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")17 „ PAVBMEWT. 8ee Bittjmk.v. 
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JACnrTH or 7ACYirTB« A gem of a deep reddish-yellov, approaching that 
of dark amlier. See Hyacinth. 

JACK, called fi\&o jack in a hox^ and hand-jack, is a portable, mechanical instru- 
ment, consisting of a rack and pinion, or a pair of claws and ratchet bar, moved by a 
winch handle, for mising heavy weights a little way off the ground. 

JACK and JACA-SUVEM are parts of a stocking-frame. A term applied 
to vibrating levers in various kinds of machinery, as well as the stocking-frame. See 
Hosikuy. 

JACX-BACX'is the largest jack or vat of the brewer. * 

JAOXf BXfcACXt The miners’ name for the sulphide (sulphuret) of zinc, or 
blonde. See Zinc. 

7ACX-7BVZTi The large fruit of the Artocarpus integrifolia, L., one of the 
Bread-fruit order. This is the Indian jaca, a native of Southern Asia. Its fibres are 
employed for many purposes by the natives, and the wood is used for furniture. A 
yellow dye, derived from the inner bark is employed in India for dyeing the robes of 
the Buddhist priests. 

JA0X80WZTX. A name applied by Whitney to a mineral from Keweenaw 
I’oint, Lake Superior. It appears to be nothing more than ordinary prehnite. See 

PUEHNITK. 

JACQVABD-BOOM. A peculiar and most ingenious mechanism, invented by M. 
.Tacquart of Lyons, to be adapted to a silk and muslin loom for superseding the employ- 
nuMit of draw-boys, in weaving figured goods. Independently of the ordinary play of 
the Avarj) threads for the formation of the ground of such a web, all those threads which 
should rise simultaneously to produce the figure, have their appropriate healds, which 
a child formerly raised by means of cords, that grouped them together into a system, 
in the order, and at the time desired by the weaver. This plan evidently occasioned 
no little complication in the machine, when the design was richly figur^ ; but the 
apparatus of Jacquart, which subjects this manoeuvre to a regular mechanical operation, 
and derives its motion from a simple pedal put in motion by the weaver’s feet, was 
generally adopted soon after its invention in 1800. Every common loom is susceptible 
of receiving this beautiful appendage. It costs in Prance 200 francs or sterling, 
and a little more in this country. 

Fig. 1287 is a front elevation of this mechanism, supposed to be let down. Fig, 1288 
is a cross section, shown in its highest position. Fig, 1289, the same section as the 
preceding, but seen in its lower position. 

A is the fixed part of the frame, supposed to form a part of the o^naiy loom; 
there are two uprights of wood, with two cross-bars uniting them at their upper ends, 
and leavii^g an interval x y between them, to place and worit the moveable frame a 

voL. in. B 



f JACQUABD-LOOM 

Tilting xound two fixed points a a, placjed laterally opposite each other, in the middle 
of the gpooe sy, Jig, 1287, 

c is a piece of iron with a peculi^ curvature, seen in front, Jig, 1287» and in profile, 
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D is a square wooden axis, moveaLle upon itself round two iron piyotf^ fixed into its 
two ends ; which axis occupies the bottom of the moveable fimme b. The four facet of 
this square axis are piercoi with three round, equal, truly-bored holes arranged in 
a quincunx. The teeth a, fig. 1291, are stuck into each face, and correspond to 
holes fl, fig. 1294, made in the cards which constitute the endless chain for the healds; 
80 that in the successive application of the cards to each face of the square axis, the 
holt;s pierced in one card may always fall opposite to those pierced .in the other. 

The right-hand end of the square axis, of which a section is shown in double size, 
fig. 1290, carries two square plates of sheet iron rf, kept parallel to each other and 
a little apart, by four spindles «, passed opposite to the corners. This is a kind of 
lantern, in whose spindles the hooks of the lever//, turning round fixed points / 
beyond the right-hand upright a, catch hold, either above or below at the pleasure of 
the weaver, according as he merely pulls or lets go the cord during the vibratory 
movement of the frame b. 

K is a piece of wood shaped like a T, the stem of which, prolonged upwards, passes 
freely through the cross-bar 6, and through the upper cross-bar of the frame b, which 
serve as guides to it. The head of the T-piece being applied successively against 
the two spindles s, placed above in horizontal position, first by its weight, and then 
by the spiral spring A, acting from above downwards, keeps the square axis in its 
position, while it permits it to turn upon itself in the two directions. The name press 
is given to the assemblage of all the pieces which compose the moveable frame b b. 

1290 1291 


F is a cross-bar made to move in a vertical direction by means of the lever a, in the 
notches or grooves z, formed within the fixed uprights a. 

11 is a piece of bent iron, fixed by one of its ends with a nut and screw, upon the 
cross-bar r, out of the vertical piano of the piece c. Its other end carries a friction 
roller j, which, working in the curvilinear space c of the piece c, forces this, and 
consequently the frame b, to recede from the perpendicular, or to return to it ac- 
cording as the cross-bur f is in the top or bottom of its course, as shown in figs. 1288 
and 1289. 

I, cheeks of sheet iron attached on either side to the cross-bar f, which serve as a 
safe to a kind of claw k, composed here of eight small metallic bars, seen in section, 
figs. 1288 and 1289, and on a greater scale mfig. 1291. 

j, upright skewers of iron wire, whose tops bent down hookwise naturally place 
themselves over the little bars k. The bottom of these spindles likewise hooked in 
the same direction as the upper ones, embraces small wooden bars ly whose office is 
to keep them in their respective places, and to prevent them from twirling round, 
so that the uppermost hooks may be always directed towards the small nietallic b^ 
upon which they impend. To these hooks from below are attached strings, which 
after ha\dng crossed a fixed board m pierced with corresponding holes for this purpose, 
proceed next to be attached to the threads of the loops destined to lift the warp threads. 
X K, horizontal spindles or needles, arranged here in eight several rows, so that each 
spindle corresponds both horizontally and vertically to each of the holes pierced in the 
lour faces of the square axis d. There are, therefore, as many of these spindles as there 
are holes in one of the faces of the square. 

Fig. 1292 represents one of these horizontal spindles, n is an eyelet through which 
the corresponding vertical skewer passes, o, another elongated eyelet, through which 
a small fixed spindle passes to serve as a guide, but which does not hinder it from 

1292 
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moving lengthwise, within the limits of the length of the eydet. small spiral 
springs placed in each hole of the case q q. Jig. 1291. They sorva the pu^ose of 
bringing ba<A to its primitive position every corresponding ne^le as soon as it ceases 
to press upon it. 





4 jacquabd-loom 

Ste 1398 JWMMnto the rian of the upper row of horuwntal nee(UeB. Fig. 1294 i» 
i-WnOTt orSTmaiese Siain, form^ with perforated cards, which are ^ 

to^^the rotation of the shaft n. In ttis niOT.®ent, each of Ae 
cards, whm position, form, and number are determined by the operation 
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of tying-up of the warp, comes to be applied in succession against the four faces of the 
square axis or drum, leaving open the corresponding holes, and covering those upon 
the f^e of the axis which have no corresponding holes upon the card. 

Now let us suppose that tlie press b is let down into the vertical position shown in 
1289; then the card applied against the left face of the axis, leaves at rest or 
xintoudied the whole of the horizontal spindles (skewers), whose ends correspond to 
these holes, but pushes back those which are opposite to the unpierced part of the 
card ; thereby the corresponding upright skewers, 3, 5, 6, and 8, for example, pushed 
out of the perpendicular, unhook themselves from above the bars of the claw, and 
remain in their place, when this claw comes to be raised by means of the lever o ; and 
the skewers 1, 2, 4, and 7, which have remained hooked on, are raised along with the 
warp threads attached to them. Then by the passage across of a shot of the colour, 
as well as a shot of the common weft, and a stroke of the lay after shedding the warp 
and lowering the press b, an element or point in the pattern is completed. 

The following card, brought round by a quarter revolution of the axis, finds all the 
needles in their first position, and as it is necessarily perforated differently from the 
preceding card, it will lift another series of warp threads ; and thus in succession for 
all the oUier cards, which compose a complete system of n, figured pattern. 

This machine, complicated in appearance, and which requires some pains to be un- 
derstood, acts however in a very simple manner. Its whole play is dependent upon the 
movement of the lever o, which the weaver himself causes to rise and fall, by means 
of a peculiar pedal ; so tliat without the aid of any person, after the piece is properly 
read in and mounted, he can execute the most complex patterns as easily as ho could 
weave plain goods ; only attending to the order of his weft yarns, when these happen 
to be of different colours. 

If some warp yams should happen to break without the weaver observing them, or 
should he mistake his coloured shuttle yarns, which would so far disfigure the pattern, 
lie must undo his work. For this purpose, ho makes uso of the lower hooked lever^\ 
whose purjwse is to make the chain of the card go backwards, while working the loom 
as usual, withdrawing at each stroke the shot both of the ground and of the figure. 
The weaver is the more subject to make mistakes, as the %ured side of the web is 
downwards, and it is only with the aid of a bit of looking-glass that he takes a peep of 
his work from time to time. The upper surface oxliibits merely loose threads in dif- 
ferent points, according as the pattern requires them to lie upon the one side or the 
other. 

Thus it must be evident, that sucli a number of pasteboards are to be provided and 
mounted as equal the number of throws of the shuttle between the beginning and end 
of any figure or design which is to be woven ; the piercing of each pasteboard indi- 
vidually will depend upon the arrangement of the lifting rods, and their connection 
with the warp, which is according to the design and option of the workman ; great 
care must he taken that the holes come exactly opposite to the ends of the needles ; 
for this purpose two large holes are made at the ends of the pasteboards, which fall 
upon conical points, by which means they are made to register correctly. 

It will be hence seen, that, according 4:o the length of the figure, so must be the 
number of pasteboan^ which may l)e readily displaced so as to remount and produce 
the figure in a few minutes, or remove it, or replace it, or preserve the figure for future 
upa. The machine, of course, will be understood to consist of many sets of the lifting 
rpds and needles, shown in the diagram, as will be perceived by observing the dispo- 
t^oii of holes in the pa^board; those holes, in order tW they may be accu- 
diftributed, aie to be pierced from a gauge, so that not the slightest variation 
ahall take place. 
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To form these card-slips, can ingenious apparatus is employed, by which the piroper 
stool punches required for the piercing of each distinct card are placed in their relative 
situations preparatory to the operation of piercing, and also by its means a card may 
be punched with any number of holes at one operation. This disposition of the punches 
is elFected by means of rods connected to cords disposed in a frame, in the nature of 
a false simple, on which the pattern of the work to be performed is first read in. 

These improved pierced cards, slips, or pasteboards, apply to a weaving apparatus, 
which is so arranged that a figure to be wrought can bo extended to any distance along 
the loom, and by that means the loom is rendered capable of producing broad-figured 
works ; having the long lever o placed in such a situation that it aifords power to the 
foot of the weaver, and by this means enables him to draw the hea^dost morintures 
and figured works, without the assistance of a draw-boy. 

The machinery for arranging the punches consists of a frame with four upright 
standards and cross-pieces, which contains a series of endless cords passing under a 
wooden roller at bottom, and over pulleys at the top. These pulleys are mounted on 
axles in two frames, placed obliquely over the top of the standard frame, which pulley- 
frames constitute the table commonly used by weavers. 

In order better to explain these endless cords, 1295 represents a single endless 
cord, 1 1, which is hero shown in operation, and part of another endless cord, 2 2, 
shown stationary. There must be as many endless cords in this frame as needles in 
the weaving-loom, a is the wooden cylinder, revolving upon its axis at the lower part 
of the standards ; b 5, the two pulleys of the pulley-frames above, over which the 
individual endless cord passes; c is a small transverse ring. To each of these rings a 
weight is suspended by a single thread, for the 
purpose of giving tension to the endless cord, d is 
a board resembling a common comber-bar, which 
is supported by the cross-bars of the standard 
frame, and is pierced with holes, in situation and 
number corresponding with the perpendicular 
threads that pass through them; which board 
keeps the threads distinct from each other. 

At c, the endless cord passes through the eyes 
of wires resembling needles, which are contained 
in a wooden box placed in front of the machine, 
and shown in this figure in section only. These 
wires are called the punch-'projectors \ they are 
guided and supported by horizontal rods and 
vertical pins, the latter of which pass through 
loops formed at the hinder part of the respective 
wires. At / are two horizontal rods extending the 
whole width of the machine, for the purpose of 
producing the cross in the cords ; ^ is a thick brass 
plate, extending along in front of the machine, and 
lying close to the box which holds the punch- 
projectors \ this plate g, shown also in section, 
is called the punch-holder ; it contains the same 
number of apertures as there are punch-projectors, 
and disposed so as to correspond with each other. 

In each of these apertures, there is a punch for the 
purpose of piercing the cards, slips, or past(iboards 
with holes ; A is a thick steel plate of the same size as and shown likewise in section, 
corresponding also in its number of apertures, and their disposition, with the punch- 
projectors and the punch -holder. This plate A, is called the punch-receiver. 

The object of this machine is to transfer such of the punches as maybe required for 
piercing any individual card from the punch-holder, g, into the punch-receiver, A ; when 
they will be properly situated, and ready for piercing the individual card or slip with 
such holes as have been read in upon the machine, and are required for permitting the 
warp threads to be withdrawn in the loom, when this card is brought against the ends 
of the needles. Tho process of transferring the patterns to the punches will be effected 
in the following manner : — 

The pattern is to be read in, according to the ordinary mode, as in a f^e simple, 
upon the endless cords below the rods /, and passed under the revolving wooden 
cylinder a, to a sufficient height for a person in front of the machine to reach conve- 
niently. He there takes the upper threads of tho pattern, called the beardf and draws 
them forward so as to introduce a stick behind the cords thus advanced, as^ shown by 
dots, for the purpose of keeping them separate from the cords which are not intended to 
be operated upon. All the punch-projectors which are connected with the coxds brought 
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fMrwwd irill be thnf made to paes through the corresponding apertures of the punch- 
holder o, and by this means project the punches out of these apertures, into cor- 
vesponding apertures of the punch-receiFer A. The punches will now be properly 
arranged for piercing the required holes on a card or slip, which is to be effect^ in 
the foUowing manner ; — 

Itemove we punch-receirers from the front of the machine ; and haring placed one 
of the sli^ of card or pasteboard between the two folding plates of metal, completely 
pierced with holes corresponding to the needles of the loom, lay the punch-receiror 
upon thfwe perforated plates ; to which it must be made to fit by mortises and blocks, 
the cutting parts of the punches being downwards. Upon the back of the punch- 
reomirer is then to be placed a plate or block, studded with perpendicular pins, corre- 
sponding to the above described holes, into which the pins will fall. The plates and 
the blocks thus laid together, are to be placed under a press, by which means the pins 
of the blocks will be made to pass through the apertures of the punch-receiver ; and 
wherever the punch has been deposited in the receiver by the above process, the said 
punches will be forced through the slip of pa^board, and pierced with such holes as 
are required for producing the figured design in the loom. 

Each ciurd being thus pierced, the punch-receiver is returned to its place in front of 
the machine, and all the punches forced back again into the apertures of the punch- 
holder as at first. The next sort of cords is now drawn forward by the next deard, 
as above described, which sends out the puncA-proyi'ectors as before, and disposes the 
punches in the punch-receiver, ready for the operation of piercing the next card. The 
process being thus repeated, the whole pattern is by a number of operations, transferred 
to the punches, and afterwards to_^e cards or slips, as above described. 
g'ACTWTK. See Jacinth — Hyacinth. 

JAAB. Under the common name of Jade two or three distinct minerals, re- 
sembling one another in many of their physical characters, but differing in chemical 
composition, are popularly confounded. The true jade, or nepArite, is an anhydrous 
silicate of lime and magnesia, related to the non-aluminous varieties of hornblende. 
Jadeite is a mineral closely resembling true nephrite in external characters, but dis- 
tinguished as a separate species by Damour, whose analyses show that it is essentially 
a silicate of alumina and soda. A third mineral, originally described by H. B. do 
Saussure as a jade, was termed Sausaurite by T. de Saussure : this was Xhejade tenace 
of Haiiy and the early French mineralogists. It is mainly a silicate of alumina and 
lime, and may be classed with the species termed ffoisite. The differences in com- 
position between the several minerals comprehended under the general name of jado 
are shown in the following selected analyses : — 





1. 

II, 

: III. 

IV. 

Silica .... 

• • 


54*68 


59*17 

43*59 

Xiime .... 

• • 


16*06 

13*48 

2*68 

19*71 

Magnesia .... 



26*01 


1*15 

2*98 

Soda • • • . 



... 

... 

12*93 

3*08 

Alumina .... 



... 

0-72 

22*58 

27*72 

Peroxide of iron 



... 


... 

2*61 

Protoxide of iron 



215 


1*56 

... 

Protoxide of manganese . 



1*39 


... 

... 

1 Water .... 



0*68 

2*60 

... 

0*35 

Total • 

• • 

• 

100*97 


100*07 

10004 


I. Kephrite, from China, by Bammelsberg. 

11. Nephrite, from New Zealand, by Scheerer. 

III. Jadeite, from China, by Damonr. 

IV. SaoBsurite, from Lake of Geneva, by T. Sterry Hunt. 


It may be useful to give the means of discriminating these minerals by their 
behaviour before the blowpipe. ISephritc is difficult of fusion, does not colour tho 
fiame, but when moistened with solution of nitrate of cobalt assumes a rose colour, 
due to the presence of magnesia ; jadeite is readily fusible to a transparent glass, and 
gjvet with cobalt a blue colour, due to the alumina ; Sauaeurite is more fusible than 
Mg^te, but lese so than jadeite, it colours the flame blue, and becomes blue with 

of the furietiee of jade hare been found o^stallised, but they usually occur 
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in compact tough masses, breaking with a splintery fracture. The spedflc gravity 
varies from 2*9 to 3*1, rising to 3 38 in Saussnrite. All the jades are hard stones, being 
nearly as hard as quartz, but it is said that some varieties when first broken, are so 
soft as to be readily cut with a knife. The colours are various shades of green, 
occasionally passing into a greenish white tint. 

Like most green stones, jade has always been a favourite material for amulets. It 
formerly possessed special repute for curing diseases of the kidneys, whence the 
mineralo^cal name nephrite (v€<(>p6s, the kidneys), and the popular name kidnet/siofie 
{pierre nephritiquCy Fr. ; pieira di hijada^ Sp. ; Nierensteinf Ger.). 

Jade is largely used in China as an ornamental stone under the name of yti. Mr. 
Pumpclly has shown that the jade of the province of Yunnan, known as feisui, is 
really jadeite. The Chinese appear to have formerly obtained considerable supplies 
of jade from Eastern Turkestan, where it is found in the chain of the Kuon-lun 
Mountains. The jade-quarries on the Kara-kash Eiver have been visited and de- 
scribed by Dr. Cayley and by Hennann von Scblagintweit. According to the latter 
traveller, jade is always known in Khotan under the name of pashm. 

Jade is found extensively in New Zealand, and is employed by the natives for 
making tikis, or the grotesque ornaments worn on the breast, and for the peculiar 
instruments of war, called pattoo-pattoos or meres. The use of jade for those axe-like 
weapons has led to the popular name of axe-stone {Beilstdn, Ger.). The Now Zealand 
jade is known to the Maorics as punamu or ‘ greenstone ; * and, according to Von 
Hochstetter’s map it is found along the west coast of the South Island ; indeed, this 
island is called, from the occurrence of jade, Te Wahi Punamu, or ‘ The place of the 
greenstone.* 

Jade also occurs in Siberia, and fine specimens have been brought byM. Alibert, 
with his graphite, from the Government of Irkutsk. 

In prehistoric times, jade and jadeite were used for amulets and ornaments, and 
specimens have been found among the relics of the old pile-buildings, or Pfahlbautcn, 
of the Swiss lakes. It is curious to conjecture whence this material could have been 
derived ; for, with the exception of an erratic block found at Schwemsal in Germany, 
true jade is not known to occur in western Europe. The so-called jade pebbles of 
Iona are nothing more than serpentinous marble. — F.W.R. 

J'ABSZTSa See Jade. 

JiLCKvlOtT. Palm-sugar, prepared from Sagucrus saccharifer 

JAXhIkF. The root of tho Exogonium purga, Bth., a member of the Convolvtdacea, 
or Bindweed order. It tjikes its name from ]5^1apa, a city of Mexico. Its uses as a 
common purgative are well known. 

J AMCAIC A PSPPSR. One of the names given to Allspice. 

JAMB80M'XT&« A sulphide of lead and antimony, containing about 40 per 
cent, of lead and 34 of antimony. It occurs in several mines in the north-east of 
Cornwall, and in Devonshire, but has not hitherto been available as an ore of lead. 

JAirAPVM. Crotalarm juncea, a vegetable fibre used for ropes. See Fibbes. 

JAP AW BAATHa Terra Japonica. See Gambib. 

JAP Air BACQITBR. A hard block varnish prepared from the Stagmaria 
vernicijlua. 

JAPAJT PBPPBB. A condiment prepared in China and Japan by bruising the 
capsules of the Xanthos^lon piperitum, D.C. From this plant, or from a closely-allied 
species, Stenhouse obtained two peculiar principles, which he called Xanthoxylene and 
Xanthoxylin, 

JAP Air 8A0>0. A starch obtained from the stem of the ^cas revoluta, 

^ APAW WAX* A vegetable wax obtained from the fruits of Ehus succedanea, 
L., and perhaps other species. It has been imported ftom Japan for use in candle- 
making. 

JAPAinrXHO is a kind of varnishing or lacquering, practised with excellence by 
the Japanese, whence the name. 

The only difference between varnishing and japanning is that after the application 
of every coat of colour or varnish, the object so varni^ed is placed in an oven or 
stove at as high a temperature as can safely be employed without injuring the articles 
or causing the varnish to blister or run. 

For black japanned works, the ground is first prepared with a coating of black, made 
by mixing dross ivory black to a proper consistence with dark coloured anime varnish, 
as this gives a blacker surface than could be produced by japan alone. If the surface 
is required to be polished, five or six coats of japan are necessary to give sufficient 
body to prevent the japan from being rubbed through in polishing. 

Coloured japans are made by mixing with some hard varnishes the required colour, 
and proceeding as described. See Vabnish. 

the same given to a variety of Zircon from Ceylon. It is seldom* 
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pcifprtly tzaniparenti and is either colourless or grey, with tinges of green, blue, red, 
and yellow of Tarions shades, but generally smoky and ill-defined. It occurs in worn 
angular pieces, or in small detach^ crystals, rarely exceeding 6 or 8 carats in weight, 
chmfly in the sand of a river in Ceylon. The surfaces of the crystals are smooth, and 
possess a lustre more nearly approaching that of the diamond thtm any other gem. 
At the pzesMit day, though out of fashion and in no request, it is still occasionally 
sold for inferior diamonds. 

Davy says that the light grey varieties of the zircon are sold by the inhabitants of 
Ceylon as imperfect diamonds, the natives being altogether ignorant of the true 
nature of the mineral. It is most abundantin the district of Matura, whence it has 
its common name in Ceylon of Matura diamond. The colourless zircon is also cut 
and sold as a false diamond in the bazaars of India. — H.W.B. 

JJUUOSm. A hydrous sulphate of peroxide of iron, with an alkaline sulphate. 
It takes its name from Barranco Jaroso, in the Sierra Almagrera, in Spain. 

JASraB {Jaape ccdchdoine^ Fr. ; Jaspia^ Gor.) is a sub-species of quartz, of which 
there are five varieties: — 1. The jEJgyptian red and brown, forming nodules with 
ring or tendril-shaped delineations. 2. Porcelain jasper, or clay ^tered by ho;it, 
and dif^ung from true jasper by being fusible on the edges, before the blowpipe. 
3. Striped or riband jasper. 4. Common jasper. T). Agate jasper. The prettiest 
specimens are cut for seals, and for the inferior kinds of jewellery ornaments. See 
Lapidaet.— H.W.B. 

^ATAOPKA BKAVZBOT. A plant belonging to the EaphorhiacccB^ from which 
the Cassava Tneal is prepared, and from the expressed juice of which are obtained 
Cassava starch and Tapioca. See Tapioca. 

The seeds of Jatropha purgans yield jatropha oil, and the nuts of this and some 
other species of Jatrojflta are known as * Physic nuts.’ 

JAAV. A twills cotton, usually stripp^. Satin-jeans are woven so as to present 
a smooth glossy appearance. It is used for stays, &c. 

AjnilKAXi. See Gelatine ; Glue ; and Isinglass. 

JXliXiTf VXOBTABU. A great many vegetable productions yield upon infusion 
or decoction gelatinous solutions. These vary very much in character. The jelly of 
ripe currants and other berries is a compound of mucilage and acid, which loses its 
power of gelatinising by prolonged ebullition. 
nMMZBS. A woollen cloth made in Scotland. 

nnUKBD B8BF. Beef dned in the sun : much of this has been introduced from 
the South American States, but it has not hitherto been much used, although sold at a 
very low price. 

JBBUBAXiBM ABTXC80BJB. The edible tubers of the Helianthus tuherosus. 
The epithet of * Jerusalem ’ is a corruption of the Italian ^rasol. 

F B S B A W UUW M or JABMOTBa A well-known family of plants. The Jdsmiuni 
fruticans, a native of the southern parts of France, J, odoratissimum, a native of India, 
and (J. sufnbac, a native of India and Arabia, are used to obtain the essential oil or 
jasmine. See Pbbfuhebt. 

JBTa {Jaietf or jaistYr,) Jet occurs in the upper lias shale in the neighbour- 
hood of Whitby, in Yorkshire, in which locality this beautiful substance has been 
worked for many hundred years. The jet-miner searches with great care the slaty 
Ioda^ and finding the jet spread out, often in extreme thinness between the lamina- 
tions of the rock, he follows it with great care, and frequently he is rewarded by its 
thickeniiig out to two or three inches. 

The bait jet is obtained from a lower bed of the upper lias formations. This bod 
has an average thickness of about 20 feet, and is known as jet rock. An inferior 
kind, known as soft jet, is obtained from the upper ^art of the upper lias, and from the 
sandstone and shale above it The production of jet in this country appears to be 
limited to the coast of Yorkshire, from about nine mileB south of Whitby to Boulby, and 
about the same distance to the north ; the estates of Lord Mulgrave being especially 
JirodnctiTe. Thm b a carious allusion to this in Drayton’s * Folyolbion ’ : — 

The rocks by Moultgrave, too, my glories forth to set, 

Out of their orannied rocks can ^ve yon perfect jet. 

Dr. Yoong, in his ‘ Geolpgy of the Yorkshire Coast,* writes—* Jet, which occurs hero 
k considerable quantities in the aluminous bed, may be properly classed with fossil 
wood, as ft a^tears to be wood in a high state of Htwnenisation, Pieces of wood im- 
pregnsled with silex are often found completely crusted with a coat of jet about an 
indi thick. But the most common form in which the jet occurs is in compact masses 
of from half an inch to 2 indies thick, from 8 to 18 inches broad, and of 10 or 12 feet 
kwg. The outer luzfroe is always marked with longitudinal striae, like the grain of 
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wood, and the transYerse &acture, which, is conchoidal, and has a resinous lustre, displays 
the annular growth in compressed elliptical zones/ 

It does not appear to us that the ‘ ligneous origin ’ of jet is by any means established ; 
indeed, we think the amount of eridence is against it. There is no example, as far as we 
can learn, of any discorery of true jet haying a strictly ligneous structure, or showing 
anything like the conversion of wood into this coal-like substance. There appears, 
however, to have been some confusion in the observation of those who have written 
on the subject, Mr. Simpson, the intelligent curator of the Whitby Miuseum, who 
has paid much attention to the subject, says, ‘Jet is generally considered to have 
been wood, and in many cases it imdoubtedly has been so ; for the woody structure 
often remains, and it is not unlikely that comminuted vegetable matter may have 
been changed into jet. But it is evident that vegetable matter is not an essential 
part of jet, for we frequently find that bone, and ^e scales of fishes also have been 
changed into jet. In the "TOitby Museum there is a large mass of bone, which has 
the exterior converted into jet for about a quarter of an inch in thickness. The 
jetty matter appears to have first entered the pores of the bone, and there to have 
hardened; and during the mineralising process, the whole bony matter has been 
gradually displaced, and its place occupied by jet, so as to preserve its original form.’ 
After an attentive examination of this specimen, we are not disposed to agree entirely 
with Mr. Simpson, 

Jot certainly incrusts a mass which has something the structure of a bone, but, 
without a chemical examination of its constituents, we should hesitate even to say it was 
bone. Wood without doubt has been found encrmted, with jet, as fragments of animal 
matter may also have been. But it is quite inconsistent with our knowledge of physical 
and chemical changes, to suppose that both animal and vegetable matter would undergo 
this change. ’Byjprocesa of mbstitution^ we know that silica will take the place occupied 
by carbon, or wo^y matter ; as, for example, in the fossil palms of Trinidad, and the 
silicified forests of Egypt ; but we have no example within the entire range of the 
coal-formations of the world of carbon taking the place of any of the earths. 

Jet is found in plates, which are sometimes penetrated by belemnites. Mr. Eipley, of 
"Whitby, has several curious examples, — two plates of jet, in one case enclose water- 
worn quartz pebbles ; and in another jet partially invests an angular fragment of 
quartz rock. ‘ This is the more remarkable,’ says Mr. Simpson, ‘ as quartz rock, or, 
indeed, any other sort of rocky fragment, is rarely found in the upper lias.’ 

The very fact that we find jot surrounding belemnites, casing adventitious masses 
of stone, and investing wood, seems to show, that a liquid, or at all events, a plastic 
condition, must at one time have prevailed. We have existing evidence of this. Dr. 
Young, in the work already quoted, says: — ‘In the cavities of nodules containing 
petrifactions, we sometimes meet with •petroleum^ or mineral oU. When first e^^sed, 
it is generally quite fluid and of a dark green colour ; but it soon becomes viscid and 
black, and at last hardens into a kind of pitch, which generally melts with heat, and 
when ignited burns with a crackling noise, and omits a strong bituminous smell.’ 
One more sample of evidence in favour of the view that jet has been formed from 
wood. It is stated (Eeed’s ‘ Illustrated Guide to Whitby’) that in front of the cliff- 
work of Hailburne Wyke existed a petrified stump of a tree, in an erect posture, 3 
feet high and 15 inches across, having the roots of coaly jet in a bed of shale; whilst 
the trunk in the sandstone was partly petrified, and partly of decajred sooty wood. 
Even in this example it would appear, that after all, a coating of jet was all that 
reiilly existed upon this example of the equisetum, which probably stands where it 
grew. Mr. Simpson, in a valuable little publication, ‘ The Eossils of the Yorkshire 
Lias described from Nature, with a short Outline of the Geology of the Yorkshire 
Coast,’ says : — ‘ Erom all we know respecting this beautiful mineral, it appears ex- 
ceedingly probable that it has its ori^n in a certain bituminous matter, or petroleum, 
which abundantly impregnates the jet-rock, giving out a strong odour when it is 
exposed to the air. It is frequently found in a liquid state in the chambers of ammonites 
and belemnites and other cavities, and, whilst the unsuspicious operator is brealdng a 
lias nodule, it flies out and stains his garment. This petroleum, or mineral oil, also 
occurs in nodules which contain no organic remains ; and I have been informed by 
an experienced jet-miner that such nodules are often associated with a good seam of 
jet, and are therefore regarded as an omen of success.’ 

Jet is supposed to have been worked in this country long before the time of the 
Banes in England, for the Eomans certainly used jet for omamentfid purposes. Lionel 
Charltan, in the ‘ History of Whitby,’ says, that he found the e^-ring of a lady Imving 
the form of a heart, with a hole in the upper end for a suspension from the ear ; it was 
found in one of the Eoman tumuli, lying close to the jaw-bone. There is .no doubt 
that when the abbey of "Whitby was the seat of learning and the resort of pilgiiins, jet 
rosaries and crosses were then common. The manufacture was carried on till the thus of 
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ElinbeUi, when it seems to have ceased suddenly, and was not resumed till the ye.ir 
1800, when Robert Jefferson, a painter, and John Carter made beads and crosses witli 
files and knives : — a ne<A guard, made in this manner, fetched one guinea. A stranger 
coming to Whitby saw them working in this rude way, and advised them to try to turn 
it ; they followed his advice and found it answer; several more then joined them, and 
the trade has been gradually increasing since. 

In 1860 the jet>trade of Whitby realised about 45,000Z. ; but since that time it has 
doubled itself. In 1870 the valne amounted to 84,000/.; in 1871 to 86,000/. ; in 
1872 to 88,000/. ; and in 1873 it probably exceeded 90,000/. 

Two kinds of jet occur at Whitby — the hard and the soft. The hard jet, which alone 
is now worked, is found in layers of varying extent and thickness ; the largest know n 
specimen having measured 6 feet 4 inches in length, about 5 inches in width, and 
inch in thickness ; it weighed 11^ lbs. Formerly, the hard jet was worked in the cliffs 
by a dangerous process called * dessing * ; but the cliff-workings are now almost entirely 
abandoned, and most of the jet is obtained from mines in the Cleveland hills, the 
most extensive working being those of Bilsdale, near Broughton. Alx)ut 20 mines 
Me at present open, giving employment to about 200 miners. Rough hard jet varies 
in value firom 4 <. to 21s. per lb. ; but the soft jet realises only hs. 6d. to 30.s. per 
stone, and it is now rarely worked at Whitby, since Spanish jet can be imported at the 
same price. The Spanish does not stand wear so well as the Whitby jet, nor does it bear 
exposure to the weather. The two kinds may be distinguished by scratching them 
with a knife, the Spanish giving a veiy irregular scratch, whilst the Whitby gives a 
fine groove. 

In working jet, the first operation is to remove the skin, or enter surface, which is 
chipped off With an ^ iron chisel ; the denuded pieces are then sawn up into sizes 
adapted for the required articles, and are worked into form by carving and turning ; 
finally, the objects are polished with rouge on a board covered with hide, by which 
means a fine velvety lustre is obtained. There are at present upwards of 200 work- 
shops in Wh.itby, the largest being that of Mr. Charles Bryan, which gives employ- 
ment to about 120 hands. Most of the jet ornaments are sent to London ; the inferior 
ones are mostly purchased for the American market. A trade is also carried on with 
the Continent and with most of our colonies. 


The jet workere complain of the groat scarcity of designs in jot. Sereral designs 
hare been sent them; but the artists not being acquainted with the peculiarities of 
the material, thoir designs are not generally applicable, and the manufacturer is mucli 
more succeosful in the imitation of natural objects than any artificial combination, 
ior rerentinfo^tion on jct,we are indebted to a paper on Whitby Jet andite 
by Mr. J. A. Bower, F.C.S., ‘Journal of the Society of Arte,' December 


^ T ® Tfoather ; flottam being 

tte portion of a ship and cargo which rematnt floating upon the waten ; and lagan or 
W-ffoo*, being merchanise which is cast orerboard, and sunk with a buoy arched, 
BO that they may be possibly discovered. ^ 

76 * ^ ^ 

■*- =“rfuUy-prepared peroxide of iron, used for 
jmraunT. See Buotjtht; Gem; and Lapidaht. 


and copper, 

an"^ 

from the juice of the fruit, but nearly all the juiubes sold bv our lozenge 

feeboner^re merely dried mucilage, flavoured and sweetone/ 

is ^SS^IheW^ at each end like chisel bite. It 

^ belonging to the order Conifera. About twenfv 
^ known. This plant is cultivated mostly for its berries , i 

^ TlaM a volatilo ossential oiL Throes 
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The Jwnpenu Bmnudianat the Bermuda red cedar, is a large tree trith soft and 
franant w(^, and is what is used in making pencils, and by cabinet-makers. 

The J, Virginia^ L., is also used as the so-called cedar for lead-pncils. 

JUTS consists of the fibres of two plants, called the chonch and isbnnd (Cbr- 
chorus olitorus and Corchorua capaulaHs)^ extensively cultivated in Bengal, and 
forming, in fact, the material of which gunny-bogs and gunny-cloth are made. It 
fetches nearly, though not quite, so high a price as sunn. See Sukk. It comes into 
competition with fiax, tow, and codilla, in the xnanufacture of stair and other carpets, 
bagging for cotton and other goods, and such like fabrics, being extensively used for 
these purposes in Dundee. But it is unsuitable fbr cordage or other articles into 
which hemp is manufactured, from its snapping when twisted, and rotting in water. — 
M^CuUoch. 


The importance of jute as an article of manufacture is shown by the following 
statement of the Exports from India from 1850, when it first began to attract attention 
in this country, to 1863 : — 


1850 






Cwts. 

891,098 

Total Yalne 

A 

88,989 

1851 






584,461 

196,936 

1852 






635,027 

180,976 

1853 






340,797 

112,017 

1854 






509,507 

214,768 

1855 






699,566 

220,241 

1856 






882,715 

329,076 

1857 






673,416 

274,957 

1858 






788,820 

303,292 

1859 






317,890 

525,099 

1860 






761,201 

290,018 

1861 






1,092,668 

409,372 

1862 






1,232,279 

637,610 

1863 






1,266,884 

750,456 


The rapid progress of the jute manufacture in this country is thus shown. The 
following Tables show the increase since 1869, which is to be accounted for by the 
low cost of the material, and its possessing a considerable amount of spinning 
quality. * 

Imports: nearly all from British India. 


Yean 


CwtB. 


1869 

1870 

1871 

1872 
1873 


2.407.000 

2.376.000 
3,454,020 
4,041,018 

4.543.000 


The following quantities of yam and waste of jute were imported in 1871 and 
1872 



1871 

1872 

Brom Bussia . 

,) Holland 

Belgium . 

1 , France 
„ Other countries . 

lbs. 

29,000 

249,285 

178,787 

2,739,981 

A 

400 

4,914 

6,868 

50,913 

Ibfii 

26i]844 

28,182 

2,285,166 

56,929 

A 

4,891 

1,347 

49,631 

1,644 

Total 

3,197,068 

62,690 

2,632,071 

67,618 


The I*resldeiit of the Chamber of Commerce, Dundee, at a meeting (1873) stated 
that great prosperity had attended the Dundee trade during the past year, that the 
whole machinery had been in operation, and that full employment had been obtained 
by all. The importation of jute had never been greater than in ^s year, being some 

20,000 tons more than last. It was mentioned as another indication of the prosperity, 
that the deposits of the working classes engaged in the jute manufacture in the 
savings-bank during the present year had increased by 36,000/. or 87,000/. 

Xt is in Scotland especially where goods made from jute represent a large branch 
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of indoster. This v«ty dieap raw material is employ ****™i®'*^ w Wnd'cmeu! 
to make ordinary brown doth, but more especially sacking, anTare 

ne jute yams ised for carpets are of the richest and p*fo 

some^es used in crayunction with cocoa-nut fibr^ Eren the Brussels a 
carpets are imitated irith success in appearance, but not in durability. 
its surrounding neighbourhood are the principal 8^^® 50 000 

ture. The numbOT of spindles acting on jute in Dundee is considerably above 50, 

A very beautiful cloth for binding books is made from jute. 

Th? bulk of the raw jute exported is sent to France. About 30,000 cwte. arc 

annuallv returned in the shape of jute-yam. j „ 

The amount of British-made jute-yam and manufactures exported was as toi- 

lows during the last five years : — .... 

Tarns 
lbs. 

8,041,000 

12.669.000 

13.710.000 


1869 

1870 

1871 

1872 
1873 


12,715,000 
1 o QVA nnn 


Manufactures 

yds. 

50.127.000 

57.920.000 

62.310.000 

84.452.000 

no non nnn 


This is exclusive of jute bags and sacks, which are not separately classified in the 


iraae returuH. . . ■ 

The following Parliamentary return of the jute Exports in 18/ 2 shows the countries 

to which our manufactures were sent : — 


Jute Yarn : 

lbs. 

£ 

To Germany 

1,684,272 1 

33.521 

„ Holland . . . a a . . 

2,866,952 

54,448 

„ Belgium 

792.540 

19,640 

„ France . . . . a . . 

253.900 

9.39{) 

„ Spain 

4,842,592 

96,222 i 

„ Italy 

444,680 

12,250 

„ United States : Atlantic .... 

1.526,619 

28,189 

„ „ „ Pacific .... 

14,429 

278 

„ Other countries 

289,985 

7.296 ( 

Total .... 

12,716,969 

261,239 

Me Manufactures: 

Yards 

^ ; 

To Kussia ....... 

771,276 

15,343 

„ Denmark 

1,806,617 

29,306 

„ Germany 

22,552,478 

399,494 

„ Holland 

4,108.478 

73,153 

„ Portugal and Madeira 

920,369 

20,319 

„ Italy . ... 

2,133,050 

44,391 

„ Austrian Territories ^ 

605,162 

10.042 

„ Turkey Proper 

2,324,000 1 

42,286 

„ Egypt ....... 

822,410 1 

18,767 

„ United States : Atlantic .... 

19,829,125 

320.461 

„ „ „ Pacific .... 

4,292,098 j 

76,860 

„ Foreign West Indies 

1,209,906 

24,831 

„ Unit^ States of Colombia (New Granada) . 

646,500 

11,415 

„ Venezuela 

405,200 

9,405 

„ Peru 

2,027,400 

35,416 

„ ChiH 

992,200 

17,944 

„ Brazil 

9,061,024 

134,638 

„ Uruguay 

1,387,840 

22,620 

„ Ar^tine Bepublic 

3,253,760 

62,095 

„ British Possessions in South Africa 

407.740 

11,126 

„ Amelia 

1,342,580 

33,278 

„ British North America .... 

614,430 

18,167 

„ Other oountries 

2,939,370 

61,238 

Total 

^ 

84,462,467 

1.486,484 
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JLABOOX. A name for a clay-ironstone in Ceylon* — Simmonds, 

JLAJanTB. A hydrous sulphate of potash and magnesia, occurring in the great 
saline deposits overlying the rock-salt at Stassfurt, in Prussian Saxony. It has 
become an important commercial source of sulphate of potash. 

MMltm A mining term. * Wild iron ; a coarse, false kind of iron.’ — Borleue, In 
St. Just, in Cornwall, a callan lode is a lode containing much iron. 

XA&XXDOPBOV. An instrument devised by Professor Wheatstone. An elastic 
thin bar is fixed by one of its extremities, and at its free end it carries a silvered or 
plished ball ; a ray of light is reflected from this ball, and when the thin plate is put 
in vibration, the fine pint of light describes various curves, correspnding with the 
musical notes produced by the vibrations. 

x:AUBZB 08C0PII« A well-known instrument invented by Sir David Brewster. 
It has been much employed in arts of design. The leading conditions are that the 
angle at which the reflectors are placed is a submultiple of 360®, that the only posi- 
tions in which a body can be phujed to form perfectly 83rmmetrical images are between 
the ends of the mirrors, or in contact with the ends, and the eye must be as near as 
pssible to the angular point. 

iTAV.!- The Arabs gave this name to an annual plant which grows near the 
sea-shore, now known under the name of Salsola soda, and firom whose ashes they 
extracted a substance, which they called alkali, for making soap. The term Kali is 
used by German chemists to denote caustic potash, and Kalimi, its metallic basis, 
instead of our potash and potassium. 

JLBBZmTB. Dana’s name for native potash-alum. See Altth. 

BABKABA, or BAMXXiA BTXL An Indian yellow dye for silks, obtained 
from the Rottlera tinctoria, Exb. The .red powder which covers the fruit is mixed 
with alum or with carbonate of soda, and yields an orange dye. Kamala is also 
employed medicinally in the East. 

BAMPTUXZCOir. This article was first made in the year 1843, but, like most 
new productions, it remained for some time unappreciated. At length it was used 
by Sir Charles Barry for the corridors of the Houses of Parliament. 

At first it was produced in its unstained colour, but subsequently it has been stained 
of many different colours. It is also impressed with surface-colour designs of varied 
and appropriate subjects. It is an admirable recipient of colour, which penetrates 
througliout its substiinco, and remains permanent. Kamptulicon is composed of 
gutta-percha, India-rubber, and pound cork. 

Other materials have been tried, such as prepared oil and ground cork ; but this 
has not been very successful. In some, sawdust has been substituted for cork. 

One of the great advantages of kamptulicon is its property of deadening sound. 
The Kamptulicon Elastic Floor-Cloth Company, who have extensive works at Bow 
Common, furnish the following notice of this manufacture : — 

The first part of the miinufacturing process is the purification of the native caout- 
chouc or India-rubber. It is first put to soak into large water tanks heated by steam, 
and when sufficiently softened, is placed before a circidar knife of cast steel, revolving 
at the rate of 3,000 times a minute, and cut into small blocks ; and is then taken to a 
pair of powerful cast-stool rollers, which seize it, and grind it with immense force ; 
and, aided by a jet of water, all the clay and foreign ingredients are expelled and 
washed away ; it is passed several times through this machine, till it is perfectly free 
from all impurities, when it is taken to a formidable apparatus, called the masticator, 
which consists of a massive structure of iron, fitted with cylinders, of which every 
part, being subject to a violent straining, is rendered as strong as possible. The 
material having been of a loose though tough mass on entering this machine, is 
gradually crushed and worked down into a body of consistent substance, and has 
altered to a light brown, colour. This process is attended with the evolution of much 
heat, caused by the immense friction in the working of the material, and any water 
yet remaining in the mass is actually converted into steam, a succession of explosions 
constantly being heard in the apparatus from the disengs^ed air or steam ; it is then 
removed and worked into the proper consistency, by being passed through deeply- 
indented rollers, which further grind and incorporate it with the diflferent colours, 
&c., for spreading upon cloth and rolling into weets for steam packing; this is the 
most tedious and expensive part of the manufacture, at it goes through several'^irs 
of similac rollers, which require great mechanical power. After b&ig brought to 
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this gtate, which » varied according to the pu^se for which it is required, it is 
taken to a still larger set of rollers, which consists of four cast-steel cylinders, each 
of 22 inches diameter, and 62 inches on the face ; these rollers are beautifully turned 
and polished, fitted with steam connections, as well as for hot and cold water, and are 
estimate to have cost upwards of 1,500/., there being great difficulty in obtaining 
rollers of so large a size. 

The material forms a sheet upon the first roller, and, as it passes over, is pressed 
into the doth through the other rolls, and wound off in front of the machine on a 
roller connected with it, the average speed of the machine being such as to produce 
1,600 to 2,000 yards per day. After leaving the machin^ the fabric or rubber is 
subjected to the vulcanising process by being placed with sulphur at tempera- 
tures of from 300® to 370® Fahr., which renders the India-rubber highly elastic, 
and gives it the properties of resisting the influence of grease or acids. The whole 
of the machinery is worked by a pair of horizontal double-cylinder engines of 66 
horso-power, and one engine of 30 horse-power. Space will not permit us to describe 
the further machinery for making all the various articles in detail. 

XAinBXTX. An arsenide of manganese, probably from Saxony ; named after Sir 
Bobert Kane, by whom it was first described. 

XAirCMUtOO. A marsupial animal, native of Australia. Its tail makes excel- 
lent soup ; and its skin, when tanned, becomes a soft and durable leather. 

XAOUMT. A name derived from the Chinese, which is sometimes applied to 
porcelain clay. See Clay, Pokcelain. 

a name of amber, of Arabic origin, in use upon the Continent. 

JKABy or CAJUr. A Cornish miner’s term, frequently, according to Borlase, 
used to signify the solid rock — ^more commonly a pile of rocks. 

3LAB8T2WZTB. The name given by Hausmann to anhydrous sulphate of lime, 
in compliment to the German mineralogist Karsten. See Anhydbite. 

JLAT, or RBAT. An Arabian drug, obtained from the Catha edulis and C. 
Bpinosa, It is said to be chewed by the Aiohs for the sake of its exhilarating effects ; 
whilst a decoction prepared ftom it is used as tea. 

XATTXMIfinDOO or CITTTBMTOBOO. A caoutchouc-like substance ob- 
tained from the Euphorbia anti^uorum of Koxburgh. It was first exhibited in 
this countiy in the Great Exhibition of 1851, being sent by Mr. W. Elliott from 
Vizagapatam. 

It was of a dark brown colour, opaque except in thin pieces, hard and somewhat 
brittle at common temperatures, but easily softened by heat. Perfectly insoluble in 
boiling water, but becoming soft, viscid, and remarkably sticky and adhesive like 
bird-lime, reassuming, as it cools, its original character. 

It is said to be used for joining metal, fastening knife-handles, &c. 

XAVBZB or XAWUB BBSZV. See Dahmau. 

JLAVA ROOT. The root of the Fiper methystioum, Forst., used in the South 
Sea Islands for preparing a disgusting beverage. 

JUUIOR AJrCROR. A small anchor with an iron stock used for warping. 
RRRli. A barge used on the Tyne to carry coal. These barges are constructed 
to carry 21 tons. The keel ‘is worked by means of one oar at the gunwale and a 
Bweep at the stem. Of late years the build and rig of these vessels have been so 
greatly improved, that they can now work to windw^ in as good a style as a sloop.* 
Bunn, Winning and Working of Collieries. 

RRRUR. A manager of coal barges and colliers in the Durham and Northum- 
berland district. 

RRBVXf a mining term. A large vat used in dressing ores ; also a brewer's term 
for a mash tub. 

BJKIi. A cask containing five gallons. 

RRIR , A boiler used in blea^ng establishments. See Bleaching. 

RRliR ( Varec, Fr. ; Wareck^ Ger.) is the crude alkaline matter produced by 
incinerating various species of fuci, or sea-weed. They are cut with sickles from the 
rocks in the summer season, dried and then burned, with much stirring of the pasty 
ash. Dr. Ure analysed many specimens of kelp, and found the quantity of soluble 
matter in 100 parts of the best to be from 68 to 62, while the insoluble was from 47 
to 88. The soluble consisted of: 

Sutehateofsoda 8*0 190 

Sodi^ as carbonate and sulphuret . . ,8*6 6*6 

Sluziate of soda and potash .... 86 6 37*5 


68*0 


62*0 
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The insoluble matter consisted of : 


Carbonate of lime . . . . , 

. 24*0 

10-0 

Silica 

. 80 

00 

Alumina, tinged with iron oxide . 

. 9-0 

100 

Sulphate of lime .... 

. 00 

9-6 

Sulphur and loss » . . . , 

. 60 

8-6 


47*0 

38*0 


The first of these specimens was from Heisker, the second from Eona, both in the 
Isle of Skye, upon the property of Lord Macdonald. From those, and many other 
analyses which were m^e by Dr. lire, it appears that kelp is a substance of very 
variable composition, and hence it was very apt to produce anomalous results, when 
employed as the chief alkaline flux of crown glass, which it was for a very long period. 
The Fiicus vesiculoms and F. nodoaus are reckoned to afford the best kelp by in- 
cineration ; but all the species yield a better product when they are of two or three 
years’ growth than when cut younger. The varec made on the shores of Normandy 
contains almost no carbonate of soda, but much sulphate of soda and potash, some 
h 3 rposulphite of potash, chloride of sodium, iodide of potassium, and chloride of potas- 
sium ; the average composition of the soluble salts being, according to Gay-Lussac, 
56 of chloride of sodium, 26 of chloride of potassium, and a little sulphate of potash. 
The very low price at wWch soda-ash, the dry crude carbonate from the decomposition 
of sea salt, is now sold, has superseded the use of kelp for this purpose. 

Mr. E. C. C. Stanford has introduced a process for preparing kelp by simply carbo- 
nising the weeds. The sea-weeds are collected during the winter, and, when dned and 
compressed, are distilled in retorts at a comparatively low temperature. See Alqje ; 
Iodine; Potash. 

XBITTZSB KAO. See Ea& and Eagstone. 

XBBATZSr. An animal principle obtained from hairs, nails, horn, feathers, and 
other integumentary tissues. 

XBRM118 O&AXWSf AXiXBltMXB, are the dried bodies of die female insects 
of the spedes Coccus UiciSf which lives upon the leaves of the Qucrcus ilex (prickly 
oak). Kirby and Spence, and also Stephens, state that the Coccus Uicis is found on 
the Qucrcus coccifera. The word kerms is Arabic, and signifies * little worm,’ In 
the middle ages, this dye-stuflf was therefore called vcrmiculus in Latin, and vermeil 
and vermilion in French. It is curious to consider how the name vermilion has been 
since transferred to red sulphuret of mercury. 

Kermes has been known in the East since the days of Moses ; it has been employed 
from time immemorial in India to dye silk ; and was used also by the ancient Greek 
and Eoman dyers. Pliny speaks of it under the name of coccigranum, and says that 
there grew upon the oak in Africa, Sicily, &e., a small excrescence like a bud, called 
cuaculium ; that the Spaniards paid with these grains half of their tribute to the 
Komans ; that those produced in Sicily were the worst ; that they served to dye 
purple ; and that those from the neighbourhood of Emerita in Lusitania (Portugal) 
w'cre the best. 

In Germany, during the ninth, twelfth, thirteenth, and fourteenth centuries, the rural 
serfs were bound to deliver annually to the convents a certain quantity of kermes, 
the Coccus Polonicue, among the other products of husbandry. It was collected from the 
trees upon St. John’s-day, between eleven o’clock and noon, with religious ceremonies, 
and was therefore called Johannishlut (St. John’s blood), as also German cochineal. 
At the above period, a great deal of the German kermes was consumed in Venice, for 
dyeing the scarlet to which that city gives its name. After the discovery of America, 
cochineal having been introduced began to supersede kermes for all brilliant rod dyes. 

The principal varieties of kermes are the Coccus quercus, the Coccus PolonicuSt the 
Coccus fragaricB^ and the Coccus uva ursi. 

The Coccus qucrcus insect lives in the south of Europe upon tlio kermes oak. The 
female has no wings, is of the size of of a small pea, of a brownish-red colour, and is 
covered with a whitish dust. From the middle of May to the middle of June the egga 
are collected, and exposed to the vapour of vinegar, to prevent their incubation. A 
portion of eggs is left upon the tree for the maintenance of the brood. In the depart- 
ment of the Bouches-du-Ehbne, one half of the kermes crop is dried. 

The kermes of Poland, or Coccus Polonicus, is found upon the roots of the Scleranthua 
permnis and the Sdleranthus annuus, in sandy soils of that country and the Ukraine. 
This species has the same properties as the preceding ; one pound of it, according to 
Wolfe, being capable of dyeing 10 pounds of wool; but Hermstaedt could not obtain 
a fine wlour, althou^ he employed 6 times as much of it as oftcochineaL The Turks, 
Armenians, and Cossacks dye with kermes their morocco leather, doth, silk, as well as 
the manes and tails of their horses. 
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Tl» kennes called Cooom fragariiB is found principally in Siberia, upon the root of 
the oonunon Btrawberry. 

The CoooiAS uva vrH is twice the dze of the Polish kermes, and dyes with alum a line 
red. It occurs in Buasia. 

Xermes is found not only upon the lycopodium complanatum in the Ukraine, but upon 
a great many other plants. 

Good kermes^is plump, of a deep red colour, of an agreeable smell, and a rough and 
punj^nt taste. Its colouring matter is soluble in water and alcohol : it becomes yeb 
Lowish or brownish with acids, and violet or crimson with alkalis. Sulphate of iron 
blackens it. 'With alum it dyes a blood-red ; with copperas, an agate-grey ; with 
sulphate of copper and tartar, an olive-green ; with tartar and salt of tin, a lively cin- 
namon-yellow ; with more alum and tartar, a lilac ; with sulphate of zinc and tartar, 
a violet. Scarlet and crimson dyed with kermes were called ffrain colours. The red 
caps for the Levant are dyed at Orleans with equal parts of kermes and madder, and 
occasionally with an addition of Brazil-wood, Kermes is but little used in England at 
present as a dyeing substance. 

BKOrtfRAXi. Pure mineral kermes is regarded by Berzelius, Fucbs, 
and Bose, as an amorphous tersulphuret of antimony. As the preparation has but 
little use in the arts except as an artist’s colour, for its mode of preparation and its 
chemical constitution, wo refer to Watts’s ‘ Dictionary of Clicniistry.’ 

XJDUMtBSZTX. Bed antimony ore, composed of oxygen, 5*29 ; antimony, 74*45 ; 
sulphur, 20*49. It occurs in the form of tufts of cherry-red hair-like crystals, at 
Braunsdorf, near Freiberg, in Saxony, and at a few other localities. 
aumnBXi XOASTXBTG. See Coffer. 

xaXOSZlI'X. A name given to one of the mineral oils, obtained from the oil- 
wells and oil-shales of America, and other places. 

XBMBT. A coarse stuff woven from long wool, chiefly manufactured in the 
north of England. 

xnBBTBCnS* Commonly spelt cassimere. A fine fabric woven plain from the 
finest wools ; a manufacture of the west of EngUnd principally. 

UTCBXnP* A name derived from the Japanese kitjap. It is prepared from 
mushrooms, especially from the Agarwiis campesiris, by sprinkling them with salt, 
letting them dmin, and boiling the juice with spices. Walnut-ketchup is made from 
green walnuts in a similar manner. 

UTOVBS. A class of organic bodies derived from aldehydes by substitution of 
one atom of hydrogen for one atom of an alcohol-radical. For example, acetone is 
acetic ketone ; that is, it may be regarded as acetic aldehyde in which one atom of 
hydrogen is replaced by the radical metliyl. See Watts’s ‘ Dictionary of Chemistr)*.’ 

JKHATA. One of the largest and handsomest trees growing on tlie western 
coast of Africa. The wood is of fine quality, and of a reddish colour like mahogany. 

XXABOCCA WOOD, called also Amboyna wood. This wood is said to be the 
excrescence or burr of the I*terospermum indicum^ or of the Ficrovarpm dracOy from 
the Moluccas, the Island of Borneo, Amboyna, &c. 

XZBBDBi a mining term. A bucket usually made of iron, in which the ore is 
drawn to the surface from the depths of the mine. 

XtDDBBMXVBTBB-CABPBT. A carpeting so called from the place of its 
early manufacture. This kind of carpet is now principally made in Scotland. 
Kidderminster is composed of two webs, each consisting of a separate warped woof. 
The two are interwoven at intervals to produce the figures. The two webs being passed 
intervals through each other, each part being at one time above and the other 
below, it will be evident, when the webs are of different colours, that the figures wilJ 
be the same on both sides, only the colours will be reversed. These carpets should 
be made entirely of wool. 

BLXBBBBZTB. A hydrous sulphate of magnesia, containing MgO.SO^ + HO 
(MgBO^ + It occurs in large quantities in the upper part of the great saline 

deposits overlying the rock-salt of Stassfurt, near Magdeberg, in Prussian Saxony. 
The kieserite is specially characteristic of a zone of the deposits, known as the 
kieserite regiony which occurs below the carnallite, and above the polyhalite region. 
Kieserite forms about 17 per cent, of the salts in that portion of the deposit to 
whidh it gives its niune. It is separated from the associated salts by solution and 
crystallisation. Large quantities of sulphate of magnesia prepared from kieserite 
iure now sent into the market by the Stassfurt manufacturers. 

The first attemjyts to economise kieserite were made in 1864, when it was pro- 
posed to employ it in the preparation of sulphate of potash. Since that time the 
OiT^eationB nave greatly increased, and it has now become an important article of 
eommeioe* 

Ike Ingest quantity of the zav material ie sent to this country, where it takes the 
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place of the sulphate of majOfuesia, formerly manufactured from dolomite, or from Grecian 
magnesite, in cotton printing. Another portion of kieserite is converted into Glauber 
salts, -which, on account of its freedom from iron, are highly prized by gas manu- 
facturers. 

Manufacturers of ^hlancfixe^ employ kieserite, instead of sulphuric acid, to precipi- 
tate the sulphate of baryta from chloride of barium, and in all similar cases where 
it is propos^ to prepare a difficultly-soluble sulphate, the kieserite can be advan- 
tageously used. Kieserite is recommended as a substitute for gypsum in agriculture, 
as a top-dressing for clover, and is largely employed in England for this purpose. 
It is proposed to use kieserite in the manufacture of alum. There is a mineral called 
bauxite, which chiefly consists of the hydmted oxide of aluminium ; this is easily 
dissolved in hydrochloric acid; cheap potash salts and the calculated quantity of 
kieserite are added ; alum crystallises out of the solution, and chloride of magnesium 
remains in the mother-liquid. 

The uses indicated above are wholly inadequate to consume the enormous quantities 
now obtained from the fttassfurt mines. Millions of pounds of kieserite are annually 
brought to the surface, and it is becoming a serious question to know what to do with 
it. If it could be used as a substitute for g)'psum in building materials and cements, 
its cheapness would at once commend it to notice. Experiments looking to this appli- 
cjition have been tried. 

Two equivalents of kieserite and one equivalent of caustic lime were stirred to a 
paste in water; the mass hardened, but remained gninular and brittle. On calcining 
it, however, again pulverising and moi.stening with water, it set to a solid marble-like 
mass, which could be applied to many useful purposes. It is proposed to employ this 
material for ornamental decorations in the interior of houses, and in general for the 
manufacture of cements, and as a substitute for plaster-of-Paris. 

Kieserite appears likely to prove a valuable accession to our supply of useful 
minerals, to bo ranked by the side of kainite, a potash mineral also found at Stiiss- 
furt, and now largely imported into the United States. 

SLXXiBSZCXliWXTli. A variety of Geocronite from Kilbricken, Clare county, 
Ireland. 

UXJMWnenr COAXi. a variety of anthracite. 

XXXiXiAS. The name given by the Cornish miners to the clay slate of that 
district It varies very much in colour and character, being sometimes clay- 
white, and at other times grey or blue. It is in one district soft ; in another compact 
and hard. 

XZXiN', (Four, Fr., Ofoi, Ger.) is the name given to a certain variety of furnace in 
which substances can be submitted to the influence of heat. lu general, a kiln may be 
described to be a structure of some considerable size, in which limestones, iron-ores, or 
the like, can bo calcined, bricks and cement stones burnt, pottery baked, or glass 
annealed. 

The ordinary brick-kiln has been already described in the article Bbicks ; there 
are, however, a few modern arrangements which demand some more especial des- 
cription. 

Honzontal Close Kilns. — These are employed very extensively on the Continent. One 
Is represented in^. 1296. Although intended for bricks, it is often advantageously 
used as an ordinary potter’s kiln, a is the tiring kiln ; b is the fuel-grate ; c the ash- 
pit, and D the chimney. The fire proceeds from the narrow end through the whole 
length of the kiln to the chimney. Below the flue is the door 6, which is bricked up 
during every operation. The perforated wall a a separates the fire-hearth from the 
burning chamber, and diffuses the flame uniformly over the whole front part of the 
chamber ; the position of the fire-grate is found in practice to be exceedingly good, and 
is recommended. The grate is inclined towards the kiln for the purpose of facili- 
tating the addition of fuel. The curve in the roof conducts the flames, without 
interruption, into the burning chamber. The fire-door, e, can be easily drawn up by 
means of the weight o, and the chains passing over the pulleys nn. The flue p, and 
a few others in the side of the kiln, tend to keep the brickwork dry, which is an 
important point in getting up the heat. The heat in all furnaces thus constructed is 
greatest in the neighbourhoc^ of the wall a a ; and to prevent the -vitrification of the 
bricks, a certain quantity of lime is thrown into the front part of the kiln. In such a 
furnace as this, the firing chamber is 3^ foot high and 10 feet long, and a full charge 
is 6,000 bricks. 

Newcastle Kilns are arched kilns or ovens. These have been improved by Mr. C. G. 
Johnson, who constructs a flue running along the back of a range of these kilns, anvl 
instead of placing the chimney at the end farthest from the fire, he places it near the 
fire. A communication is formed between the kilns of the flue running along the hack 
of the range. Suitable dampers regulate tiie heat, which can be drawn through any kiln 
VoL. III. C 
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d, an arch-way for setting and drawing the kilns, made up with bricks daubed -with 
clay, so as to be air-tight while the bricks are burning. The system of firing is the 
same as in the ordinary end firing ovens. The mode of working is simple : No. 1 kiln 
when fired, is put into communication -with No. 2, this kiln having had the opening 
in front closed up, and the damper in the chimney opened. No. 2 kiln acts as a chimney 
to No. 1 during the time that the moisture is being driven oflf from the bricks in it. 
While this operation is going on, No. 3 kiln can be set, and as soon as the moisture 
is expelled from the bricks in the first kiln, communication can he closed with No. 2, 
and that with No. 3 opened. The waste heat will then pass into No, 3. This can be 
repeated as many times as there are kilns, and the firing up of the kiln with the dried 
bricks effected. 

In Hellmann’s brick-kiln, at his works near Hanover, the firing-chamber is 8 feet 
from side to side, 12 feet 8 inches to the top of the arch, and 20 feet 4 inches in length. 
This space, which is much larger than that in the kiln just described, will contain 
24,000 bricks. The mean quantity of coal consumed in firing this kiln is 260 cwts. 
The kiln is heated from 4 grates, which join in the centre. 

The open Dutch kilns are much larger. Heron describes one 51 feet -wide, 110 feet 
long, and 25 foot high, containing 56 layers of bricks, one above the other, consisting 
of more than 3,000,000 bricks, which are burnt in 36 days l)y the flames from 10 fires. 
The Bihl kiln {fig. 1298) used in Waiblingeu is of a similar character. This kiln 
i.s heated by two fires; between the fires and the chimney a there are two working 
cliambers, a lower chamber c for burning, and an upper chamber n for drying the 
bricks. The working chambers and cliimney are sepjirated from each other by per- 
forated arches ; the lower arch a a above the fir(! being perlbrated with 25 apertures 
for the passage of the flames, while between the drying chamber and the chimney 
there are 13 similar passages. The fuel is placed below the chief chamber c and in 
front of it, in a prolongation of the fire channels a a, in which the grates are set. 
iSeveral modifications of the.se kilns have Iieen from time to time introduced, and they 
have boon specially varied to meet the conditions for burning roofing tiles, pipes, &c., 
but in principle they are esseiitiall}'^ the same. 

Hofiniann's Straight Kiln . — The following ^(7. (1290) represents in section a kiln on 
Hoffmann’s sy.stem as arranged by Chamberlain and Wedekind. 

a a is the brick-work of the kiln ; 5, the fire-place at one end, the opposite end 
opening -with a cliimney c, by a flue rf; a number of openings e provided with 
closi'ly-fitting covers are constructed along tlie roof of the kilns for the introduction of 
small fuel. The entire length of the kiln.s having been filled with bricks, in a fit state 
for burning, a fire is liglittxl in the fire-place 5, and air is allowed to enter freely through 
the fire-door. When the heat at this end of the kiln is sufficiently high, fuel is intro- 
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duced through the openings c e on the top. The hot air and products of combustion 
pass along the entire length of the kiln, between the goods stacked in it, gradually 
heats it, and finally passes off by the flue d to the chimney c. So soon as that portion 
of the stacked bricks, into and amongst which the fuel has been supplied, has become 
sufficiently burnt, the further supply of fuel is stopped, and the supply is then carried 
on through other openings e in advance, so as to mingle the fuel with the adjoining 
bricks, -which by this time will be sufficiently heated to ensure the comb-ustion 
of such fuel. Those bricks which have been thoroughly burnt are now allowed 
to cool gradually by the action of the cold air w'hich passes amongst thorn and takes 
up tile caloric, which is transferred to the succeeding bricks on its way to the chimney. 
In this manner the process of burning is continued until the extreme end of the 
kiln has been reached, some of the goods having, in the meantime, been drawn 
and rejdaeed by fresh ones, so that the kiln will bo ready for relighting by the time 
the last of the goods is withdrawn. These kilns may be provided at intervals with 
sliding doors, which extend across the kiln, and subdivide it into a number of separate 
compartments, facility is thus afforded for making use of these compartments as drying 
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diaittben, whilst the other portion of the kiln is burning. The drying may be 
fiBMnlitated by brining hot air from the cooling portions of the kiln into the drying 
ehmber for the time being, by means of a moveable pipe or flue, which may be 
adjusted to any of the holes, c, in roof. When the bricks arc snfficently dry, the doors 
and flue are removed so us to bring them within the direct range of the liot air and 
products of combustion from the burning bricks, jmopiratory to their being fired fnjm 
above. In this arrangement flues provided with dampers should bo employed, leading 
from each compartment to separate chimneys, or to one common flue leading to a single 
chimney, and each compartment should have near its upper part a flue for carrying off 
the steam and vapour, evolved during the process of drying. 

Pottery-kilns are sometimes coiistructod upon this principle, in compartments ; the 
number varying considerably according to the conditions required ; these are not 
usually continuous. The greatest possible heat is required for baking porcelain. The 
porcelain kiln consists of a round chamber, on the floor of which the porcelain vessels, 
enclosed in seggars, are arranged in columns. The flames fill the whole space, cir- 
culating between the columns, and escaping through different apertures in the top of 

the chamber ; from thence they 
enter a secorul chamber, and their 
heat is still suflRicient for baking 
biscuit- ware. Fig, 1300 repre- 

sents the S6vres porcelain kiln. 
The kiln is surrounded by four 
separate fires a a, which first heat 
the space l, which is intended for 
completely burning the porci'lain ; 
the upper chamber l' ]>eing used 
for baking the biscuit; while the 
third space i/'may be used for tlio 
same purpose, or for drying llie 
Beggars, the flame eseaping through 
the chimney c. The hearths of 
the porcelain kiln are peculiar ; 
tliey are constructed without any 
grate, and built in such a manner 
that the draught is forced to take 
a contrary direction to tliat wliieh 
it usuall}’' tiikes in otlier kilr.s. 
The space c is filled with red-liot 
fuel, which is passed in through 
the aperture 6, and conjpletttly till 
tlio space /. The draught in the 
first instance is downward, in tlu! 
direction of the arrow, through //, 
and the spaces between the fuel in 
/and c; this creates a long flanu*, 
which escapes through p into the 
chamber l. The round aperture o 
is usually closed with a clay 
stopper; through this opening tlie 
fire IS stirred ; h, at the foot of the 
hearth is used for removing tlio 
ashes when necessary, the draught being always regulated by the lid //. The flue is divi- 
ded 1^ three tongues into three ciiannels in order that the flame may be dispersed ; d 
and B are the doors for the insertion of the goods. In the arched covering of the space 
L twenty-five apertures 1 1 are left to conduct the flame into the chamber l'. Anv 
single opening would draw all the flame together— the object is to spread it. Half the 
number of openings are made in the roof of l' t' V, for a similar purpose. Small 
openings are made in the walls of the chamber l, through which the colour of the fire 
may l)e watched. The whole of the kiln is bound together with iron bauds to prevent 
its falling to pieces. Such furnaces are usually 20 feet in diameter, they are con- 
structed internally with fire-stone, aud surrounded on the outside with bricks. 

So^manuCs Continuous Kiln. — Fig, 1302 represents a vertical section, and/^. 1301 
a s^ional plan of a continuous kiln, combing with a second or inner chamber, by 
Bdikdi dnr or warm air may be taken from any of the heated chambers of the kiln to 
a^of the other chambers, for the purpose of drying green bricks or other articles 
mm which it is desired to drive off the moisture, u, the brickwork of the kiln, a 
ef the annular burning and diying space of which may be shut off or sepi- 
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rated from the rest by two moveable diaphragms, 6, h\ to form a drying chamber. 
The entire kiln is capable of being subdivided into a number of compartments, 
numbered in fig. 1301 from 4 to 10 inclusive, although any other number maybe used. 
Each compartment is provided with a door at r, through which the goods are intro- 
duced and removed. From the upper part of the several compartments extend a 
series of flues, d d, converging towards, and opening into, an annular smoke-chamber, 
e, which surrounds the chimney,/, and communicates therovith by the passages or 
openings, g. The inner ends of these flues inside the smoke chamber are closed or 
left open l)y means of conical plugs, k k, which, by being elevated, will regulate the 
amount of opening of the flues. A closed man-hole, /, fig. 1302, is made in each of 
tlieso flues for the facility of cleaning. Valves, k {fig. 1301), connect any one of these 
flues, when open, with the annular passage, Z, for dry or warm air, the bottom of the 
passage communicating, by means of valve w, with the flues, w, which lead from the 
lower portion of the compartments of the kiln to the smoke chamber, before referred 
to. These flues, are also provided with conical plugs or dampers, o, similar to 
those which are fitted on to the inner ends of the flues, d. 

In fig. 1301 the chambers 4 and 5 are represented as being shut off from the doors, 
Z>, Z/, and are supposed to contain green bricks ; the chamber 6 is being filled whilst 
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the goods are being removed from chamber 7 ; the chambers 8, 9, and 10, all contain 
l)ur?it goods in the act of cooling ; whilst the other chambers are beingfired, the hot air 
therefrom passing through the goods in the chambers 1 and 2 (not shown), and being 
obstructed by the door, from entering the drying-chambers 4 and 5 direct, it passes 
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by the bottom flue, «, of the series direct to the smoke-chamber, e, and thence to the 
chimney, the plug or damper, being more or less open for that purpose according to 
1 he draught required. The fresh air enters by the doors, c c, rasses through the 
heated goods in the chambers 7, 8, and 9, thereby cooUng the goods, and at the same 
time taking up the caloric. A portion of this air so heated passes onwards through 
the chambers 10, 11, 12, 1, 2, and thence by the flue, fi, to the chimney, whilst 
another portion enters one of the flues, at ths mouth thereof, and as the plug or 
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yaItc, a, on the inner end of this flue is closed, the heated air enters by the open 
valve, A:, in the annular chamber or passage, 1. The warm air then traverses the 
chamber, passeB through the only open valve, m, of the series into the flue, w, of 
the series, the end of which in the smoke chamber is closed by the valve, o, and 
thence to the drying-chamber, 4, and chamber, 3, and finally escaping at d by the 
flue and open plug or valve, into the smoke chamber, c, and chimney,,/'; the whole 
of the valves. A, o, A;, apd m, are kept closed, except, those w^hich aro in connection 
with the flues for the time being ; and, so soon as the goods in the drying-chambers 3 
and 4 are sufficiently dry for burning, the doors, A, are removed, and replaced at //, 
exposing the bricks in the chamber 3 to the direct action of the heat from the kiln- 
fires, whilst the chamber 5, just filled with green bricks, forms, wit h the chamber 4, 
a drying-chamber. A fresh set of valves or dampers is now opened, and the opera- 
tions of burning and drying proceed in a continuous manner. 

Kilns for special purposes demand especial contrivances ; but, usually, they are in 
principle like one or other of those which have been described. Por Malt-Kiln, see 
Matt . 

UJAjbRXBOS C3^A.T or SBAZiZS. The sands which underlie the Portland 
stone of Dorsetshire and tlio south-west of England are based upon a considerable 
thickness of dark brownish- or bhiisli-grcy clay, to which the tenn Kimeridge Clay 
has been given by geologists from the circumstance of its being largely developed and 
well displayed in the neighbourhood of tJie rillagc of that name. 

Throughout the Isle of Purbeck, but especially in the part of it in question, the clay 
assumes a very slialy and bituminous character, sometimes passing into more massive 
beds of brownish shaly coal, possessing a eonclioidal fracturt;. 

The Eomans, and also the Celts who inhabited the country previously to its inva- 
sion by the former nation, appear to have manufactured the liarclcr portions of the 
shale into cups and other articles, but chiefly into beads, arraletjs, and l)racelots, 
specimens of which last have been found in Ukj neighbouring l»arrows, in some cases 
still encircling the wrists of skeletons. 

Circuhir discs of shale, about the size of a penny piece, have also been dug up in 
great numbers in this part of the Isle of Purbeck : as many as 600 were, upon one 
occasion, found closely packed t ogether. 

^ Authorities have been much divided in opinion as to the origin and use of thes(< 
circular pieces of shale. By some they are supposed to have passed current as money 
or tokens, whence the name of Kimeridge coal-money, by which they aro commonly 
known, has been applied to them ; but the most probable supposition is, that they 
wore the portions of the material fixed to the lathe, and left adhering to it after the 
armlets or other ornaments of a similar description had been turned from their outer 
circumferences, and that at some subsequent period these refuse ])ieees of the turner 
were worn as amulets or charms by the superstitious. 

The shale around Kimeridge alK)unds in animal and vogtitable matter, the former 
consisting of the shells of oysl,ers, ammonites, &c., b^gotlur with the bones and teeth 
of l^e saurians and fish ; while the latter is in so finely divided a state as not to 
be distinguishable to the eye. Much carbonate of lime and pyrites are also present, 
especially in Utose portions in whicli animal remains are most abundant. 

The variation in the external character of the shah; is accompanied by a corre- 
sponding variation in the relative proportions of mineral and organic rnatter eoritaimri 
in it those portions which are the mose fissile and slaty containing a large proport ion 
of mineral matter combined with a relatively small proportion of organic matter * 
while, on the other hand, in the harder and more massive portions which break witli 
a conchoidal fracture, the organic matter is greatly in excess of the mineral njatter, as 
is shown by the following analyses : — 



Grc'yisli.green delicately flfssile 
Bhftlc! 

A 

Brown shaJe 
with conchoidal 
fracture 

Amount of volatile matter . 

19-61 

62*8 

- 

73-3 

» „ minezal matter . 

80-49 

47*2 

26-7 


10000 

100-0 

100-0 


^ When heated the shale mvas off copious fumes of a disagreeable odour rosembliu^r 
tte of petroleum ; and wten ignited it burns of itself with a dull smoky fiam^ 
mwwft when fyeelj exposed to the atmosphere, a reddish ash, which generallv rel 
' taini uie ihroi of the original fragments 
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Th^ shitle has long been used for fuel by the people of the district where it occurs, 
nnd the ashes left after combustion have long been known to the farmers on the coast 
to exercise a beneficial influence upon their crops, especially turnips ; but the unplea- 
sant smell given out by it when burning has prevented it from being used, except by 
the p)orer inhabitants. 

The composition of this gas, freed from carbonic acid and sulphuretted hydrogen 
by passing through an ordinary lime purifier, was as follows : — 


Olefiant gas and congeners 

. • • • • 

. 10-0 

Light carburetted hydrogen 

and hydrogen 

• • • • • 

. 79*0 

Carbonic oxide • , 

. 11*0 



100*0 

The composition of the coke produced 

was 


Carbon . . . , 

. 73*4 . 

. 72*8 

Ash • ■ • • 

. 34*3 . 

. 30*3 


107*7 

103*1 


The excess above 100 arises ftom the presence of sulphides in the coal, which 
during the process of incineration absorb oxygen, and are converted into sulphates. 

A ton of shale furnished 11,800 cubic feet of this purified gas, the- illuminating 
y)Ower of which, used in the argand burner, consuming 6 cubic feet per hour, equalled 
that of 20 sperm candles, while the percentage of coke remaining was 36*5. 

The liquid ami solid products obtained by the distillation of the shale at a low tem- 
perature, are an offensively smelling, diirk brown oil, suspended in an aqueous liquid, 
charged with sulphuretted hydrogen, carbonic acid, and ammonia. 

This oil, purified and distilled with water, furnished an oily liquid heavier than 
water ; a tai’-like residue being left in the retort. 

The oily liquid which, when purified, gives out the odour of the finest varieties of 
coal-gas naphtha, is a mixture of several chemical substances. 

When trejitod with concentrated nitric acid, this oily liquid is divided into two 
jtortions, one of which is dissolved by the acid, while the other insoluble portion 
floats on the surface of the solution in the form of a light colourless oily liquid, 
rpseml)ling in its general character the hydrocarbons of Boghead coal-tar, and of 
petroleum. The nitric solution which forms the larger proportion of the oily liquid, 
when mixed with water, furnishes a dense, heavy, yellowish oil, with the odour of 
nitro-benzol. 

Hence it appears tliat the oily liquid obtained by the distillation of the shale con- 
sists chiefly of benzol and its homologues, mixed with small quantities of petroleum 
hydrocarbons. AVlieii sufficiently purified it is applicable for all the purposes for 
which benzol is employed, for dissolving India-rubber and gutta-percha, for re- 
moving stiiins from fabiics, for preparing varnishes, for making artificial oil of 
almonds, &c. 

On subjecting to distillation without water, and at a rather high temperatime, 
the oily tar-like residue remaining in the retort after the crude volatile oil is ob- 
tained by heat from the shale, had been distilled with water, other volatile products 
are obtained. 

The first portion of the oil obtained during the distillation is of an amber colour 
when first distilhid, and much less limpid than the oil produced by distillation with 
water. It also possesses an offensive sulphurous smell, which, however, is lost on 
exposure to the air, while the oil assumes a much darker colour. This oil is acted 
upon by sulphuric, nitric, and hydrochloric acids, by which, especially by the first, a 
portion of it is resinified. 

The remaining portion of the oil, when washed with water and afterwards dis- 
tilled with steam, furnishes a perfectly colourless oil with the properties of paraffine. 
This hist oil, which forms but a small portion of the original oil, behaves in all 
respects like the paraffine oil obtained from Boghead cannel coal, and is applicable 
to the lubrication of machinery, and all the other purposes to which that liquid is 
applied. 

The black, pitch-like, coky residue left in the retort resembles in general character 
the coke producetl from coal in the manufacture of gas. 

Tlie ash of the incinerated coke contains nearly the same proportions of silica, 
alumina, and iron, as Portland cement. The following is an analysis of the ash left 
by the shale, which contains the larger amount of mineral matter 
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Aah of Dorsetshire shale Portland oemeol 


Insoluble residue . 


. 29*01 


Peroxide of iron . 


. 7*10 

5*30 

Silica . 


. 21*75 

22*23 

Alumina 


. 10*60 

7*75 

Lime . 


. 20*62 

54*11 

Carbonic acid 


. 10*92 

2*15 



100*00 

91*54 


Some few years since works were established at Wareham, for the purpose of 
extracting naphtha, and other products, from the shale by distillation ; but the 
manufacture was abandoned in consequence of the impossibility of destroying the 
smell given out by the naphtha. We learn (1874) that the works are to be resumed. 

The treatment of the shale at Wareham, according to Mr. John C. Mansel, was 
conducted in the following manner : — 

The retorts were charged with about 6 cwts. of shale, prevously broken into pieces 
about 2 inches square, and the temperature was maintained as nearly uniform as pos- 
sible. In order to obbiin the required uniform temperature the retorts were constructed 
so as to have backs of lead. The gas formed in the retorts was then condensed by 
means of a leaden worm, and the product was a crude oil ; a large quantity of gas was 
made during this operation, which was not condensed, but used for ordinary purposes. 
The crude oil was allowed to stand in long tanks for 48 hours, for the purpose of 
letting the ammoniacal water (of which there is a large quantity) subside. The oil 
was then put into a still and rectified once or twice as the case might be. The first 
product was a light oil, making overproof 75° ; the next products were heavy oils, con- 
taining paraffine. 

The shale, on being taken out of the retorts, was placed in close vessels, and when 
cool was ground in a mill for manure. In its unmanufactured state the shale was 
not sufficiently rich in ammonia for this purpose ; but at this stage the artificial 
manure was said to be as valuable as Ichaboe guano, both having been recently 
analysed for the purpose of comparison. By keeping the temperature low in the 
retorts, neither the phosphates nor the organic matter were destroyed. 

XJJantZlIOS C0A&. See Kimebidge Clay or Shale. 

XZVCI'8 MXtUM. See Blue Piomekts. 

JCnrCWTOH’S SEBTAXi. An alloy which is known as Kingston's metal is 
much used for the bearings and packings of machinery. James Pole Kingston 
patented in 1853 the use of an alloy which he specified as prepared in tlic following 
manner : — 

An alloy, consisting of copper 9 lbs. and tin 24 lbs., is first melted ; then 9 lbs. of 
mercury are added, and the whole combined. When cooled, it is ready to be used. 

UirO'8 TBXiXiOW. A mixture of arsenious acid and orpiment, used as a pig- 
ment. 

XnrO-WOOD is imported from the Brazils, and is sometimes called violet 
wood. This is one of the most beautiful of the hard woods, and is used in small 
cabinet work. 

XUnO ACD. A peculiar acid extracted by Vauquelin from cinchona. 

WO is an extract obtained most probably from the Pterocarpus Ttiarsupimn, 
which grows on the Malabar coast. In India kino is used for dyeing cotton a nankeen 
colour. It is of a reddish-brown colour, has a bitter styptic taste, and consists of 
tannin and extractive, 75 parts, and a red gum 25 parts. It is used only as an 
astringent in medicine. Kino is often called a gum, but most improperly so. 

MXBm A Malacca weight for tin, of 40 lbs. 11 oz. avoirdupois. — Simmonds. 

WXBMm The tanners call the skins of young animals kips. The skins of full- 
grown cattle of small breed are also so called. See Leather. 

is an alcoholic liquor obtained by fermenting and distilling 
bruised cherries, called Kirschen in German. The cherry usually employed in Switzer- 
land and Germany is a kind of morello, which on maturation becomes black, and has 
a kernel verv large in proportion to its pulp. When ripe, the fruit, being made to 
fall by switching 3ie trees, is gathered by (ffiildren ; thrown promiscuously, unripe, ri pe, 
and rotten into tabs ; and emshed either by hand, or with a wooden beater. The 
mashed materials are set to ferment ; and, whenever this process is complete, the 
whole it transferred to a still, and the spirit is run off, by placing the pot over the 
eommon fireplace. 

The femented mash is usnally mouldy before it is put into the alembic, the capital 
of wluch if luted on with a mixtuxe of mnd and dung. The liquor has accordingly, for 
tfie moot part, a rank smell, and is most dangerous to health, not only from its own 
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crude essential oil, but from the prussic acid derived from the distillation of the cherry- 
stones. 

There is a superior kind of Kirschwaaser made in the Black Forest, prepared with 
fewer kernels, from choice fruit, properly pressed, fermented, and distilled. 

XXRWAirZTB. A mineral found in btisalt on the north-eastern coast of Ireland, 
consisting of silica, lime, alumina, and protoxide of iron. 

XZ8B. A workman’s name for the crystalline scales of graphite, which separate 
from certain kinds of cast iron on cooling; 

xnra-C&BAHZiro BKACBZITBS. Mr. Kent’s machine for this purpose 
consists of a box or case, containing a couple of wooden discs, fixed near to each other 
upon a horizontal iron rod or spindle, which passes through the case, and is caused to 
rotate by means of a winch-handle. Each disc is, for about three-fourths of the area 
of its inner face, covered with alternate rows of bristles and strips of leather; and the 
remaining fourth part is covered with bristles only. The knife-blades to be cleaned 
are introduced through the openings in the case, between the rubbing surfaces of the 
discs ; and rotatory motion being given to the discs by a winch-handle, the knives are 
rapidly cleaned and polished. 

Mr. Masters constructed knife-cleaning machines upon the same plan as the above; 
but the rubbing-surface of each disc is formed of strips of buff leather, with only a 
narrow circle of bristles around the edge of each surface, to clean the shoulders of the 
knives ; small brushes are fixed beneath the holes in the case, through which the 
blades of the knives are inserted, to prevent the exit of dust from the apparatus. 

Mr. Price has also devised a machine for cleaning knives, and another for cleaning 
forks. The knife-cleaner consists of a horizontal drum, covered with pieces of leather 
or felt, and fixed within another drum or circular framing, lined with leather or felt. 
The knives are introduced through openings, in a moveable circular plate, at the front 
of the outer casing, and enter between the surfaces of the two drums. The plate is 
fixed upon a horizontal axis, which extends through the case, and is furnished at the 
back with a handle; by turning which the disc is caused to rotate and carry round the 
knives between the surfaces of the drums. The fork-cleaner consists of a box, with a 
long rectangular opening in the side ; behind which twobnishes are fixed, face to face. 
Between those brushes the prongs of the forks are introduced, and the handles are 
secured in a carrier, which is made to advance and recede alternately by means of 
a throw-CKink, and thereby thrust the prongs into and draw them out of contact with 
the brushes. The carrier consists of tw'o metal plates, the lower one carrying a cushion 
of vulcanised India-rubber for the fork handles to rest upon, and the upper being lined 
with leather ; they are hinged together at one end, and are connected at the other, 
when the handles have been placed between them, l)y a thumb-screw. 

XirOXilLS. A mining term in Germany for l^ad ore separated from the smaller 
parts. 

XirOPPBRBT are excrescences produced by the puncture of an insect upon the 
flower-cups of several species of oak. They are compressed or flat, irregularly -pointed, 
generally prickly and hard ; brown when ripe. They abound in Styria, Croatia, 
Slavonia, and Natolia ; those from the latter country being the best. They contain 
a great deal of tannin, are much employed in Austria for tanning, and in Germany for 
dyeing fawn, grey, and hl.ack. See Galls. 

XOZVO-BSMP. The name in the Moluccas for the Manilla hemp, or rather for 
the fibres of the >vild plantain of those islands, the Musa textUis. 

XOB&-RiLBBZ. A variety of cabbage {Brassica oleracm)^ in which the stem 
enlarges into a fleshy excrescence, resembling a turnip. 

BOBJL BUTS. The bitter seeds of certain species of Stercvlia, highly esteemed 
for their medicinal properties by the tribes on the Niger. 

KOUMISS is the name of a liquor which the Kalmucks make by fermenting 
mare’s milk, and from which they distil a favourite intoxicating spirit, called rack or 
rocky. 

The milk is kept in bottles made of hide till it becomes sour, is shaken till it casts 
up its cream, and is then set aside in earthen vessels, in a warm place to ferment, no 
yeast being required, though sometimes a little old koumiss is added. 21 lbs. of milk 
put into the still afford 14 oz. of low wines, from which 6 oz. of pretty strong alcohol, 
of an unpleasant flavour, are obtained by rectification. 

KOUBZB WOOD. The wood of the New Zealand pine, Dammara Australia^ one 
of the most magnificent of the coniferous woods. It is also called cowdw and kauria 
wood. It is much used for the masts of ships. 

KBAMBBTA. A shrub, which is a native of Peru, yielding the well-known 
rhatany root, often used as a dentifrice. 

BIUBOSOTB. See Cbbosutk. 

PUATOZATB. See Cbtolitb. 
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JCracVl on. An oil expressed from the seeds of the Aleurites trilolta, or candle- 

nut tree. It is used as an artist’s oil. 

This is the tough fibrous rhizome of an Indian grass. It is woven 
into a fabric called tatty in India; it has an extensive use in the manufacture ot 
awnings, blinds, and sunshades ; these are often sprinkled with water during the- net. 
seasons, which, by evaporation, cools the air in the ajmrtmeut, and at the same time 
imparts an agreeable odour. 

XTAMXTB. A stone, which is sometimes blue and transparent. It is then em- 
ployed as a gem; it resembles sapphire. Its chemical composition is, silica, 37*0 ; 
alumina, 63*0. 

STAJfZZZVCk A process for presondng wood, successfully carried out by the 
late Mr. Kyan of New York. A solution of corrosive sublimate is forced into tin? 
pores of the timber. This chloride of mercury combines with, and coagulates the 
vegetable albumen, and thus renders the w'ood impendous to air or moisture. 

XTAVOSb. The old name of aniline. It was applied by Kunge to the base from 
coal-tar. 

XTROSZTE. A sulphide of copper containing traces of arsenic, from Briccius, 
near Aunabeig, in Saxony. 


L 

rXiXriD. A solution of chloride of soda, occasionally used 
in bleaching. See Ohloeidk of Lime. 

JbABDAXnTlIZ. A resin found on the leaves of the Cisfus Crciicus, in Candia. 
It is used in perfumery and for jjastiles. 

EABRAEORZTE, or XiASRABOR FEZiSPAR, is a beautiful mineral, with 
brilliant changing colours, blue, red, and green, &:c. Si)ec. grav. 2’ 70 U) 2 ' 70 . 
Scratches glass ; affords no water by calcination ; fusible at the blowpipe into a 
frothy bead; soluble in muriatic acid; solution affords a copious precipitate with 
oxalate of ammonia. Cleavages of 93-^® and 86.J® ; one of wdiicli is brilliant ami 
pearly. Its constituents are, silicii, 5fy7o; alumina, 26'5 ; lime, 11 ; soda, 4; oxide 
of iron, 1*25; water, 0*5. 

Labradorite receives a fine polish, and the Ijcaiity of its chatoyant reflections re- 
commends it as an article of ornament. — H.W.B. 

In addition to the play of iridescent colours exhibited on the bnichydiagon.'il 
cleavage-plane of labradorite, the mineral usually presents an aveiiturine-Jikc appear- 
ance due to the enclosure of microscopic scales and crystals {microlitha). The miiuite 
structure of labradorite has recently been studied by Schrauf, of Vioiina, and other 
mieroscopists. See Felspar. 

E A B RA ROR TEA. An infusion of the leaves of Ledum pal usirc and />. laH- 
folium^ drunk in parts of North America. 

SbAElTRErAM. Cytims Laburnam. {Arhois coimmm^ Fr. ; (iiohlreaen^ Ger.') 
The wood of the laburnam-treo is sometimes used in oniciiiiental cabim-t-work and 
in marquetry. ‘In the laburnam there is this peculiarity, namely, that tlie me- 
dullary plates, which pe large and very distinct, are vdiit-e, whereas the fibres 
are a dark brown — a circumstance which gives an extraordinary appearance, to this 
wood.^ — Aikin. 

ZARTRZRTK, in Metallurgy^ means a series of canals distributed from the lead 
of a stamping-mill; through which canals a stream of water is traiismittml for sus- 
pending, carrying ofl^ aud depositing, at different distances, the ground ores. 8ee 

Bbbsstkg of Obes. 

XJkOa {Laquef Fr. ; Lack, Lackfarhen, Ger.) A resinous substance produced 
by the puncture of a peculiar female insect, ciilled Coccus lacca or Jicus, upon the 
branches of several plants ; as the tHcas rdigiosa or the pei)el tree, the F. Indica, tlu'. 
BhamntLBjujyha, the Croton laaciferum or bihar tree, and the liutcafrondosa, the l>hak, 
w^hich grow in Siam, Assam, Pe^, Bengal, and Malabar. The twig becomes thereby 
incrusted with a reddish mammillated resin, having a crysttilline-looking fracture. 

The female lac-insect is of the size of a louse; red, round, flat, with 12 abdominal 
cireles, a bifurcated tail, antennae, and 6 claws, half the length of the body. The male 
is twice the above size, and has 4 wings ; there is one of thorn to 6,000 females. In 
November or Becember the young brood makes its escape from the eggs, lying be- 
neath the dead body of the mother ; they crawl about a little way, and fasten them- 
selves to the bark of the shrubs. About this period the branches often swarm to 
such a degree with this vermin, that they seem covered with a red dust ; in this case, 
they are apt to diy up, by being exhausted of their juices. Many of these insects, 
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however, become the prey of others, or are carried off by the feet of birds, to which 
they attach themselves, and are transplanted to other trees. They soon produce 
small nipplo-like incrustations upon the twigs, their bodies being apparently glued, 
l)y means of a transparent liquor, whic.h goes on increasing to the end of March, so 
as to form a cellular texture. At this time the animal resembles a small oval bag, 
without life, of the size of cochineal. At the commencement, a hcautiful red liquor 
only is perceived, afterwards eggs make their appearance ; and in October or Novom- 
l>er, when the red liquor gets exhausted, twenty or thirty young ones here a hole 
through the back of their mother, and come forth. The empty cells remain upon the 
branches. Those are composed of the milky juice of the plant, which servos as nourish- 
ment to the insects, and which is afterwards transformed or elaborated into the red 
colouring matter that is found mixed with the resin, but in greater quantity in the 
bodies of tho insects, in their eggs, and still more copiously in the red liquor secreted 
for feeding tho young. After the brood escapes, the cells contain much less colouring 
matter. On this account, the branches should bo broken off Ixiforo this happens, ami 
dried in the sun. In the blast Indies this operation is performed twice in the year ; 
the first time in March, tho second in October. Tho twigs enenisted with the radiated 
cellular substance constitute tho stick-lac of commerce. It is of a red colour more or 
loss deep, nearly transparent, and hard, with a brilliant conchoidal fracture. Tho 
stick-lac of Siam is the best; it often forms an incnistatiori fully one quarter of an 
inch thick all round the twig. The stick-lac of Assam ranks next; and, last, that of 
Bengal, in which the resinous coat is scanty, thin, and irregular. There are throe 
kinds of lac in commeret; : stick-lac, which is the substance in its natural stale, seed- 
lac, .'Jiul shell-lac. According to the aiial3"sis of Dr. John, stick -lac consists of- 


An odorous common rosin 80*0(1 

A rosin insoluble in other 20*00 

Colouring matter aDal(»gous to that of cochineal . . , 4*50 

Bitter balsamic matter ....... 3*00 

Dun yellow extract 0*60 

Acid of tho stick-lac (laccic acid) 0'7o 

Fatty matter, like wax 3*00 

Skins of the insects, and colouring matter .... 2*50 

Salts 1*25 

Earths 0*75 

Loss 4*75 


120*00 

According to Franke, the constituents of stick-lac, are, resin, 65*7 ; substance of 
the lac, 28*3 ; colouring matter ()-6. 

Seed-lac . — When the resinous concretion is taken off the twigs, coarsely pounded, 
and triturated with water in a mortar, the greater part of the colouring matter is dis- 
solved, and the granular portion which remains being dried in the sun, constitutes 
seed-lac. It contains of course less colouring matter than tho stick-lac, and is much 
less soluble. Mr. Ilatchott’s analysis of seed-lac was as follows : — 


Besin . . 68 

Colouring matter , . . . . . . .10 

W.ax , . 7 

Gluten. . 5*5 

Foreign bodies 6'5 

XiOss 


100 

John found in 100 parts of it, rosin, 66*7 ; wax, 1*7 ; matter of the lac, 16*7 ; bitter 
balsamic matter, 2*5 ; colouring matter, 3*9 ; dun yellow extract, 0*4 ; envelopes of 
insects, 2*1 ; laccic acid, 0*0 ; salts of potash and lime, 1*0 ; earths, 6*6 ; loss, 4*2. 

Shell-lac, —In India the seed-lac is put into oblong bags of cotton cloth, which are 
held over a charcoal fire by a man at each end, as soon as it begins to melt, tho 
bag is twisted so as to strain the liquefied resin trough ite substance, and, to make 
it drop upon smooth stems of the banyan-tree {Musa paradisa'). In this way, tJie 
resin spreads iriU) thin plates, and constitutes the substance known in commerce by 
the name of shell-lac. 

The Pegu stick-lac, being very dark coloured, furnishes a shelMac of a oonespoad- 
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ing deep hue, and therefore of inferior value. The palest and finest shell -lac is brought 
from the northern Cfircar. It contains very little colouring matter. A st ick-lac of an 
intermediate kind comes from the Mysore countrj^ which yields a brilliant lac-dyo 
and a good shell-lac. 

8heU4ac, by Mr. Hatchett’s analysis, consists of rosin, 90'5 ; colouring matter, 0*o ; 
wax, 4 0 ; gluten, 2*8 ; loss, I S ; in 100 parts. 

The remn may be obtained pure by treating shell-lac with cold alcohol, and filtering 
the solution in order to separsite a yellow grey pulverulent nuitter. Wlien the alco- 
hol is again distilled off, a brown, translucent, hard, and brittle resin, of specific gravity 
1*139, remains. It melts into a viscid mass with heat, and diffiis(?s an aromatic 
odour. Anhydrous alcohol dissolves it in all proportions. According to John, it con- 
sists of two resins, one of which dissolves raadily in alcohol, ether, the volatile and 
fat oils; while the other is little soluble in cold alcohol, and is insolulde in other and 
the^ volatile oils. Unverdorben, however, has detectxHl no less than four different 
resins, and some other substances in shell-lac. Shell-lac dissolves wdth ease in dilnio 
muriatic and acetic acids, but not in concentrated sulphuric acid. The resin of shell- 
lac has a great tendency to combine with salifiable bases ; as with caustic potash, whicli 
it deprives of its alkaline taste. 

This solution, whicli is of a dark red colour, dries info a brilliant, transparent red- 
dish bro^ mass; which may be re-dissolved in both water and alcohol. Ily passing 
chlorine in excess througli the dark-eolourcd alkaline solution, the lac-resin is precipi- 
tated in a colourless stat'. AVhen this precipitite is ■svasl)cd and dried, it forms, with 
alcohol, an excellent pale-yellow varnish, especially with the addition of a little tur- 
pentine and mastic. 

With the aid of heat, shell-lac dissolves readily in a solution of borax. 

The substances which Unverdorlien found in shcll-lae are the following: — 

1. A rosin, soluble in alcohol and ether; 

2. A resin, soluble in alcohol, insoluble in ether; 

3. A resinous body, little soluble in cold alcohol ; 

4. A cr3'8tallisable resin ; 

soluble in alcohol and ether, but insoluble in petroleum, and uncrys- 

7* coccus insect, as well as oleic and marganc acids. 

8. The laccine of Dr. John. 

9. An extractive colouring matter. 


Shell-lac is largely used in the manufacture of sealing-wax and varnishes, and for 
japanning. 

iAC-BTU, or Cake-lac, is the water}' infusion of the ground stick-lac, 

eva^rat^ to diyness, and formed into cakes about two indies square and Inilf an 
inch thick. Dr. John found it to consist of colouring matter, r>0 ; resin, 25 • and 
solid matter, composed of alumina, plaster, chalk, and sand, 22. 

of Madras, states tJiat he prepared a very superior lac-dye from 
of the '* '‘Italiae decoction of the dried loaves 

Veuw; (Pwhaps the M. .apilellafum, from which tlie natitvs of 

^iabar and Ceylon obtain a saffron-yellow dye> This solution being used along 
’i saturated solution of tin in muriatic acid, was found 
to dye wooUon cloth of a very brilliant scarlet hue. 

fhJ. ^•ff*'** imiHirted from India, stamped with peculiar marks to designate 

their different manufacturers (tic h,m DT, the second JMcIl, the third CE), ar.- now 
employ^ in England for dyeing scarlet cloth, and are. found to yield an equally bril- 

oSiuM tT /'■“ ixirspiration than that produced by 

I ’’’f tntriKluced, sulphuric acid was the solvent 

(hydrochloric) acid has been found 
^ “‘“"‘.“opplantod it- A good toliient (No. 1) for this 

of dissolving 3 pounds of tin in CO pounds of muriatic acid, 

* !?• Jhe proper -iMirdant for the cloth is made hy mixing 27 
of mumatic acid of sp gr. M7, with 1} pound of nitric acid of 1-19 ; pSfting 
ml “tinTllTit. ml Stone bottle, and adding to it, in small bits at a time® 

i K ^‘ssolred. This solution (No. 2) may be used within 

has liecome rold and clL. For dyeing • 
f » P'“h the solvent No. 1 is to bo poured upon each pound the 

to digest upon it for six hours. The cloth Wore 
dwlM l’*.“”“™d in the mill with fuller’s earth. To 

jildwlimftil'^ ml”* gallons capacity should be filled 

MM^ lxunfftl of water, and a fire bndled under it. Whenever the temperature 
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rises to 160° Fflhr., a handful of bran, and half a pint of t he solution of tin (No. 2) 
are to he introduced. The froth, which rises as it approaches ehullition, must be 
skimmed off; and when the liquor boils, 10^ pounds of lac-dye, previously mixed with 
7 pints of the solvent No. 1, and pounds of solution of tin No. 2, must he poured 
in. An instant afterwards, 10^ pounds of tiirtar, and 4 pounds of ground sumach, 
both tied up in a linen bag, are to be suspended in the boiling-bath for five minutes. 
The fire being now withdrawn, 20 gallons of cold water, with 1 0^ pints of solution of 
tin being poured into the bath, the cloth is to be immersed in it, moved about rapidly 
during ten minutes ; the fire is to be then re-kindled, and the cloth winced more 
slowly through the bath, which must be made to boil as quickly as possible, and 
mainteined at that pitch for an hour. The cloth is to be next washed in the river ; 
and lastly with water only, in the fulling-mill. The above proportions of the ingre- 
dients pixiduce a brilliant scarlet tint, with a slightly purple cast. If a more orange 
hue be wanted, white Florence argal may be used, instead of tartar, and some more 
sumach. Lac-dye may be substituted for cochineal in the orange-scarlets. 

To determine the tinctorial power of lac-dye by comparison with proved samples, a 
dye-bath is prepared as follows : — 5 ^ains of argal, 20 grains of flannel or white cloth, 
6 grains of lac-dye, 6 grains of chloride of tin, 1 quart of water. Heat the water to 
the boiling point in a tin or china vessel ; add thereto the argal, and then the piece of 
cloth or flannel. Weigh off 6 grains of the Inc-dyn and pulverise it in a Wedgu'ood 
morhir, with the 6 grains by measure of chloride of tin, and pour the whole into the 
hot liquor containing the cloth, taking care to rinse the mortar with a little of the 
hot liquor; keep the whole boiling for about half an hour, stirring the cloth or 
flannel about with a glass rod ; then withdraw the cloth, wash and dry it for com- 
parison. 

ILACCXC ACID crystallises, has a wine-yellow colour, a sour taste, is soluble in 
water, alcohol, and ether. It was extnicted from stick-lac by Dr. John. 

ILACCnrs is the portion of shell-lac which is insoluble in boiling alcohol. It is 
brown, brittle, translucid, consisting of agglomerated pellicles, more like a resin than 
anything else. It is insoluble in ether and oils. It has not been applied to any use. 

Glacis BA&X« The reticulated bark of the Laxjclta Imtearia. This splits into 
fibres, which resemble lace. Lagette cloth has been imjKirted into this country ii ml er 
tile name of guana. The fibres of the lagetta bark possess great strength, and have 
been used in the West Indies for making ropes, wliips, &c. 

BACXi MAjrUTACTU&B. The pillow-made, or bone-lace, which formerly gave 
(x*cupatiori to multitudes of women in their own houses, has, in the progress of me- 
chanical invention, been nearly superseded by the bobbin-net lace, manufactured at 
first by hand-machines, but recently by the power of water or steam. Bobbin-net 
may be said to surpass every other branch of human industry in the complex ingenuity 
of its machinery ; one of Fisher’s spotting frames being as much beyond the most 
curious chronometer in multiplicity of mechanical device, as that is beyond a common 
roiLsting-jack. — Ure. 

The threads in bobbin-net lace form, by their intertwisting and decussation, regular 
hexagonal holes or meshes, of which the two opposite sides, the upper and under, are 


1303 1304 



LACE MANUPACTUEE 


ntiesh ]8 produced, and that the texture results from the union of three separate sets of 
threads, of which one set proceeds downwards in serpentine lines, a second set pro- 
ceeds from the left to the right, and a third from the right to the left, both in slanting 
directions. The oblique threads twist themselves round the vertical ones, and also 
cross each other betwixt them, in a peculiar manner. This may be readily understood 
by examining the representation. In comparing bobbin-net with common web, the 
perpendicular threads in the figure, which are parallel to the border, may bo regarded 
as the warp, and the two sets of slanting threads as the weft. 

These warp threads are extended up and down, in the original mounting of the 
piece between a top and bottom horizontal roller or beam, of which one is called tlio 
warp beam, and the other the lace beam^ because the warp and finished lace are wound 
upon them respectively. These straight warp threads receive their contortion from 
the tension of the weft threads twisted obliquely round them alternately to the right 
and the left hand. Were the warp threads so tightly drawn that they became in- 
flexible, like fiddle-strings, tlicn the lace would assume the appearance shown in 
fig. 1304 ; and although this condition does not really exist, it may serve to illustrate 
tile structure of the web. The warp threads stand in the positions a u, a' a\ and 
a" a" ; the one half of the W(‘ft proceeds in the direction b h, b' b\ and b" b" ; and the 
second crosses the first by running in the direction c c, or c' c\ towards tlie opposite 
side of the fabric. If we pursue the path of a weft thread, w'e find it goes on till it 
reaches the outermost or last warp tlirejid, which it twists about ; not once as with the 
others, but twice; and then returning towards the other border, proceeds in a reverse 
direction. It is from this double twist, and by Uie return of the weft threads, that t he 
selvage is made. 

The ordinary material of bobbin-net is two cotton yarns, of from No. 180 to No. 2f'>0, 
twisted into one thre^id ; Imt sometimes strongly twisted single yarn has been used. 
The beauty of the fabric depends upon the quality of the material, as well as the 
regularity and smallness of the meshes. The number of warp threads in a yard in 
breadth is from 600 to 000 ; which is equivalent to from 20 to 30 in an inch. Tlio 
size of the holes cannot be exactly inferred from that circumsUince, as it depends partly 
upon the oblique traction of the threads. The breadth of tlie pieces of bol)bin-net 
varies from edgings of a quarter of an inch to webs 12 or even 20 quarters, that is, 
2 yards wide. 

llobbiii-riet lace is manuffictured by means of very complicated and costly machines, 
called frames. The limits of this Dictionary will admit of an explanation of no more 
than the general principles of the manufacture. The threads for crossing am I twisting 
round the warp being previously gassed, that is, freed froni loose fibres by singeing 
witli gas, are wound round small pulleys, called bobbins, which are, with this view, 
deeply grooved in their periphery. Figs, 1305, 1306, exliibil the bobbin alone, and 
wnth its carriage. 

In the section of the bobbin u, fig. 1305, the deep groove is shown in which the 
thread is wound. The bobbin consists of two thin discs of brass, cut out in a sbimj)- 
press, in the middle of each of which there is a hollow space c. Those discs are 
riveted together, learing an inte^^ml between their edge all round, in which the thread 
is coiled. The round hole in the centre, with the little notch at top, servos for spitting 
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them upon a feathered rod, in order to be filled with thread by the rotation of that 
rod in a e^ies of reel, called the bobbin-filling machine. Each of these bobbins 
(about dounle the size of the figure) is inserted into the vacant space g of the car- 
fi9^ 1806. This is a small iron frame (also double the size of the figure), which, 
at e en^bxaces the grooved border of the bobbin, and by the pressure of the spring 
ajt/ prefivnts it from faUiug out. This spring serves likewise to appl^ sufficient 
frmdt to the bobbin, so as to proTent it from giving off its thread at g by its rotation, 
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unless a certain small force of traction be employed upon the thread. The curvilinear 
groove h h, sunk in each face or side of the carriage, has the depth shown in the 
section at h. The groove corre- 
sponds to the interval between the 
teeth of the comb, or bars of the 
bolt, in which each carriage is 
placed, and has its movement. A 
portion of that bolt or comb is 
shown at a, fig. 1307 in plan, and 
one bar of a circular bolt machine 
at hy in section. If wo suppose two 
Rucli combs or bolts placed with 
the ends of the teeth opposite each 
other, but a little apart, to let the 
warp threads be stretched, in one 
vertrical plane, between their ends 
or tips, we shall have an idea of 
the skeleton of a bobbin-net ma- 
chine. One of tlu'so tw'O combs, in 
tlie double bolt machine, has an 
occasional lateral movement called 
shoggingy equal to the interval of 
one tooth or bolt, by which, after it 
has received the bobbins, with their carriages, into its teeth, it can shift that interval 
to the one side, and thereby get into a position to return tlie bobbins, with their 
carriages, into the next series of interstices or gates in the other bolt. By this means 
the w’liole series of carriages receives successive side steps to the right in one bolt, and 
to the left in the other, so as to perform a species of counter-march, in the course of 
which they are made to cross and twist round about the vortical warp threads, and 
thus to form the meshes of the net. 

The number of movements required to form a row of meshes in the double tier 
machine, that is, in a frame with t'vvo combs or bars, and two rows of bobbins, is six; 
that is, the whole of the carriages (with their bobbins) pass from one bar or comb to 
the other six times, during which passages the different divisions of bobbing and warp 
threads change their relative positions twelve times. 

This interchange or traversing of the carriages with their bobbins, which is the 
most difficult thing to explain, but at the same time the most essential principle of the 
lace-macliine, may be tolerably w'ell understood by a careful study of 1308, in which 
the simple line 1 represents the bolts or teeth, the sign ^ black line of carriages, and 
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the sign the front line of carriag<?s. h is the front comb or bolt bar, and i the back 
bolt bar. The former remains always fixed or stationary, to receive the carriages as 
they may be presented to it by the shogging of tho latter. There must be always one 
odd carriage at the end ; the rest being in pairs. 

No. 1 represents the carriages in the front comb or bar, the odd carriage being at 
the left. end. The black line of carriages is first moved on to the back bar i, the odd 
carriage as seen in No, 1, having been left beliind, their being no carriage opposite to 
drive it over to the other comb or bar. Tho carriages then stand as in No, 2, The 
bar I now shifts to the left, as sbow'^u in No. 3 ; tho front carriages then go over into 
the back bar or comb, as is represented by No. 4. The bar i now shifts to the right, 
and gives the position No. 5. Tho front carriages are then driven over to the front bar, 
and leave tlie odd carriage on the back bar at the right end, for the same reason as 
before described, and the carriages stand as shown in No. 6. The bar i next shifts to 
the left, and the carriages stand as in No. 7 (the odd carriage being thereby on tho back 
bar to the loft). The back carriages now come over to tho front bar, ana stand as in 
No, 8. The back bar or comb i shifts to the right as seen in No. 9, which com’* 
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the traverse. The whole carriages with their bobbins have now changed their 
position, as will be seen by comparing No. 9 with No. 1. The odd carriage, No. 1, 
tp has advanced one step to the right, and has become one of the front tier ; one of 
the back tier or line ^ has advanced one step to the left, and has become the odd 
carriage; and one of the front ones ^ has gone over to the back line. The bobbins 
and carriaMs throughout tlie wliole widtJi of the machine have thus crossed each other’s 
course, and completed the mesh of net. 

The carriages with their bobbins are driven a eertnin way from the one comb to the 
other, by the pressure of two Jong bars (one for each) placed above the level of the 
comb, until they come into such a position that their projecting heels or witches i i, 
fig, 1306, are moved off by two other Jong flat bars beJow, called the locker plates, and 
thmreby carried completeJy over the interval between the two combs. 

There are six different sj’stcms of bobbin-net machines : — 1. Hoathcoate’s patent 
machine. 2. Jirow'u's travt^rsu w’arjx 3. Morley’s straight bolt. 4. CJarke’s pusher 
principle, single tier. <5. Leaver’s machine, single tier. 6. Morley’s circuJarboJt. All 
the others are mere variations in the construction of some of their parts. It is a 
remarkable fact, highly honourable to the mechanical judgment of the late Mr. Morley 
of Derby, that no machines except those upon his circular-bolt principle have been 
found capable of working successfully by mechanical power. 

The circular-holt machine (comb with curved teeth) was used by Mr. Morley for 
making narrow breadths or edgings of lace immediateJy Jifter its first invention ; and 
it has been regularly used by the trade for tliat purjmse ever since, in consequence of 
the inventor having declined to secure the monoj»oly of it to himself by patent. At 
that time tlie locker bars for driving across tlie carriages liad only one plate or blade. 
A machine so mounted is now' called ‘ the single-locker circular bolt.’ In the year 
1824, Mr. Morley added another plate to eacli of tJie locker bars, which was a groat 
improvement on the machine for making plain net, but an ol)Struction to the making 
of narrow breadths upon them. This machine is now distinguished from the former 
by the term ‘ double locker.’ 

A rack of lace is a cerbiin length of work counted perpendicularly, and contiins 
242 meshes or holes. Well-made lace has the meshes a little elongated in the direc- 
tion of the selvage. 

Mr. Heathcoate’s machine, invented in 1809, was the first successful lacc-making 
machine. 

Mr. Morley patented his in 1811 ; and in the same year Messrs. Marl and Clarke 
invented the pusher machine, and Messrs. Leaver and Turton, of‘ New Iladford, broiiglit 
forward the lever macJiirie. In 1817, Mr. Heathcoate applied the rotiitory movement 
to the circular-bolt muchiiie, and mounted a manufactory at Tiverton on this plan, 
where the lace manufacture is still carried on extensively. 

xjkcQim is a varnish, consisting chiefly of a solution of pale shell-lac in alcohol, 
tinged with saffron, annotto, or otJier colouring matters. ‘ Tliat commonly empJoyed 
is made by dissolving slieJl -lac in proof spirit, and colouring w'ith the resinous substance 
called dragon's Wood. The lacquer lieiglitens the colour of brass, or renders it more 
golden in tint. Lacquer may be pale or deep in tint, when it is known as pale or 
bronze lacquer, or it may be variously coJoured. A transparent colourless lai*quer 
is a desideratum forderman silver. A sul ►stance called bleached shell-lac is sold, 
and I believe used for very pale lacquer. Tlie lacquer is warmed and brushed over 
the articles, which have been also previously warmed on stove.s. If the temperature 
is too cold, a dulness of surface is produced, w’liicli is not removed by re-heating. 
The surface of brass is frequently coloured ^xhrunzed after ‘ dipping,’ and before 
lacquering. A dark grey coating is produced l>y dipping tlie article in a solution of 
arsenious acid in hydrochloric acid, by applying a dilute aqueous solution of bi- 
chloride of platinum, by applying an aqueous solution of corrosive sublimate mixiul 
with Tinegar, or by rublang plumbago over tlie surface. Ly the application of 
lacquer to the surface of brass, which lias received a dark grey coating by any of 
these processes, a bronze-like tint is produced, due to the light reflected, through the 
colour^ stratum of varnish produced by lacquering, from the bright surface under- 
neath. Precisely the same effect may be obtained by rubbing plumbago over a piece 
of writing-paper, and then lacquering the surface, as in the case of bniss. For 
common work, the corrosive sublimate method is extensively used ; it is said to cause 
trouble when it comes in contact with softer solder, with which the reduced mercury 
amalgamates. The platinum process is used for instruments, such as theodolites, 
levels and in these the bronze is much blacker, as pale is employed instead of 
yellow lacquer. These methods I know are employed, and probably there may he 
naay others. The beautiful colours of brass foils are communicated by vanously- 
e(4oiuod lacquers. The coating of resinous matter adheres with remarkable tenacity, 
is »ot ostaehed by l>ending the foil backwards and forwards repeatedly. The 
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mauufactnre of these foils is, I believe, quite an art, and formerly there was only one 
person in Birmingham who knew how to practise it successfully.’ — Ptrc^s Metaltu^y, 

JmA.CT1C ACZB, 8yn. Nanceic acid. (Ande lactique, ; 

Milchsdure, Ger.) Discovered by Scheele in sour milk. Subsequently, M. Braconnot 
examined the sour liquid which floats above starch during its manufacture, also the 
acidified decoctions of various vegetables, including beet-root, carrots, peas, &c., and 
found an acid which he considered to bo peculiar, and consequently named the nanceic. 
’J’he acid formed under all those circumstances turns out to be the same ; it is, in fact, 
lactic acid, which modern researches show to bo a constant product of the fermentation 
of sugar, starch, and bodies of that class. The acidity of sauerkraut is due to the 
presence of the same substance. Liebig extended and confirmed the experiments made 
niiiny years ago by Berzelius, on the presence of lactic acid in the juice of flesh, but 
he denied its existence in urine, as asserted by MM. Cap and Ilcnry, and others. 

Preparation . — Lactic acid can bo prepared easily in any quantity by the fermenta- 
tion of sugar. Caro must bo tfikon, however, that the process does not go too far, 
because lactic acid undergoes with bicility another decomposition, by which it becomes 
converted into but 3 ’’ric acid. The following process of M. Beiiscli h)r the preparation 
of lactate of lime can be recommended by the author of this article as yielding at a 
small trouble and expense a v(Ty largo quantity of product. In fact, ho has prepared 
■with facility upwards of 3 pints of butyric acid from lactate of lime obbiined in this 
manner. Dissolve 6 lbs. of lump-sugar, and ^ oz. of tartaric acid in 2^ gallons of 
boiling water. Leave for a day or two, and then add 2 oz. of rotten cheese, and a 
gallon of skimmed milk stirred up with 3 lbs. of well-washed prepared chalk. The 
t(miperatuTo should not fall below 86° F. nor rise above 95^. The water lost by 
evaporation must be made up by adding a little every few days. After a time, vary- 
ing from 10 days to a month, according to the temperature and other circumstances, 
the whole becomes a magma of acetate of liiue. Two gallons of boiling water must 
then be added, and oz. of quicklime, and the whole, after being boilecl for half an 
hour, is to be filtered through a linen or flannel bag. The filtered liquid is to bo 
evaporated until it begins to get somewhat syrupy, the fluid in this state being put 
aside to allow the salt to crystallise. The crystals, after being slightly washed with 
cold water, are to bo recrystallisod two or three times. To obtain lactic acid from the 
lactate of lime, it is necessary, in the first place, to convert the latter salt into that of 
zinc. For this purpose a crude lactic acid is first obtained thus : to every 2 lbs. 3 oz. 
of hictate of lime dissolved in twice its weight of boiling water, 7 oz. of oil of vitriol 
jireviously diluted with twice its volume of water are to bo added. The boiling fluid 
is to be strained through a linen bag to remove the precipitate of gypsum, and the 
filtered liquid is to be boiled for 15 minutes with 8| oz. of carbonate of zinc. The 
boiling must not be continued longer, or a subsalt of sparing solubility would bo pro- 
duced. ^ The liquid, which is to bo filtered boiling, will tleposit on cooling the lactate 
of zinc in colourless crystals, which are to be washed with a little cold water, and after 
being drained are to bo dried by exposure to the air on frames covered with filtering 
paper. The mother-liquid will yield a fresh quantity of lactate if it he boiled vdth 
the salt remaining on tlie filter and evaporated. 

From the lactiite of zinc the acid is to bo separated by passing sulphuretted 
hydrogen tlirough the solution of the salt in eight times its weight of boiling water. 
The gas is to be expelled by heat, and the fluid on evaporation yields pure syrupy 
lactic acid. 

Lactic acid is a colourless syrupy liquid of a powerful pure acid taste. Its specific 
gravity is 1*215. It is bibasic. 

The most importiint salts of lactic acid are those of zinc and lime. The former salt 
is that general!}" formed in examining animal or vegetable fluids with a view to the 
isolation of the acid. It is found with two different quantities of water according to 
the circumstances under which it is prepared, and it is worthy of remark that the 
amount of water of crystallisation remarkably affects the solubility of the salt in water 
and alcohol. 

All tile butyric acid employed for tlio preparation of butyric ether, or pino-apple 
essence, is now prepared by the fermentation of lactate of lime. — C.G.W. 

.^■^CTOMlSTjBR is the name of an instrument for estimating the quality of 
milk, called also a Galactometer. The most convenient form of apparatus would bo 
a series of glass tubes eacli about 1 inch in diameter, and 12 inches long, graduated 
t liroiigh a space of 10 inches, to tenths of an inch, having a stopcock at the bottom, 
and suspended upright in a frame. The average milk of the cow being poured in to the 
height of 10 inches, as soon as the cream has all separated at top, the thickness of its 
body may be measured by the scale ; and then the skim-milk may be run off below 
into a hydrometer glass, in order to determine its density or relative richness in caseous 
matter, .'vnd dilution with water. 
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ULOVSnnra VOBK&TXOV, a geological term. Belonging to a lake. 

%MnAinm. a fragrant gum-resin obtained from several species of Cistu^t fts 
C. ladaw^ferus and C. Lt&n, It is used in Turkey as a perfume. 

IJLMJr OOOSS, See Jetsam. 

XhAJUUia Under this general title are included all those pigments which are pre- 
j^ed by combining vegetable or animal colouring matter with earths or metallic oxides. 
The general method of preparation is to make an infusion of the substance, and to add 
thereto a solution of common alum ; or sometimes, when it has been necessary to 
extract the colouring matter by the agency of an acid, a solution of alum sntiiratod 
with potash. At first, a slight precipitate falls, consisting of alumina and the colouring 
matter ; but if some alkali is added, the precipitate is increased. Some colour- 
ing matters are brightened by alkalis ; then the decoction of the dye-stuif is made 
in an alkaline liquor, and being filtered, a solution of alum is poured into it. Where 
the affinity of the colouring matter for the subsulphatc of alumina is great, alumina 
recently precipitated is agitated with the decoction of the colouring body. The manu- 
facture of lakes depends on tlie remarkable property possessed by alumina, of com- 
bining with, and separating the organic colouring matters from their solutions. 

Lakes. — The finest of these is Carmine, which, as carminated lakes, called 
lake of Florence, Paris, or Vienna, is usually prepared by taking the liquor de- 
canted from the carmine, and adding freshly-precipitated alumina to it. The mixture 
is warmed a little, briskl}' agitated, and allow^ to settle. Sometimes alum is dissolved 
in the decoction of cochineal, and then the alumina precipitated by potash ; but the 
colour is not good when lakes are thus prepared, and to improve it the dyer's solution 
of tin is often added. A red lake may be prepared from kermes in a similar manner. 

Brazil-wood yields a red lake. The wood is boiled in a proper quantity of water 
for 15 minutes, and then alum and solution of tin being added, the liquor is to bo 
filtered, and solution of potash poured in as long as it occasions a precipitate. This 
is separated by a filter, the powder well washed, and being mixed with a little gum- 
water, made into cakes. Sometimes the Brazil-wood is boiled with vinegar, instead of 
water. An excess of potash produces a lake of a violet colour, and cream of tartar 
gives it a brownish hue. 

Madder is much used in the preparation of lakes. 

The following process is recommended : — 

Diffuse 2 lbs. of ground madder in 4 quarts of water, and after a maceration of 10 
minutes strain and squeeze the grounds in a press. Repeat this maceration, &c., 
twice upon the same portion of madder. It will now have a fine rose colour. It 
must then be mixed with 6 or 6 lbs. of water and | lb. of bruised alum, and heated 
upon a water-bath for 3 or 4 hours, with the addition of water, as it ('vaporates ; after 
which the whole must be thrown on a filter-cloth. The liquor wliicli ]>ass(\s througli 
is then to be filtered through paper, and precipitated by carbonate of pot-nsh. If 
potash be added in three successive doses, three difircrent lakes will be ol>tained of 
diminishing beauty. The precipitates mu.st be washed until the water comes off 
colourless, then with gum-water made into cakes. 

Yellow Lakes are made with decoctions of Persian or Friuich berries, to wliich some 
potash or soda is added; into the mixture a solution of alum is t.o be p^mred so long 
as any precipitate falls. Quercitron will yield a yellow lake, })rovi(k‘d the decoction 
is purified by either butter-milk or glue. Annotto lake is formed by dissolving this 
substance in a weak alkaline lye, and adding a solution of alum to the solution. 

Lakes of other colours can be prepared in a similar manner ; but true lakes of othi r 
colours are not usually manufactured. 

fcflMfilJLBXig is said of a metal which may be extended by passing betw^cen 
steel or hardened (chilled) cast-iron rollers. 

In the mannfacture of rail and bar iron, laminated iron is rolled togetlier at a 
welding heat, until the required bar or rail is formed (see Rails), 'j’his is, even 
under the hast possible circumstances, a defective manufacture. Tlie union of the 
bars is never absolutely complete, and the result of the long-continued action of 
trains of carriages upon all rails is the development of the laminated plates, which 
frequently psrf ofl^ layer after layer, to the destruction of the rail, and to the groat 
danger of the traveller. Railway iron should be rolled into form from pt;rfectly 
homogeneous masses of metal. This lamination of iron rails has been laid hold of 
hy those who advocate the hypothesis that the slate rocks owe their lamination to 
mediamcal pressure, whereas it is evidently the result of an imperfect manufacture. 
8m Beaxiim Mills. 

mTinUI. A mixture of porous hydrous peroxide of iron with 
ilsed for absorbing sulphuretted hydrogen in the purification of coal-gas. 
iaMur acoumulated in this nrixture may be recovered by calcination, or by 
muui cf (rteam. 
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IbABUlTM AXAmfi or the dead nettle, is said by Leucns to afibid from its leaves 
a greenish-yellow dye. The L. purpureum dyes a reddish-grey with salt of tin, and 
a greenish tint with iron-liquor. 

KAMF-BXiACX. Every person knows that when the combustion of oil in a lamp 
is imperfect it pours forth a dense volume of black soot. According to the quantity 
of wirbon contained in the material employed, so is the illuminating power of the 
flame produced by combustion. If, therefore, wo have a very brilliant iiame, and we 
subject it to any conditions which shall impede the progress of the combination of the 
carbon with the oxygen of the air, the result is at once the formation of solid carbon, 
or lamp-black. This is exhibited in a remarkable and often an annoying manner by 
the camphine lamp. If oil of turpentine, resin, pitch-oil, or fat-oil, be burnt in lamps 
under a hood, with either a rapid draught or an insufficient supply of air, the lamp- 
black collects on the hood, and is occasionally removed. Sometimes a metallic roller, 
generally of tin, is made to revolve in the flame, and rub against a brush. By the 
cooling influence of the metal, the heat of the flame is diminished, the combustion 
retarded, and the carbon deposited, and in the revolution of the cylinder swept off. 
Camphor burning forms a very beautiful black, which is sometimes used as a 
pigment. 

The common varieties of lamp-black are made from all sorts of refuse resinous 
matters, and from the rejected fragments of pine-trees, &c. In Germany, a long flue 
is constructed in connection with the furnace in which the resinous substances are 
burnt, and this flue communicates with a hood, composed of a loose woollen cloth, hold 
up by a rope passing over a pulley. Upon this the soot collects, and is from time to 
time shaken down. In the best-conducted manufactories about d cwts. of lamp-black 
is collected in each hood in about twelve hours. In England, lamp-black is sometimes 
prepared from the refuse coking coal, or it is obtained in connection with coke-ovens. 
The lamp-black, however, obtained from the combustion of coal or woody matter is 
never pure. See Antmal Bijvck ; Bonk Black ; Ivouv Black. 

XiAMP, DAVY. 800 Safety IjAmp. 

DAMPS. Under Illumination, will bo found some notices of several kinds of 
lamps, with especial reference to the quantity of light produced by them. 

Lamps are very varied in form, and equally varied in the principles involved, A 
brief description, however, of a few of the modern varieties is necessary. 

The Moderator Lamp , — The spiral spring has been introduced into the moderator 
lamps, for the purpose of forcing the oil up the wick of the lamp. This will be under- 
stood by the following description and drawings: — The distinguishing character of 
the moderator lamp is th(i direct transmission of the powder, in the reservoir of oil, 
to the resistance offered by the weight of the column of oil. as it rises to the cotton ; — 
and secondly, the introduction of a rectangular regulator, w'hich equilibrates constantly 
by tile rosistance of the oil and the force applied to raise it. In the reservoir {Jig, 
1309), is a .spiral spring w'hicli presses on the disc or piston, 1310, which is fur- 
nished with a valve opening downwards. This spring is attached to a tooth-rack, 
w'orked by a pinion wheel, by means of wLich it is wound up. The mechanical 
force of the spnng is equal to from 15 to 20 poumis ; and as this force is exerted upon 
the disc, floating on the oil, this is forced up through the tube, and it overflows to 
tile argand burner, thoroughly saturating the cotton, and sup[>lying a constant stream 
of oil. This oil falls hack into the reservoir, and is, of course, above the disc. When 
the spring lias run down, it is again wound up ; and then the valve opening downward 
allow’s the oil to flow back beneath the disc, to be again forced up through the tube. 
As the pressure employed is so great, the oil would, but for the ‘moderator,’ flow over 
with too much rapidity. This moderator, or regulator, is a tapering rod of iron-wire, 
wliich is placed in the ascending tube; and, as the pressure increases, it is forced more 
into it, and checks the flow of oil; w'hereas as it diminishes it falls, and being tapering, 
allows more oil to rise. Several ingenious adjustments are introduced into these 
lamps, as manufactured by the Messrs. Tylor of Warwick Lane, with which we need 
not at present deal. The cylinders containing the oil are covered with cases in metal 
or sometimes of porcelain. Two drawings of these are shown 1311 and^. 1312). 
These lamps admit evidently of yet more elegant forms than have been given them. 
The urn-shaped, from the antique, in very pure tiiste, is the last introduction of the 
house above named. 

It would bo tedious to enumerate the various modifications of form and action to 
which the oil lump has been subject, previous to its arrival at what maybe deemed its 
perfect construction by Argand, The discovery of the mode of applying a new 
principle by this individual not only produced an entire revolution in the manufacture 
of the article, but threatened with ruin all those whom the patent excluded from 
participation in the new trade ; so much so indeed, that Argand, who had not been 
apprenticed to the business, was publicly persecuted by the tinners, locksmithsi and 
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lished gome years ago, ‘ embraces so many improvements upon the common lamp, and 
has become so general throughout Europe, that it may be justly ranked amongst tlie 
greatest discoveries of the age. As a substitute for the candle, it has the advantage 
of great economy and convenience, with much greater brilliancy ; and for the purpose 
of producing heat, it is an important instrument in the hands of the cliemist. Wo 
may, with some propriety,’ continues this authority, ‘compare the common lamp and 
the candle to fire made in the open air, without any forced method of supplying it 
with oxygen ; while the Argand lamp may be compared to a fire in a furnace, in 
which a rapid supply of oxygen is furnished by the velocity of the ascending current. 
This, however, is not the only advantage of this valuable invention. It is obvious 
that, if the combustible vapour occupies a considerable area, the oxygen of the atmo- 
robere cannot combine with the vapour in the middle part of the ascending column. 
The outside, therefore, is the only partwdiieh enters into combustion; the middle 
constituting smoke. This evil is obviated in tlio Argand lamji, by directing a current 
of atmospheric air through the flame, which, instead of being raised from a solid wick, 
is produced from a circular one, which surrounds the tube through which the air 
ascends. 


The mechanism of the Argand burner, in its improved state, will be clearly 
understood from the annexed figures and explanation, which apply equally to each 
description of the lamps hereafter described. 

A, fig. 1313, is a brass tube, about inches in length, and } \ inch wide; within 
this tube is placed another, b, which is soldered fast inside l)y the flange at c ; the 
apace between these tubes contains the oil surrounding the wick, and which, being 
f^ly admitted from the reservoir by the side pipes d e, rises in the tubular space, 
either ip a height corresponding with its level in the reservoir, or at least so as to 
mdntain the wick in a state of constant saturation. The tube b is of considerable 
thickness, having a spiral groove cut about it from top to bottom ; p is a metallic 
ring made to slip over the tube b, it contains a short pin inside, which fits exactly 
into the spiral groove just mentioned ; o is the circular woven cotton wick, the lower 
€od of wmch is drawn tight upon the neck of the ring ; h is a copper tube, with a slit 
;liearlj Ifrom top to bottom ; it admits the ring f, and being dropped over the inner 
jjta^ aiactly fits the inside of the wider tube a, by means of a narrow rim near the 
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top fit a, and nnothor at the bottom h ; between the tipper rim and the margin there 
is a small projecting pin c, which, when the whole apparatus is combined, fits into the 
cavity e of the collar i. To prepare the lamp for use, the tube h is placed between a 
and B, as just described ; the ring f, with its charge of cotton, is next inserted, the 
pin in the inside fiilling into the spiral groove, and that on the outside entering the slit 
in tlio tube h, which, on being turned about, moves the ring f down upon the screwed 
inner tube, until the wick only just rises above the superior edges of the tubes, in the 
interval between which it lies in the oil. In this stage the frame i is placed on the 
nick in the collar at e, falling upon the pin near the top of h ; the lower disc fg, 
passing over the tube a, at once presents a convenient support for the glass chimney, 
and a finger-hold for raising the wick. The central tube is open throughout, com- 
municating, at its lower end, with the brass receptacle k ; the latter is perforated at 
top, to admit the air which, by circulating through the above tube, and the hollow 
flame which surrounds it, causes the lamp to burn with that peculiar freedom and 
brilliancy which distinguish the Argand construction. This last-mentioned receptacle 
likewise catches any small quantity of oil which may pass over the inner tube during 
the combustion of the wick, l is the brass peg, which fits into the upper part of the 
pillar, in the table-lamp. 



In addition to the endless variety of small portable lamps, the peculiarities of 
which it would be tedious to particularise, and the merit of which, as compared with 
those on the Argand principle, consists, for the most part, in their cheapness, the 
more important articles, and those generally in demand, may be distinguished as fixed 
or bracket lamps, supended or chandelier lamps, and table or French lamps — all these 
having burners on the principle above described. The former sort were, previous to 
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the introductioii of very common in shops. The globe a 1314), which is 
eometiiDes made plain and sometimes embossed, as in the cut, screws off, when the 
oil is poured in at an opening in the lower part, which is afterwards closed by means 
of a slide attached to the stem b, and the globe, thus replenished, is inverted and 
screwed into the part c. When the lamp is used, the stem b is raised a little, and the 
oil is suffered to flow through the intermediate tube into the cistern d, only at the rate 
at which it is consumed by the burning of the wick. The peculiar form of the glass 
chimney is admirably calculated to assist in the more complete combustion of the 
matter drawn up to the wick when impure oil is used, a desideratum originally in pirt 
secured by placing over the central tube, and in the midst of the flame, a circular 
metal plate, by moans of which the ascending column of air was turned out of its per- 
pendicular course, and thrown immediately into that part of the flame where the smoke 
is formed, and which by this ingenious contrivance is effectually consumed ; this appli- 
cation, however, is not necessary, nor tho form of much moment^ when purified sperm- 
oil is used. These lamps being usually made to move on a pivot at f, attached to the 
wall or other support, are very convenient in manj^ situations, as being easily advanced 
over a desk or counter, and afterwards turned aside when not in use. 

The sinumbral lamp liaAdng passed out of use need not be described. 

The use of spirit lamps followed, and w'c have the naplithn. and camphino lamps of 
this order. The accompanying woodcut {fig. 1315) shows the peculiarity of tho cam- 
phino lamp, where tho reservoir of spirit (turpentine deprived of smell) is far below 
tho burner, to which it asci'iids by capillary attraction, tlirough the tubes of the 
cotton wick. Lamps to burn naphtha {Jkimonfinr, &c.) arc constructed on tho same 
principle, as are all the paraffine and mineral-oil lamps. 

One of tho be«t oil lamps is that known as Carcel’s l.nmp. 

In this lamp the oil is raised through tubes by clockwork, so as continually to 
overflow at the bottom of the l)urning wick ; thus keeping it thoroughly soaked, while 
the excess of the oil drops into tlio cistern below. Lamps of this description will 
bum most satisfactorily for many years ; but it can hardly be trusted in tho hands 
of a servant, and when it gets at all deranged, it mu.st be sent to its constructor, in 
Paris, to be repaired. The light of this lamp, when fnrnishod with an appropriate 
tall glass chimney, i.s verj' brilliant, though not perfectly uniform ; since it fluctuates 
a little, but always perceptibly to a nice ob.sorvcT. M'it li the alternat ing action of t he 
pump- work ; becoming dimmer after every successive jet of oil, and brighter just 
before its return. Tlie flame, moreover, always flickers more or less, owing to tho 
powerful draught, and rectangular reverberatory shou1d(T of the chimney. I'lie- 
mechanical lamp is, liowever. remarkable for continuing to barn, not only with un- 
abat/cd but with increasing splendour for 7 or 8 hours ; tJi(‘ vivacity of the combustion 
increasing evidently with the increased temperature and fluency of the oil, which, by 
its ceaseless circulation through the ignited wick, gets eventually pretty warm. In 
the comparative exjxTimorits made upon different lights by the Parisian philosojdiers, 
the mechanical lamp is commonly taken as the standard. It is not entitled to this 
pre-eminence, for it may be made to emit very different quantities of light, according 
to differences in the nature and supply of the oil, as well as variations in the form 
and position of the chimney. 

The following experiments by I)r. TTro are well worth preser^dng ; — 

The great obstficJe to the combustion of lamps lies in the viscidity, and conse- 
quent sluggish supply, of oil to the wicks ; an obstacle nearly insuperable with 
lamps of Uie common construction during the winter months. The relative viscidity 
or relative fluency of different liquids at the same toinporaturo, and of tlic same 
liquid at different temperatures, has not, I believe, been hitherto made the subject 
of accurate researches. 1 was, therefore, induced to make the following experiments 
with this view. 

Into a hemispherical cup of platinum, resting on the ring of a chemical stand, I in- 
troduced 2,000 water-grain measures of the liquid whose viscidity was to be rawisured, 
and ran it off through a glass siphon, ^th of an inch in the bore, having the outer leg 
3^ inches, and the inner leg 3 inches long. The time of efflux became the measure of 
the viscidity; and of two liquids, if the specific gravity and consequent pressure upon 
the siphon were the same, that time would indicate exactly the relative viscidity of 
the two liquids. Thus, oil of turpentine and sperm-oil have each very nearly the 
same density; the former being, as sold in the shops, =0*876, and tho latter from 
0^876 to 0*880, when pure and genuine. Now I found that 2,000 grain-measures of 

of turpentine ran through the small siphon in 95 seconds, while that quantity 
of spem-fHl trok 2,700 seconds, being in the ratio of 1 to 28^ ; so that the fluency of 
oil ii turpentine is 28^ times greater than that of sperm-oil. Pyroxilic spirit, com- 
noBly eall^ na^^tha, and alcohol, each of specific gravity 8*125, were found to run 
dF reigpeotiTely in 80 and 120 seconds ; showing that the former was 50 per cent 
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inoro fluent than the latter. Sperm-oil, when hoatod to 265® Fahr., runs off in 300 
seconds, or |th of the time it took when at the temperature of 64®. Southern whale 
oil, having a greater density than the sperm-oil, would flow off faster were it not 
more visem. 2,000 grain-measures of water at 60° run oflp through the said siphon in 
75 seconds, but when heated to 180® they run off in 61 seconds. Concentrated sul- 
phuric acid, though possessing the great density of 1*840, yet flows off very slowly at 
64°, on account of its viscidity, whence its name of oil of vitriol. 2,000 grain-measures 
of it took 660 seconds to discharge. 

For a continuation of this subject, and a further description of lamps of various 
kinds, see also Silber Light ; Safety Lamp. 

l^AMPXC ACXD. Syn. Aldehydic acid ; Acetylous acid. (Acide lampiquej Fr.) 
If a little ether be placed at the bottom of a glass, and some spongy platinum attached 
to a wire of the same metal be ignited and suspended about an inch from the fluid, 
it will glow and continue to do so for a long time. On the other hand, if a spiral of 
plat inum wire be placed over the wick of a spirit-lamp, and the latter be first ignited 
and then blown out, the wire will continue at a red heat until all the spirit is ex- 
hausted. Numerous sesquioxides, when placed warm on wire-gauze over capsules 
containing alcohol, will glow in the same manner. Under all these circumstances, a 
powerful odour resembling aldehyde is evolved, which strongly affects the eyes. If 
this experiment be made in such a manner that the volatile product maybe condensed, 
it will be found to bo strongly acid. It is powerfully reducing in its tendency, and 
if heated with the oxides of silver or gold, converts them into the metallic state, and 
the liquid is found to contain acetic acid and rosin of aldehyde. If, however, the 
acid liquid be only very gently warmed with oxide of silver, a portion of the latter is 
dissolved ; but when baryt-a is added to precipitate the silver as oxide, and the fluid 
is warmed, the metal instead of the oxide comes down, and the fluid, when tested for 
the nature of the acid, is found to contain nothing but acetete of baryta. These 
phenomena are explained by some chemists by supposing the fluid to contain an acid 
which they, following the late Professor Daniell, call the lampic, and supposed to. 
contain (C^H®0*). When lampic acid is treated first with oxide of silver, and 

then with barytfi-water, and heated, they consider that the oxygen of the oxide of 
silver is transferred to the lampic acid, and converting it into acetic acid, which com- 
bines with the baryta, while the metallic silver is precipitated. The following equa- 
tion explains the reaction supposed to take place : — 

Cm*0^+ BaO -f AgO = C«H»0»,BaO + Ag + HO. 

Lampic acid. Acetate of baryta. 

C^K«0» + BaO + Ag20 = (C*H»02)''’Ba + Agr« + H-O. 


The conversion of the lampic acid into acetic acid is therefore attributed to the oxidis- 
ing tendency of the oxide of silver. Those who regard the decomposition from the 
above point of view, consider lampic acid to be acetylous acid, that is to say, to bear 
the same relation to acetylic acid (acetic acid) that sulphurous acid does to sulphuric 
acid. 

BAMBSBIXrs. With the floeco on, these are extensively used for clothing, for 
door-mats, and the like. Prussian hwihsJcins are used for linings, for coat collars and 
cuffs. Astravan lamb, which is a rich, glossy, black skin, with short fur, is used for 
many ornamental costumes. Hu/ngarian lamb : this skin forms the national coat of 
Hungary. Spanish lamb : the short jacket of the Spaniard is made of this skin. 
It is wiid that upwards of a million lambskins are imported annually into this country 
for glove-making. 

XiABTABXXTXS. A sulphato-carbonate of lead occurring at Leadhills in Lanark- 
shire, whence the name. 

XiAircXS WOOX>. Uvaria lanceolaia OT Guatteria virgata. This wood is imported 
from Jamaica and Cuba, in long poles from 3 to 6 inches diameter. Lance wood is 
paler in colour than box ; it is selected for elastic works, as gig-shafts, archery bows, 
springs, &c. These are bent into the required form by boiling or steaming. Sur- 
veyor’s rods, ordinary rules, and lulliard cues are made of lance wood. 

XiABBBB. In mining, the man who attends at the mouth of the shaft to receive 
the ‘ kibble of ore ’ as it reaches the surface. 

XAiroXTE. A basic sulphate of copper, from Cornwall, described a few years 
ago b y Prof. Maskelyne, • 

, BABTUAJTUM. a metal di scovered by Mosander in 1 8i 1. It ocgora a||8ociated 
with didymium and cerium, in certain rare Swedish minerals. , 

babxbabt, Art of. The art of the lapidary, or that of cutting, polisbiiig, and 
engraving gems, wae known to the ancients, many of whom have left adnnrable spe* 
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nmens of their ikill. The Greeks were pns.sionn.te lovers of rings and engraved 
itones ; and the most parsimonious among the higher classes of the Cyronians are said 
to have wom rings of the value of ten minse (about 30/. of our money). By far the 
greater part of the antique gems that have reached modern times may he considered 

so many models for forming the taste of the student of the fine arts, and for in- 
spiring his mind with correct ideas of what is tirnly beautiful. With the cutting of 
the diamond, however, the ancients were unacquainted, and hence they wore it in its 
natural state. Even in the middle ages, tliis art was .st ill unknown ; for t he four largo 
diamonds which enrich the clasp of the imperial mantle of CharJemagno, as now pre- 
served in Paris, are uncut, octahedral crystals. But the art of working diamonds 
was nrobahly known in Hindostan and China in very remote periods. After Louis de 
Berghen's discovery, in 1476, of polishing two diamonds by their mutual attrition, all 
the finest diamonds were sent to Holland to be cut and polished hj’ the Dutoh artists, 
who long retained a superiority, now no longer admitted by the lapidaries of London 
Bind Paris. See Diamond. 

The operation of gem-cutting is abridged by two methods: 1, by cleavage; 2, 
by cutting off slices with a fine wire, coated with diamond-powder, and fixed in 
the^ stock of a hand-saw. Diamond is the only precious stone w'hich is cut and 
polished with diamond-powder, soaked with olive oil upon a mill plate of very soft 
steel. 

Oriental rubies, sapphires, and topazes, are cut with diamond-powder soaked with 
olive oil, on a copper wheel. The fiicets thus formed are afterwards poli.shed on 
another copper wheel, with tripoli, tempered with water. 

Emeralds, hyacinths, amethysts, garnets, agates, and other softer stones, are cut at a 
lead wheel, with emery and water ; and are polished on a tin wheel with tripoli and 
water, or, still better, ou a zinc wiiecl, with putty of tin and water. 

The more tender precious stones, and even the pastes, are cut on a mill-wheel of 
hard wood, with emery and water ; and are polished with tripoli and water on another 
wheel of hard wood. 

Since the lapidary employs always the same tools, whatever bo the stone which he 
cuts or polishes, and since the wheel discs alone vary, as also the substance ho uses 
with them, we shall describe, flr.st of all, his apparatus, and then the manipulations for 
diamond-cutting, which are applicable to every species of stone. 

The lapidaiy’s mill, or wheel, is show in perspective mfig. 1316. It consists of 
a strong frame made of oak carpentry, with tenon and mortised joints, hound together 
writh strong bolts and screw nuts. Its form is a parallelopiped, of from 8 to 9 feet 
long, by from 6 to 7 feet high ; and about 2 foot broad. These dimensions are largo 
enough to contain two cutting wheels alongside of each other, as represented in the 
figure. 

1317 1318 



B B, we perceive in the breadth, 6 cross bars, c, d, e, r o 
two eitrame bars c and o, are a part of the frame-work, and serve to bind it! 
eross-bars n and f, cany each in the middle of their length, a piece of wood 
M^iaiemselTy, but only 4J inches long (bbs fy, 1316), joined solidly by 
mmsm mx tenom with that crosi-bar as well as with the one placed opposite on the 
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otlier parallel face. These two pieces are called summers (lintels) ; the one placed 
at D is the upper ; the one at f the lower. 

In fig. 1318 this face is shown inside, in order to explain how the mill wheel is 
placed and supported. The same letters point out the same objects, both in the pre- 
ceding and the following figures. 

In each of these summers a square hole is cut out, exactly opposite to the other in 
which are adjusted by friction a square piece of oak, a a., fig. 1318, whose extremities 
are perforated with a conical hole, which receives the two ends of the arbor h of the 
wheel I, and forms its socket. This square bar is adjusted at a convenient height by 
a double wooden wedge, h h. The cross-bar in the middle e, supports the table c c, a 
strong plank of oak. Jt is pierced with two large holes, whose centres coincide with 
the centres of the conical holes hollowed out at the end of the square pins. These 
holes of about 6 inches diameter each, are intended to let the arbor pass freely through, 
bearing its respective wheel. (See one of these holes at i, in fig. 1320 below). 

Each wheel is composed of an iron arbor \i,fig. 1318, of a grinding wheel i, which 
differs in substance according to circumstances, as already stated, and of the pulley j, 
furnished with several grooves (see^. 1320), which has a square fit upon the arbor. 
The arbor carries a collet on which are four iron pegs or pins that enter into the 
wheel to fasten it. 

The wheel plate, of which the ground plan is shown at k, is hollowed out towards 
its centre to half its thickness ; when it is in its position on the arbor, as indicated in 
fig. 1 320, a washer or ferrule of wrought iron is put over it, and secured in its place 
by a double wedge. In fig. 1320 the wheel-plate is represented in section, that the 
connection of the whole parts may bo seen. 


1319 1320 
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A board g {sQQfig. 1316 and^. 1324) about inches high, is fixed to the part of 
the frame opposite to the side at which the lapidary works, and it prevents the sub- 
stances made use of in the cutting and polishing from being thrown to a distance by the 
centrifugal force of the wheel-plate. 

Behind the apparatus is mounted for each grinding-plate, a large wheel l (seo 
fig. 1316), similar to a cutler’s, but placed horizontally. The wheel is grooved round 
its circumference to receive an endless cord or band, which passes round one of the 
grooves of the pulley j, fixed below the wheel-plate. Hence, on turning the fiy-wheel 
L, the plate revolves with a velocity relative to the velocity communicated to the wheel 
L, and to the difference of diameter of the wheel l, and the pulley J. Each wheel l, 
is mounted on an iron arbor, with a crank (see m, fig. 1317). 

The lower pivot of the arbor h is conical, and turns in a socket fixed in the floor. 
The great wheel l rests on the collet t, furnished with its 4 iron pins, for securing the 
connection. Above the wheel an iron washer is laid, and the whole is fixed by a double 
wedge, which enters into the mortise l^fig, 1317. 

Fig. 1321 exhibits a ground-plan view of all this assemblage of parts, to explain the 
structure of the machine. Everything that stands above the upper summer-har has 
been suppressed in this representation. Here we see the table c c ; the upper summer 
^ ; the one-wheel plate /, the other having been removed to show that the endless cord 
does not cross ; the two large wheels l l, present in each machine, tiie crank bar jx, 
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sees feparate in 1322, which serves for turning the wheel l. This har is formed of 
three iron plates o ; j ; and r {fig, 1322). The first is bent round at the point 
. n, to embrace the etud e ; the second g, is of the same breadth and thickness as the 
first ; and the third, is adjusted to the latter with a hinge joint, at the point g, whore 
they are both turned into a circular form, to embrace the crank m. When all these 
pieces are connected, they are fixed at the proper lengths by the buckles or square rings 
tt it which embrace these pieces, as is shown in fig. 1322. 

The stud «, seen in fig. 1322, is fixed to the poiiit v, by a wedge-koy upon tho arm r, 
represented separately, and in perspective, in fig. 1323. The labourer seizes the two 
upright pegs or handles a: a? ; by the alternate forward and backward nioticui of his 
arm, he communicates the same motion to the crank-rod, which tr.ansmits it to tho 
crank of the arbor m, and impresses on the arbor, and tho wheel which it boars, a 
rotatory movement. 

1323 1324 



Fig. 1324 shows piece-meal and in perspective a part of the lapidnr^^’s wheel-mill. 
There wo see the table c c, the grind plate i, whose axis is kejit in a vertical position 
by the two square plugs a a, fixed into the two sjn)i7)y'rs by the wedges h h. On the 
two sides of the wheel -plate, we perceive an important instruinerit called a d'mU which 
serves to hold the stone during the cutting and polishing. The instrument has receivi'd 
lately important ameliorations, to be des(Tibo<l in fig, 1.32/). The la])iclarv holds thi.s 
instrument in bis hand, Jje re.sls upon the iron pins uu. fixed in the tuble lest lie .should 
be aflfected by the velocity of tho revolving wheel-plate. He. loads it sometimes with 
weights e c, to make it take better hold of the grinding-plate. 

F'ig. 1325, shows an improvement made Ity one of the most expert lapidaries of 
Geneva, whereby he cuts and polishes the facet with extreme regularity, converting it 
into a true dial. JEach of the two jaws bears a large conchoida; cavity, into which is 
fitted a brass ball, which carries on its upper part a tube c. to whose extremity is 
fixed a dial-plate y/, engraved with several concentric circle.s, divided int o equal part.s, 
like the toothed-wheel cutting engine-plate, according to the numbtir of facet,s 
to be placed in each cutting range. The tube receiv(>s Math moderate friction 
the handle of the cement-rod, which is fixed at the proper point l)y a ihunib-screM', not 
shown in the figure, being concealed by the verticiil limb c?, about to bo described. 

1325 1326 1327 



A needle or index placed with a square fit on the tail of tho cement-rod, marks by 
ite pomu the divisions on the dial-plate / f. On the side m n, of the jaw a, there 
ii fixed by two screws, a limb rf, forming a quadrant, whose centre is suppos^ to be 
at the centre of the ball. The quadrant is divided as usual into 90 degrees, whoso 
hll^est point is marked 0, and the lowest would mark about 70 ; for tho remainder of 
^'are down to 90 is concealed by the jaw. The two graduated plates are used as 
lolidws:' — 

"Wlian tile cement-rod conceals aero or 0 of the limb, it is then vertical, and serves 
th® table of the brilliant; or the point opposite to it, and parallel to the table. 
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On making it slope a little, 6 degrees, for example, all the facets will now lie in the 
same zone provided that the inclination be not allowed to vary. On turning round the 
cement-rod and the index g marks the divisions so that by operating on the circle with 
16 divisions, stopping for some time at each, 16 facets will have been formed, of perfect 
equality, and at equal distances, as soon as the revolution is completed. 

In cutting the stones, they are mounted on the cement-rod b, ^g, 1326, whose stem 
is sot upright in a socket placed in a middle of a sole piece at a, which receives the 
stem of the cement-rod. The head of the rod fills the cup of a. A melted alloy of 
tin and lead is poured into the head of the cement-rod, in the middle of which the 
stone is immediately plunged ; and wherever the solder has become solid, a portion 
of it is pared ofif from the top of the diamond, to give the pyramidal form shown in the 
figure at b. 

There is an instrument employed by the steel polishers for pieces of clock-work, and 
by the manufacturers of watch-glasses for polishing their edges. It consists of a 
solid ojikon table, fig. 1327. The top is perforated with two holes, one for passing 
through the pulley and the arbor of the wheel -plate n, made either of lead or of hard 
wood, according to circumstances ; and the other c for receiving the upper part of the 
arbor of the large pulley d. The upper pulley of the wheel-plate is supported by an 
iron prop e, fixed to the table by two wooden screws. The inferior pivots of the two 
pieces are supported by screw sockets, working in an iron screw-nut sunk into the 
summer- bar f. The legs of the table are mode longer or shorter, according as the 
workman chooses to stand or sit at his employment. Emory with oil is used for 
grinding down, and tin-putty or colcothar for polishing. The workman lays the piec*e 
on the fi.at of the wheel-plate with one hand, and presses it down with a lump of cork, 
while ho turns round the handle with the other hand. 

A very convenient form of apparatus has boon devised by Mr. James B. Jordan, 
and manufactured by Messrs. Cotton and Johnson, of Grafton Street, Soho, for the 
purpose of preparing thin sections of 
minerals, rocks, and other hard sub- 
stance for microscopical observation. 

This machine is represented in figs. 

1328, 1329, and 1330. It consists of 
a wooden frame-work, a a, support- 
ing a crank-axle and driving-w^heel, 
two feet diameter ; the top part of 
this frame consists of two cross- 
jnecos rt', fixed about an inch apart, 
as in the bed of an ordinary turning- 
hithe ; into the slot between them is 
placed a casting b, carrying the 
bracket for the angle-pulleys c ; this 
casting is bored to receive the spindle 
I), which, by means of the treadle, 
is made to revolve at the rate of 400 
or 500 revolutions per minute. It 
is also bored to receive another 
spindle e, to the top of which is 
fixed a metal plate f, for carrying 
the small cup h, to which the speci- 
men is attached by means of pre- 
pared wax. This means of mecha- 
nically applying the work to the 
sheer is far preferable to holding it 
in the hand in the ordinary way ; 
the requisite pressure against the 
cutting disc is regulated by the 
weight G, and the thickness of the 
slice by the thumb-screw k, on which 
the spindle rests. By this means it 
is possible to cut tolerably thin and 
parallel slices, of from j^th to Jth 
of an inch in thickness; the thin- 
ness of course varying according to 
the strength of the rock which is 
being operated upon. The slitting 
disc is made of soft iron, eight inches diameter, and about / 5 th of an inch in thickness, 
and it m fixed on the spindle d, between two brass plates 4 inches diameter, charged 
with diamond-powder in the usual way. 
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The sHcos are still further reduced in thickness hy grinding ^ith fine emery and 
irater on a lead ‘ lap/ 'which is made to revolve on the spindle n. Tlie lap is 8 inches 
diameter, and about |ths of an inch thick in the centre, cast with rounded edges and 



slightly convex sides ; this form facilitates the grinding of a uniform thinness, there 
being always a tendency on a flat surface (which soon wears hollow) for the edges of 
the section to grind away before it is sufficiently thin. One side c^f tli(^ S(‘etion can 
easily be ground and finished by holding in the hand ; and this being done, it nnist bo 
cemented with hard Canada balsam to a small square of plate glass, in order to grind 
the other side, which operation. must be carefully carried on until tiio structure appears 
distinct and well defined. The finish requisite is best given by careful rubbing on the 
flat surface of a hone-stone until all traces of the lines of grinding and scratches are 
removed. 

Thin sections for microscopic study are then usually re-mounted in Canada balsam 
under a glass cover in the oi^innry way. 

XiAf 18 XJLKirXiZ. A silicate of soda, lime, and alumina, with the sulphide of 
iron and sodium in minute quantities. This beautiful mineral is found in crj^stalline 
limestone of a greyish colour, on the banks of the Indus, and in granite in Persia, 
China, and Siberia. 

The finest varieties are highly esteemed, being employed in the maimfacturo of 
costly vases. It was also the source from which the beautiful pigment ultramarine, 
was obtained, but this colour is now prepared artificially at a very cheap rate. See 
Ulthimabike. 

OXA8J8ZB, or Poi-sione. An impure form of stoatite. 

IMtUm Metal polishing-wheels. Metal wheels or laps made of nearly every meUil 
and alloy in common use, have been more or less employed in the mcichanical arts as 
vehicles for the application of several of the polishing-powders. ]lut of all laps, not- 
withstanding their variety, those of lead, slightly alloyed, and supplied with powdered 
emery, rendered the most conspicuous service. Generally the plane, or flat surface of 
l^e lap, is empl<^ed ; at other times the ^lindrical edge, as by cutlers ; but the portion 
actually ns^ in either case is called the Jace of the lap. There are several kinds of laps. 
The lap is in some cases a thin disc of metal, fixed by means of a screwed nut against 
a shoulder on the spindle, but it is better with lead laps to employ an iron plate cast 
holes to support the softer metal. The casting mould may in this case be either 
^ iron disc, with a central screw to fix the iron centre plate at the lime of pouring, or 
tiM amtildiBay be made of sand and in halves, after the usual manner of tlie foundry. 
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In either case the iron plate should be made as hot as the fluid metal, which, by 
entering the holes, becomes firmly united to the iron, especially if the holes are largest 
on the reverse side, or that away from the lead. — Roltzapffel. 

Lap is also a roll or sliver of cotton for feeding the cards of a spinning machine. 

The fat of the pig. 

IbAXtB OZXi. Lard being subjected to a pressure, an oil, oleine, is expressed, stearine 
being left. This lard oil is much used for lubricating machinery, and it has been em- 
ployed for the adulteration of olive oil. 

V.AJtBi:RlS]«XiZTB. A borate of ammonia, from the boracic-acid lagoons of 
Tuscany. 

BASKS. All Indian cut stones are called loftks. They are in general ill-shaped 
or irregular in their form, their tleptli ill-proportioned, and the table, or face, seldom in 
the centre of the stone, sometimes too broad or too small, and none properly polished. 
The chief thing regarded is saving the size and weight of the stone. Those stones are 
always new wrought when brought to Europe. 

BATKB-CORBS. Cords for turning lathes. These cords are made of intestines 
of liorses, clcMinod and prepared by tlio separation of the mucous membrane in the 
manner described under Gonn Ekaters’ Skin. A wooden ball, armed in its lower 
part with four cutting blades, at equal disbinces from each otlier, is fixed by an 
ujij’ight piece of wood to a bench. The end of anintestino is then drawn over this ball, 
and as the gut is pulled dowmwards it is diA'ided into four equal bands or strips. 

I'our or eight of these strips, aceording to the thickness w’hicli it is intended to giA'e 
to the cord, are tied witli a peculiar knot to one end of a thick piece of cord. The end 
is passed around a peg intrcxluced into a hole in a solid post, to the side of which a 
number of pegs are attached. At a distance of ten or elcA'en yards from the first 
one, aTiother post is fixed, similarly provided with pegs, and over one of these latter 
tlie niiildle of the assemblage of strijis is jiassed, the other end being brought back, and 
allachod to the first peg by means of another knotted cord. The tied end of the strisp 
is tlieii attached to the wheel by a hook connected with the ivhirl, which is made to 
n'AUilve until the strips are sufficiently twisted. The twistetl end is then kept 
stretched by attacliing it to the peg, and any projecting filnmeiits are cut off. After 
being stretched for some time, the conls are then twistid again, and a third and 
a fourth time are twisted by hand, being each time rubbed will) and drawn through a 
bunch of moistened horsehair after the twisting, and again stretched out between tho 
two posts. If the cord is not smooth and even after tluj twisting is completed, it is 
made so by rubbing with a piece of dog-skin. It is tlu>n dried, and by some makers 
is exposed to the vapours of sulphur. At last tho ends are cut ofti and the cord is 
rolled in a coil. 

In order to avoid the putrid emanations, from tho intestines, which are generally 
in HU incipient state of decomposition, Labarraque recommends to clean them at 
once, turn tho inside out, and put them to soak over night in a cask containing, for 
fifteen or tw'cnty intestines, chloride of potash, at 13° or 18°, 1 lb.; water, 4 gallons. 
Tho mucous membrane is read;y to be detached the next day; and after its reraoA’al, 
and a thorough washing, the intestines can at once be prepared, as has been already 
described. 

BATB WOOD. The outside cuttings of fir-trees, used for being split into laths. 

XiATTBMT is a somewhat antiquated term, which was applied to several kinds of 
slieet motJil. ‘ Mines of laiten, whatever may have been meant by the w’ord, are men- 
tioned in tho time of llc-nry \T., wlio inado his cliaplain, John Botteright, comp- 
troller of all his mines of gold, silver, copper, lattai, lead, within the counties of 
Levon and Cornwall.’ Is tin meant by the term? — Watson's Chemical Essays. 

In the reigns of Henry VHI. ami Kd^A-ard VI,, several acts of parliament were 
passed, prohibiting the tsxportation of brass, copper, lattcn, bell-metal, gun-motjil, 
yclirof metal, &c. "Windows framed with lead are called lattice windoAvs in the 
West of England. 

The term is now applied to sheet or plate brass. Black latten is rolled sheets ; 
shaven latten is in thinner sheets ; and roll latten is polished on botli sides. 

XtATTGKXM'G GAS. Tho popular name of nitrous oxide or nitrogen mmoxidz, 
!NO (ir=*0). It is best prepared by heating solid nitrate of ammonia, this salt being 
resolved by heat into laughing gas and W'ater. Tlio gas, w'hen inhaled, produces a 
X>ecuiiar intoxicating effect, usually w’ithout being folloAved by any ill consequences. 
Of late years laughing gas has been largely used by dentists as an anaesthetic. Care, 
howcA’-cr, is noed<M in administering it, as niaji j>ro4tico serious results on individuals 
suffering from certain affections of thp hen^t. . . . ^ 

ZhAirxiKOirrZTBt or Efflorescing f:eoHte, A hydrous silicate of alumina and lime, 
occurring in cavities in amygdaloic|Iil tr;ip rojfks ajid in, metalliferous veins. It is 
common in some of the copper deposits of {ike f upoj^or. , ^ 
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]«Anrimc A miner’s term for a wooden tube or gutter to convey water. A 
long shallow trough, carrying off the ore from the stamps. 

OIli. Tnis oil is known also under the name of ‘ oil of hays' and is 
obtained from either the fresh or dried berries of the hay tree {Laurus nobilis), which 
grows principally in the south of Europe ; and is also cultivated in our gardens, tho 
leaves heing used by the cook on account of thoir flavour. Tho berries wore 
analysed by Bonastro in 1824, and amongst other things, were volatile oil, 0 8, laurin 
^mphor of the bay beriy), 1*0, and &cod oil, 12 8, in 100 parts of tho berric's. 
Duhamel states that the fixed oil is obtained from tho fresh and ripe berries ]>y 
braising them in a mortar, lx)iling them for three or four hours in water, and them 
pressing them in a sack. The expressed oil is mixed with the de-coction, and on 
cooling is found floating on the surface of the water. Wlien tho dried berries aro 
used, fiiey are first subjected to the vapour of water until they are well soiiked, and 
are then rapidly press^ between heated metallic plates. Ey the latter process they 
yield one-fiftli of their weight of oil. It is imported in barrels from Trieste. It has 
a butyrjiceous consistence and a granular appoJiranco. Its colour is greenish, and its 
odour like that of the berri<5S. Gold alcohol extracts from it tho essential oil and 
green colouring matter, leaWng the laifro-stearine, which composes the principal part 
of it. With alkalis it forms soaps. But its principal use is in medicine, and more 
particularly in veterinary medicine. It lias been used as a stimulating liniment in 
sprains and bruises, and in jiaralysis. 

Native Oil of Laurel {Hancock) ; Laard Turpentine {StenhousrX — Imported from 
Demorara; obtained by incisions in the bark of a large tree, allied by tho Spaniartls 
*A£'eyte de sassafras' growing in the vast forests between the Orinoco and tho 
Parime. This oil is transparent, slightly yellow', and smells like turpeuline, l)nt 
more agreeable, and approaching to oil of lemons. Its specific gravity nt tOO'^ Fahr. 
is 0*8645. It consists of two or more oils isomeric with each other, and with oil of 
turpentine. Its colour is due to a little resin. It is an excellent solvent for caout- 
chouc. — Pereira. 

liAV&XC ACZB, An acid obtained from the fat of the bay tree {Laurus nohilis), 
and from the oil of pichurim beans {Faha pichurim maj.) 

XiAmZTS. A sulphide of osmium and ruthenium, found in the platinum wash- 
ings in Borneo. 

XiAVA, Tho ejected matter of rolconoos. ‘ Tho stone which flow's in a m(?lted 
state from a volcano.’ — Lyell. M. Abich obtiiined from the Etna lava of 1069, 48*8JJ 
silica. He found the lava to consist of 64*80 labradorite, 34*16 augitc, 7*08 olivine, 
and 3*08 magnetic iron. 

Bischoff gives the following two analyses of lava: — 





llecla 

Etna 

Silica . . • 



. 64-76 

49*63 

Alumina . , 



. ]3'61 

22* 17 

Peroxide of iron . 



. 16*60 

10*80 

Lime . , • 



. 6*34 

906 

Magnesia 



. 1*35 

268 

Potash . 



, 3-41 

3(t7 

Soda ... 



. 1*21 

0*98 


XJiVA-WAKB. A peculiar stoneware, manufactured and coloured to assume 
the semi-vitreous appearance of lava. 

XbAVSR. Porphyra laciniata and TJlva latissinxa. See Ana.®. 

&AVBVBBB, bXB 07. See Perfumery. 

From tho flowers of the Lavandula spicata the oil of spike is obtained, whicli is 
used by painters on porcelain, and by artists in tho preparation of some varnishes. 

&AWW. A flne linen fabric. 

BAXirXiXTX (Eng. and Fr. ; Lazuliih, Ger.), from an Arabic word, azul, meaning 
heaven. It is a blue vitreous mineral, found massive and crystalline, traversing clay 
filate, and sometimes associated with spathic iron ; spec. grav. 2*76 to 2*94 ; si'ratches 
glw; ^ords a littie water by calcination ; fusible into a white glass; dissolves in 
acids with loss of colour ; the solution leaves an alkaline residuum, after being treated 
•with osrbpnate of ammonia, filtered, evaporated, and calcined. By analysis it is found 


to consist of 


1 

3 

PhoBphonc acid \ 

■ • 

• 48*88 

46*79 

Alumina . • 

• • 

. 31-77 

27*10 

Protoxide of iron • 

• • 

• 8*90 

7-10 

Ifagnona • • 

• • 

• 9*89 

11-87 

W«t«r . a . 

• « 

« 5*56 

rn 
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&1ULO. {Pf'Omh, Fr. ; "BleU Ger.) ^his metal appears to have been known at 
a very earlj^ period. It is mentioned by Moses, as a metal in common use. Job 
describes mining for lend, and the metallurgic processes of refining and separating 
silver from lead are very clearly described by both Job and Jeremiah. Lead has a 
bluish-grey colour, and, when recently cut, it exhibits considerable lustre, which, 
however, it speedily loses. It is one of the softest of the ordinary metals, is easily 
cut with a knife, may be scratched with the nail, and marks paper with a grey stain. 
Load is malleable, and may be beaten into thin leaves, but those are of vei^ imperfect 
tenacity ; hence, it cannot be drawn into thin wire ; a wire of ^^th of an inch in dia- 
meter will not support 20 lbs. 

If lead be prepared in a very finely divided state, it is pyrophoric. This is iisually 
prepared from the tartrate of lead, by heating it in a glass tube as long as any fumes 
are evolved ; consequently, it is finely-divided lead, combined with some carbon. As 
soon as the fumes cease, the tube must be clo.sed at the blowpipe-lamp. If at any time 
the tube is broken, and the powder scattered in the air, it burns with a red flash. 

If lead is heated in closed vessels, it fuses at 635° F. (335° C.), and at a red 
heat, it gives off vapours. If fused lead is allowed to cool slowly, it crystallises in 
a somewliat peculiar manner ; the crystals are referriblo to the cubic system, but 
they group themselves in a very complicated and interesting way. 33y the electro- 
chemical action of zinc on a solution of the acetate of lead, ci’j’stals of that metal are 
obtained in an arborescent form. This experiment is usually spoken of as the forma- 
tion of Saturn^ s tree, Saturn being the alchemic name for this metal. 

When fused in the air, load oxidises rapidly, and it becomes covered with an 
iridescent pellicle, often of greiit beauty. It then passes into a yellow powder 
(litharge), protoxide of lead. 

Pure lead is not affected by perfectly inire water free from air; but if air be present, 
the metal is oxidised at its expense, and the oxide thus formed, combining with 
carbonic acid, is deposited on the lead in minute cr^’stals as a basic carbonate of lead. 
The water will then be found to contain lead in solution, and such waters drawn 
from impure cisterns often produce very distressing consequences. If the water 
coiitfiins any sulphates, the lead is thrown down as a sulphate of lead, which is 
insoluble. 

The Ores of Lead. 

1. Native lead. — Mr. Greg appears to doubt the existence of native lead in this 
country. He says, however, ‘Native load has been recently discovered in undoubtedly 
genuine specimens in the province of Guanaxuuto in Mexico.’ Some equally goimino 
specimens of native lead have been found in the Grassington mines and examined by 
th(5 E<litor ; these Jirc in the cabinets of the Duke of Devonshire, and of the late Stephen 
Eddy, and it is now we presume in the possession of his son. 

2. Minium. Native oxide of lead, — This rnri* ore has been found in Anglesea, at 
Alston Moor, the Snailbeach Mine in Shropshire, at Grassington, the Leadhills in 
Scotland, and Wicklow in Ireland. Its composition is — lead, 90-66, oxygen, 9-34. 

3. Ccrufisite. Carbonate of lead. While Lead ore {Jileispath,Gcv.). — This ore occurs 
in crystals, in fibrous, coni[)act, and earthy masse.s. It is found at several of the lead 
mines of Gornwall and Devonshire; remarkably fine specimens have been obtained 
from Frank Mills Mines in Devonshire, one of which is in the Museum of Practical 
Geology. In nearly all the mines producing the ores of lead, cericssite is formed, 
varying much in its clniracter w-ith the different conditions under which it has been 
formed. 

Tliis ore, in its purest state, is Colourless and transparent like glass. It may be 
recognised by the following charaHers: Its specific gravity is from 6 to 6*7 ; it dis- 
solves with more or less ease, and with effervescence, in nitric acid ; becomes im- 
mediately black by the action of sulplniretted hytlrogeii, and melts on charcoal before 
the blowpipe into a button of lead. According to Klaprt>th, the carbonate of Leadhills 
contains 82 ])arts of oxide of lead, and J6 of carbonic acid, in 98 parts. This mineral 
is tender, scarcely scratches ciilcspar, and breaks easily with a waved conchoidal 
fracture. It possesses the double refracting property in a very high degree; the 
double imago being very visible on looking through the flat faces of the prismatic 
crystals. Its crysttilline forms are very numerous, and are referrible to the rhombic 
system. It is also found in an earthy stfite. 

4. Anylesite. Sulphate of lead, or Vitreous lead (Bldvitriol, Ger.), — This mineral 
closely wsembles carbonate of lead ; so that the external characters are inadequate to 
distinguish the two. But the following are sufficient It does not effervesce with nitric 
acid ; it is but feebly blackened by sulphuretted hydrogen ; it first decrepitates and then 
melts before the blowpipe into a transparent glass, which becomes milky as it cools. By 
the combined action of heat and charcoal, it passes first into axed pulTemlent ozid^ 
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And then into metallic lead. It consists, according to Klaproth, of 71 o»de of le^, 
25 sulphuric acid, 2 urater, and 1 iron. The prevailing form of crystallisi^jon is the 
rectangular octahedron, vrhose angles and edges are variously modified. This minoml 
was first recognised in Anglesea, hence its name. It was found in the Channel Islands 
at Sark Mine, and is occasionally met with in the Lcndhills and at Wanlockliead in 
Scotland, at Glemalure in Wicklow, and at Ballycorus Mine, Co. Dublin. 

6 . Phosphate of lead. Pyromorphite.^l^liiB, like all the combinations of load with 
an acid, e^ibits no metallic lustre, but a variety of colours. Before the blowpipe, 
upon charcoal, it melts into a globule externall3’^ crystalline, which by a continuance 
of the heat, with the addition of iron and boracic acid, affords metallic lead. Its con- 
stituents are 80 oxide of lead, 18 phosphoric acid, and 1*6 hydrochloric acid, according 
to Klaproth’s analysis of the mineral from Wanlockhoad. The crystalline forms are 
derived from an obtuse rhorabohedron. Phosphate of lead is a little harder than white 
lead ; it is easily scratched, and its powder is always grey. Its s])o<*ific gravity is G O. 
It has a vitreous lustre, somewhat adamantine. Its lamellar tc'xtiire is not very 
distinct; its fracture is w’avy, and it is easily frangible. The phosphoric and arsenic 
acids being, according to M. Mitscherlicli. i-soniorphons bodies, may ri'jdaco each other 
in chemical combinations in ever}^ proportion, so that the pliospliate of It'ad maj’^ include 
any proportion, from the smallest fraction of .•ir.‘ienic .'icid to the smallest fraction of 
phosphoric acid, thus graduating iudefiriitcl}’ into arsenate of lead. The j’ellowish 
variety indicates, for tlie most p.-irt, the presi-nee of Jirsenic acid. It is found in 
Cornwall, Devonshire, Yorkshire, Dorbj’shire, and Cumherland, very fine specimens 
being found in the Alston Moor mines, 

6. Arsenate of had. Mimetcsitc. — The name is derived from ixifxi)Ti]s. imitalor, 
species so nearly resembling pyromorphite. The colour of t his ore va^i(^s from straw- 
yellow and wax-yellow to brown, reddish-brown, orangis j'ollow, and red. Befort* the 
blowpipe, on charcoal, it emits arsenical fumes, and yields a bead of lead. The analysis 
by Dufrenoy gives the following as its composition : — 


Arsenate of lead H4'!)5 

Phosphate of lead 4 AO 

Chloride of lead 9*06 


At Drygill, in Cumberland, this ore has been mot with in sufficient almndanooto bo 
worked to some extent as an ore of lead. The mimetesite from this mine was at one 
time used in the manufacture of flint-glass, to which it gave great brilliancy. Tlu* 
form of the arsenate of lead, when it is crj’sUllised, is a prism with six faces, of 
nearly the same dimensions as that of phosphate of lead. Wlien pure, it is reducible 
up«n charcoal, before the blowpipe, into metallic lead, with the copious exhalation of 
arsenical fumes; but only in part, and leaving a crj’stalline globule, w'hon it contains 
any phosphate of lead. The arsenate of lead is tender, friable, sometimes even 
pulverulent, and of specific gnivity 5 04. That from the Saxon mines of Johaiin- 
Georgenstadt, consists, according to Bose, of oxide of lead, 77*5 ; arsenic acid, 12*5 ; 
phosphoric acid, 7*5 ; and chlorine, 1*5. 

7. Stdphide of lead. Galena (Blciglam, Ger.). — This is the mo.st abundant ore of 
lead ; it may be indeed n'gardod as the only commercial ore of value, if we exct‘j*t 
the carbonates, which are probably formed hy the decomposition of galena. Its pre- 
vailing forms are the cube and a combination of the cube and octahedron ; lustre 
metallic, opaque, colour and streak had (jrey. Fracture conchoidal, but difficult to 
obtain, owing to the readiness with wliich it cleaves. ’J’he localities of galena need 
not be nam^ hero, as the lead -producing districts, of which a list will be presently 
given, will include them, galena occurring in them all, Thomson’s analysis of 
galena gives — 

Lead 85*13 

Sulphur 13*02 

Iron . . 0*50 

‘It is a remarkable fact that silver should invariably bo present in galena, some- 
times, indeed, in veiy minute proportion ; and the same generalisiitiou may now' he 
received as established -wi^ respect to the presence of gold. The silver, it is certain, 
usually exists iu galena in the state of sulphide ; and so, prolmbly, does the gold. 
The mode of existence of sulphide of silver in galena is not alw'ays the same, as may 
be inferred from the fi^rt that by waking, nearly the whole of the silver is carried 
awav from some kinds of galena ; while by the same treatment of other kinds of galena 
1^ loss of silver is inconsiderable. It is an error to suppose that largely-crystalliiie 
IpUena is generally poor in silver.’ — Percy. 

S. JamuowUe is a combination of lead, antimony, and sulphur. It occurs iu acicular 
0s in parallel or diverging groups, and more frequently in fibrous masses. It 
liwiiid in many places in Cornwall and Devon. Hose’s analysis gives the following 
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Lead 

Antimony 

Iron 

Copper . 

Zinc 

Sulphur 


38*71 

34-90 

2-96 

0-21 

0-74 

26-63 


103-06 

Some Jamesonite found near Bampton in Devon contained 15 per cent, of silver. 

9. Bournonite is found near Liskeard in Cornwall, not far from Kingsbridge, and 
close to Beer Alston in Devonshire. It occurs in many places on the Continent, and is 
found in both North and Soutdi America. Eammelsberg gives it the following com- 
position : — 

Lead 42-54 

Antimony 24*71 

Copper . . . . 13*03 

Sulphur 19*72 


100-00 

This mineral may be regarded as a double sulphide of load and antimony, analogous 
to the double sulphide of copper and iron. 

The following ores of lead are only of mineralogical interest ; — 

10. Chloro-carhonate of lead, Cromfordite. Bhosgenite, Horndead, — This ore has a 
pale yellow colour, is reducible to metallic lead by the agency of soda, and is not 
altered by the hydrosulphides. Before the blowpipe it molts first into a pale yellow 
transparent globule, with salt of phosphorus and oxide of copper, and manifests the 
presence of chlorine. It is fragile, tender, softer than carbonate of lead, and is some- 
times almost colourless, with an adamantine lustre. Spec. grav. 6*06. Its constituents, 
according to Berzelius, are, lead, 25-84 ; oxide of lead, 57'07 ; carbonate of lead, 6-25 ; 
chlorine, 8*84 ; silica, 1*46; water, 0*54, in 100 parts. 

11. Tlattnente. Bu'per^ or Unoxide of lead. A doubtful species. 

12. lAnarite, Cupreotts svlphate of lead. Found at Leadhills, and in Cumberland. 

Smannite, Stdphato-carhonaie of lead. Occurs at Leadhills. 

14. Lanarkite. SulphatO’Carbonate of lead. Ditto. 

\6. Leadhillite, Sulphato-tricarhonate of lead. Ditto. 

16. Caledonite. Cupreous sidphato-carbonate of lead. 

17. Vanadinate. Vanadate of lead. 

18. Wulfenite. Molybdate of lead, 

19. Geocronite, Stdphantimonide of lead, 

20. Mendipite. Oxychloride of lead. 

21. Matlockitet ditto. 

22. Crocoisite. Bed lead ore or Chromate of lead. 

23. Vaumielinite. Chromate of lead and copper. 

A few other lead-bearing minerals might nave been named, but from their having 
no commercial value, it has not been thought necessary to do so. 

The ores of lead, which may be represented by galena, or the sulphide of lead, that 
being the truly commercial variety, are found in rocks of different ages from the 
granite and clay-slates to the Triassic formations. In the Devonian slate rocks, in 
the neighbourhood of Liskeard in Cornwall are many most productive lead mines. 
To the north of Truro is the abandoned lead mine Huel Bose, which from its long 
celebrity gave its name to the district ; and again to the south of Eelstone there have 
been some valuable workings for lead. These formations of lead ore have all been in 
the clay-slate, or ‘ killas ’ rocks of Cornwall. In Devonshire many most valuable lead 
mines have been worked in similar rocks. In these the celebrated mines of Beer 
Alston on the Tamar existed. With a very few exceptions, but little lead has been 
discovered in the black slates, — the carboniferous scries of Devonshire. Some lead 
ore has, however, been discovered in the New Bed Sandstone and in the slate rocks im- 
mediately adjoining them near Newton St. Cyres. To the north of the carboniferous 
rocks of Devonshire we have a renewal of clay-slate rocks, similar in all respects to 
t hose which are found near Liskeard in Cornwall ; in these rocks are the once famous 
argentiferous lead mines of Combe Martin, from which Edward the Black Prince 
derived an immense revenue. 

TheJead mines of the Mendip Hills, which were at one time very poduCtiTe, are in 
the mountain-limestone formation. The lead which is now obtained from the Mendips 
10 smelte^from the refuse slimes and slags left by the old miners. Those of 

voL. m. 2 
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OavdiganshiM ase found in clay-slates and ^itetones, correspondent with or underlying 
the lowest beds described by Sir E. Murchison in his Silurian System. 

In Shropshire we have Imd ore occurring in the original Silurian rocks, the Llandeilo 
formation. * In that lofty and rugged district of Shropshire which lies around the 
village of Shelve and the Comdon mountains, and which extends west of the Stiper 
Stones range into Montgomeryshire* (Murchison), lead lodes are abundant. In 
Derbyshire, in Yorkshire, in Cumberland, Northumberland, and Durham, the lead 
mines prove the most productive in the mountain-limestone formations, although there 
are some instances in which good load mines have been worked in the sandstones and 
shales. In addition to these, we have the mines in the Leadhills and at Wanlock- 
beadi ooosistiDg chiefly of the Silurian slates, in Scotland ; Lu^nure, &c., in the 
mmte districts of Wicklow, Newtonards in County Down, wim a few others in 
Dreland, and the lead mines in the Silurian rocks of the Isle of Man, — ^these are the 
principal districts from which our large supplies of lead ore are obtained. 

The principal lead mines at present worked in other parts of the world are the 
following: — 1. PouUaouen and Huelgoet, near Carhair in France, department of 
Finisterre, being veins of galena, which traverse a clay-slate resting on granite. They 
have been known for upwards of three centuries; the workings penetrate to a 
d^th of upwards of 300 yards, and in 1816, furnished 600 tons of lead per annum, 
out of which 1,084 pounds avoirdupois of silver were extracted. 2. At Villefort and 
Viallay, department of Loz^ro, are galena mines said to produce 100 tons of lead 
per annum, 400 kilogrammes of silver (880 lbs. avoird.). 8. At Pezey and Macot, to 
the east of Moutiers in Savoy, a galena mine exists in talc-schist, which has produced 
annually 200 tons of lead, and about 600 kilogrammes of silver (1,230 lbs. avoird.). 
4 . The mine of Vedrin near Namur in the Low Countries, is opened upon a vein of 
galena, traversing compact limestone of a transition district ; it has furnished 200 
tons of lead,, from which 385 pounds avoirdupois of silver were extracted. 6. lu 
Saxony the galena mines are so rich in silver as to make the lead almost overlooked. 
Th^ are enumerated under Silver Ores. 6. The lead mines of the Hartz have been 
likewise considered as silver ones. 7. Those of Bleyberg in the Eifel are in the 
same predicament 8. The galena mines of Bleyberg and Villach in Carinthia are 
in compact limestone. 9. In Bohemia to the south-west of Prague. 10. Mines of 
Joachimsthal and Bleistadt on the southern slope of the Erzgebirge, produce arg('nti- 
ferous galena. 11. There are numerous lead mines in Spain, the most important 
being in the granite hills of Linares, upon the southern slope of the Sierra Moron.' t, 
and in the district of the small town of Caujagar. Sometimes enormous masses of 
galena are extracted from the mines of Linares. There are also mines of galena in 
Catalonia, Granada, Murcia, and Almeira, the ore of the last locality being generally 
poor in silver. 12. The lead mines of Sweden are very argentiferous, and worked 
chiefly with a view to the silver. 13. The lead mines of Daouria are numerous and 
rich, lying in a transition limestone, which rests on primitive rocks ; their lead is 
neglected on account of the silver. 

There have been a few lead mines in this country, which have been equally pro- 
ductive of silver. This was especially the case with the lead mine which was 
formerly worked near Combe Martin, and the mines formerly worked at Boer Alston 
in Devonshire. One of the most remarkable of recent examples, is a small mine know n 
as Huel Florence, near Tavistock, from which some lead ore has been sold at upwards 
of dOi, a ton, on account of the l^e quantity of silver it contained. At the conclu- 
sion of this article some tables wdll be given, showing the argentiferous character of 
the dIflIreBt lead-producing districts of the United Kingdom. 

Before proceeding to the consideration of the metallurgy of lead, a few brief notices 
of the history of lead mining may not be out of place. 

As ire have already stat^, mining for load roust have been one oT the earliest of 
man’s sabterranean labours, and at all periods of histoiy we learn that lead mines 
have been worked. The Bomans, especially, worked lead mines in Spain, and, after 
the conquest of this country, in many of our lead-producing districts, especially in 
Oaidifluishi^ Shropshire, and Flintshire. 

Leed mining appears to have been carried on from a very early period in Alston 
Koar, and some otw of the northern districts. But in the west of England, lead 
gfarfn g must be regarded as a somewhat recent industry. 

Bonaae metitions» in I7d8t that lead mines had anciently and lately been worked 
to Ckmwall, and th^ those most noted formerly were Penrose, Penwerty, Trevascus, 
and Gnarnek (Garras). He states that Penrose mines (near Helstone) had 
htiirimiight for about 200 years— that is, from about the middle of the sixteenth 
they had yielded tolerable profit within thirty years. The only 
worthy of note at work in his time, was at St. Issy, near Padstow. Pryce 
the lead ore of Gaitas, near Truro, to have been so argentiferous, t^t when 
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wrought about 1720, it produced 100 oz. of silver in the ton of lead. HuelFool, 
near Helstone, about 1790, yielded from 40 to 60 oz. of silver per ton of lead, and 
works were erected for extracting the silver. The lead ore of Wheal Bose contained 
60 oz. of silver per ton. 

In Devonshire, the Combe Martin and Beer Alston mines have long been cele- 
brated for their argentiferous lead ores. It is stated that the produce of these mines 
was unusually great in the reigns of Edward I. and Edward n. In 1293, William 
de Wymundham accounted at the Treasury for 270 lbs. of silver raised in Devon, 
In 1294, it amounted to 62D. 10«. weight; and in 1294, to 704^. 35. \d. weight. In 
1296, great profit is stated to have been derived from the Devon mines ; and 360 
miners were impressed out of Derbyshire and Wales to work in them. In 1360, a writ 
was issued, authorising certain persons to take up as many miners and workmen as 
should be necessary to work in the king’s mines in Devon, allowing them reasonable 
wages according to the custom of the country ; to arrest and imprison such as should 
resist, till they should give security to serve the king in the said mines, and to buy 
and provide timber at a competent price. 

Henry, bishop of Winchester and cardinal of England, as one of the executors of 
John, duke of Bedford, who had a grant from the lung of the gold and silver mines 
of Devon and Cornwall, rendered 26 lbs. and 2 oz. weight of pure silver as the 15th 
part of the pure silver raised in those counties from 16th December, 21st, to 16th 
August, 23rd of the same king s reign. 

The Combe Martin mine was re-opened in the reign of Elizabeth. The working 
of this mine was strongly recommended to the Long Parliament in 1659; but 
Lysons observes that it does not appear to have been again worked until the close of 
that century, and then without success. In 1813 it was again opened and worked 
for four years, producing only 208 tons of ore in that time. In 1837 they were again 
worked, and it was evident that tlie previous mining operations had been very un- 
skilfully managed. The two lodes near Beer Alston have produced large quantities of 
argentiferous galena, often containing from 80 to 120 oz. of silver per ton of lead. 
According to Mr. Hitchings, the greatest quantity which occurred in that part of them 
named the South Hooe mine was 140 oz. of silver per ton of lead. In 1784 and 1785 
the silver produce of these mines amounted to 6,500 oz. From Huel Betsy, near 
Tavistock, which was re-opened in 1806, from 300 to 400 tons of lead, and from 
4,000 to 5,000 oz. of silver, were annually obtained. Lead mines were worked at a 
very early period in the Isle of Man, but the recent workings only date from the 
commencement of the present century. The mines of Cardiganshire were evidently 
worked by the Komans. In the reigns of Henry VII. and of Elizabeth they attracted 
much attention, and German miners were invited to work them. 

The English lead-miners distinguish three different kinds of deposits of lead ore : 
taJce-veins, pipc’-veins, and flat-veins. The English word ‘ vein ’ corresponds to the 
French X^vmfilon ; but miners make use of it indifferently in England and France, to 
indicate all the deposits of this ore, adding an epithet to distinguish the different forms ; 
thus, rake-veins are true veins in the geological acceptation of the word vein ; pipe- 
veins are masses usually very narrow, and of oblong shape, most firequently parallel to 
the plane of the rocky strata ; and flat-veins are small bo^ of ores interposed in the 
middle of these strata. 

In the north of England, which, on account of its great preponderance in produce, 
we bike as the basis of our description of lead mining, the ores are for the most part 
found in veins {lodes in Cornish) and fiats. Although different names have been as- 
signed to occasional varieties, the usual occurrence of lead ore is in rake-veins, or 
direct running veins, usually named as veins^ with some distinctive appellation pe- 
fixed, as, for example, Kampgill Vein, Hudgillbum Vein. Other veins, lying parallel, 
receive a similar prefix, with the addition of the words north, east, or south ; but for 
the last-named the word sun is often used ; as, for instance, Hudgillbum Sun Vein, 
and 2nd and 3rd Sun Vein if further discoveries are made of oflier parallel veins. 
Considerable quantities of ore are also raised from horizontal extensions of portions 
of the vein called flats^ and these are interposed between the strata adjacent to the 
vein. 

Sake-veins are the most common form in which lead ore occurs in Cumberland. 
They are in general narrower in the sandstone which covers the limestone than in the 
calcarwus b^s. A thickness of less than a foot in the former becomes suddenly 3 or 
4 feet in the latter ; in the rich vein of Hudgillbum, the thickness is 17 feet in the 
Gr^t liTnestone, while it does not exceed 3 feet in the overlying Wat&rsill or sandstone. 
This infiuence exercised on the veins by the nature of the enclosing rock, is instruc- 
tive ; it determines at the same time almost uniformly their richness in ,lead ore, an 
observation similar to what has been made in other countries, especially in the veins 
of Kongsberg in Norway. The Cumberland veins are constanfly richer, the more 
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powerAil they are, in the portions which traverse the calcareous rocks, than in the beds 
of sandstone, and more particularly the schistose rocks. It is rare in the rock called 
(a solid slaty clay) Ibr the vein to include any ore ; it is commonly filled with a 
species of potter^s earth. The upper calcareous beds are also in general more produc- 
tive than the lower ones. In most of these mines, the veins were not worked till 
lately below the fifth calcareous bed (the four-fathom limestone), which is 307 yards 
beneath the Millstone-Grit ; and as the first limestone stratum is 108 yards beneath 
it, it follows that the thickness of the part of the ground where the veins are rich in 
lead does not in general exceed 200 ya^s. It appears, however, that veins have been 
mined in the neighbourhood of Alston Moor downwa^s to the eleventh calcareous 
stratum, or I^e bottom limestone, which is 418 yards under the Millstone-Grit of the 
coal formation, immediately above the whinsill ; and that they have been followed 
above the first limestone stratum, as high as the grindstone sill, which is only 83 yards 
below the same stratum of Millstone-Grit ; so that in the total thickness of the plumbi- 
farous formation is there more than 836 yards. It has been asserted that lead veins 
have been tracod even further down, into the Memerby scar-limestone ; but they have 
not been mined. 

The greatest enrichment of a vein takes place commonly in the points where its 
two sides, being not far asunder, belong to the same rock ; and its impoverishment 
occurs when one side is calcareous and the other a schistose clay. The minerals which 
most frequently accompany the galena are carbonate of lime, fluoride of calcium, sul- 
phate of baryta, quartz, and pyrites. 

The pipe-veins {amas in French) are seldom of great length; but some have a 
considerable width ; their composition being somewhat similar to that of the rake-veins. 
Ibey meet commonly in the neighbourhood of the two systems, sometimes being in 
evident oommunication together ; they are occasionally barren ; but when a wide pipe- 
vein is metalliferous, it is said to be very productive. 

The fiat-veins, or strata-veins, seem to be nothing else than expansions of the matter 
of the vein between the planes of the strata ; and contain the same ores as the veins 
in their vicinity. When they are metalliferous, they are worked along with the ad- 
jacent rake- vein, and are productive to only a certain distance from that vein, unless 
they get enriched by crossing a rake- vein. Some examples have been adduced of ad- 
vantageous workings in flat-veins in the great limestone of Cumberland, particularly in 
the mines of Coalcleugh and Nenthead. The rake-veins, however, furnish the greater 
part of the lead which Cumberland and the adjacent counties send every year into 
the market. 

The metalliferous limestone occupies, in Derbyshire, a length of about 25 miles from 
north-west to south-east, under a very variable breadtli, which towards the south 
amounts to 25 miles. Castleton to the north, Buxton to the north-west, and Matlock 
to the south-east, lie nearly upon its limits. It is surrounded on almost all sides by 
the Millstone-Grit, which covers it, and which is, in its turn, covered by the coal strata. 
The nature of the rocks beneath the limestone is not known. In Cumberland the 
metalliferous limestone includes a bed of trap, designated under the name of whinsill. 
In Derbyshire the trap is much more abundant, and it is thrice interposed between the 
limestone. Those two rocks constitute of themselves the whole mineral mass, through 
a thickness of about 650 yards, measuring from the Millstone-Grit ; only in the upper 
portion, that is near the Millstone-Grit, there is a pretty considerable thickness of 
aigillo-calcareous schists. 

Four groat bodies or beds of limestone are distinguishable, which alternate with 
three masses of trap, called toadstone. The lead veins exist in the calcareous strata, 
but disappear at the limits of the toadstone. It has, however, been ascertained that 
they recur in the limestone underneath. See Mines and Mining. 

Metaixubgy of Lead. 


Although lead forms an essential element in a large number of minerals, the ores of 
this metal are, strictly speaking, far from numerous. Of these the most important is 
sulphide of le^ or g^ena. This mineral, which possesses a metallic brilliancy, and 
has a lighter colour than metallic lead, presents, in its cleavage, all the variations 
from large frcettes and laminae indicating a cubic crystallisation to a most minutely 
granular structure. It is extremely brittle, and its powder presents a brilliant black- 
ishj;rey appearance. 

specific gravity of galena is 7*5 to 7*8, and its composition, when absolutely 

pan, is~ 

Lead 86*55 

Sulphur 13*45 


Lead 

Sulphur 


100*00 
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The next most important ore of lead is the carbonate, which is a brittle mineral, of 
a white or ^yish-white colour, having a specific gravity varying foom 6*46 to 6’60, 
Its composition is — 


Carbonic acid 16*05 

Oxide of lead 83*66 


99*61 

Large quantities of this substance occur in the mines of the Mississippi Valley in 
the United States of America, where they were formerly thrown away as useless, but 
have since been collected and smelted. Vast deposits of this substance have also been 
found in the Bimter sandstone, near Diiren in Prussia, and at Freyung in Bavaria. 

The extraction and mechanical preparation of ores is the business of the miner, 
and not of the metallurgist who receives them from the former freed as perfectly as 
possible from foreign matters. 

The metalhirgic processes, by the aid of which lead is obtained from galena, may 
be divided into two classes. The first of these is founded on the following reactions 
If one equivalent of sulphide of lead and two equivalents of the oxide of the same 
metal are fused together, the result is three equivalents of metallic lead and one 
equivalent of sulphurous acid, which is evolved. 

This reaction is represented by the following equation : — 

PbS + 2PbO = 3Pb + SO*. 

When, on the otlier hand, one equivalent of sulphide of lead and one equivalent of 
sulphate of lead are similarly treated, two equivalents of lead are obtained, and two 
equivalents of sulphurous acid are evolved. Thus : — 

PbS + PbO.SO» = 2Pb + 2SO*. 

The process, founded on the foregoing reactions, and which we will distinguish as 
the method hy double decomposition, consists in roasting the galena in a reverberatory 
furnace until a certain amount of oxide and sulphate has been formed, and subse- 
quently, after having intimately mixed the charge, and closed the doors of the furnace 
causing the whole to enter into a state of fusion. 

During this second stage of the operation, the reaction between the snlphides, sul- 
phates, and oxides takes place, and metallic lead is eliminated. The roasting of the 
ore is, in some cases, conducted in the same furnace in which the fusion is effected, 
whilst in others two separate furnaces are employed. 

The process by double decomposition is best adapted for the richer varieties of ore, 
and such as are least contaminated by siliceous or earthy impurities, and is con- 
sequently that which is almost universally employed for smelting the ores of this 
country. 

By the second method, which we will call the process hy affinity, the ore is fused 
with a mixture of metallic iron, which by combining with the sulphur liberates the 
metallic lead. . This reaction will be understood by reference to the following equa- 
tion : — 

PbS + Fe = Pb + FeS. 

In practice, however, metallic iron is not always employed for this purpose ; cast 
iron is also frequently used, and in some instances the ores of iron and hammer-slags 
are substituted, as are also tap-cinder and other secondary products containing a con- 
siderable percentage of this metal. None of these substances are, however, found to 
bo BO efficacious ns metallic iron, since cast iron requires to be decarbnrised before it 
can readily decompose the sulphide of lead, and the ores of iron require the intro- 
duction of various fluxes, and the coni^uent expenditure of an additional amount of 
fuel. In all cases, however, it is judicious to subject the ore to a preliminary roasting, 
in order to eliminate a portion of the sulphur, and thereby reduce the expenffiture of 
iron, as well as to agglutinate the ore ana render it better adapted for its subsequent 
treatment in the blast-furnace. 

We will not attempt to describe the different forms given to roasting fomaces em» 
ployed for the ores treated by this process, but would remark that toey frequently^ 
resemble the kilns used for the preparation of lime, whilst in some instanees the orea 
are roasted in heaps interstratified with wood or other fuel. 

The method of treating ore by affinity is particularly adapted to those varieties that 
contain a considerable amount of silica, since such minerals, if treated hr doable de^ 
composition, would, by the formation of oxide of lead, give rise to silicates, frofi 
which it would be exceedingly difficult to extract the metal. 
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}EnffUik ProoesB. TSnaiiimi hy double decomposition. — Galena, if placed in a 
oloBe TMsel which protects it from the action of the air, and exposed to a gradually 
increasing temperature, becomes fused without the elimination of any lead taking 
place, but ultimately a portion of the sulphur is driven off, and a subsulphide is 
formed, which at a very elevated temperature is volatilised without change. 

If, however, the vessel be uncovered, and the air allowed to act on its contents, 
oxy^n combines with the sulphiur, sulphurous acid is evolved, and the desulphuration 
of the mineral is slowly effected. 

When galena is spread on the hearth of a reverberator^ furnace, and is so placed 
as to present the largest possible amount of surface to oxidising influences, it will be 
found that the snr&ce slowly becomes covered with a yellowish-white crust of sulphate 
of lead. The oxygen of the air, by combining with the two elementary bodies of 
which galena is composed, will evidently produce this effect. This is not, however, 
the only chemical change which takes place in the charge under these circumstances ; 
oxide of lead is product at the same time as the sulphate, or rather the formation of 
the oxide is prior to that of the sulphate. 

In feet, during the first stage of the operation of roasting, sulphurous acid is 
evolved, the sulphur quits the lead, and a portion of that metal remains in a free 
state. This becomes oxidised by the air passing through the furnace, and subse- 
quently a part of it combines with sulphuric acid, formed by the oxidation of sulphu- 
rous acid, and sulphate of load is the result. In this way, after the expiration of a 
certain period, both oxide and sulphate of lead are present in the furnace. 

During the early period of the roasting, w^hen the temperature of the furnace is not 
veiy elevated, the proportion of sulphate is larger than that of the oxide formed, but 
in proportion as the heat of the apparatus increases, the production of oxide becomes 
more considerable, whilst, that of the sulphate diminishes. 

The sulphate and oxide thus formed re-act in their turn on the undecomposed 
galeiyi, whilst a portion of the latter, by combining with the sulphide of load, gives 
rise to the formation of oxysulphide. 

This last compound has no action on galena, except to dissolve it in certain pro- 
portions, but is readily decomposed by the aid of carbonaceous matter. 

It is therefore evident that the addition of carbon, at this stage of the operation, 
will have the effect of reducing the oxide and oxysulphide of lead. 

Eveiy process then that has for its object the reduction of load ores by double 
decomposition, comprises two principal operations : 1st. The reduction of galena, by 
the aid of heat and atmospheric air, to a mixture of sulphide, oxide, and sulphate, 
which mutually decompose each other, with the elimination of metallic lead ; 2nd. 
The reduction of the oxysulphide by the addition of carbonaceous matter. 

The Reverberatory Furnace . — The reverberatory furnace employed for the treatment 
of galena is composed, like all other furnaces of this description, of three distinct 
parts, — the fire-place, the hearth, and the chimney. 

The hearth has to a certain extent the form of a funnel, of which the lowest point 
is on the front side of the furnace immediately below the middle door. The molten 
metal, descending from eveiy side along the inclined bottom or sole, is collected in 
this receptacle, and is ultimately run off by means of a proper tap-hole. This tap- 
hole is, during the operation, closed by a pellet of clay. 

The inclination of the hearth is more rapid in the vicinity of the fire-bridge than 
towards the chimney, in order that the liquid metal mny not be too long exposed to 
the oxidising and volatilising influences of a current of strongly-heated air. 

The dimensions given to these furnaces, as well as the weight of the charge operated 
on at one time, vary considerably in different localities, but in the north of England 
the following measurements are usually employed: — The fire-grate is 6 feet 9 
inches x 1 ftwt 10 inches, and the thickness of the fire-bridge 1 foot 6 inches; the 
length of the sole is 9 feet, and its average width 7 feet. The depth of the tap is 
about 2 feet 6 inches below the top of the inclined sole. The height of the roof at 
the fire-end may be 1 foot 4 inches, and at the other extremity 1 1 inches. 

The introduction of the charge is in some cases effected by the doors of the furnace, 
whilst in other instances a hopper, placed over the centre of the arch, is made use of. 

On the two sides of the furnace are placed three doors, about 11 inches x 9 inerhes, 
which are distinguished as 1, 2 and 3, counting from the fire-bridge end. The three 
doors on the one side are known as the front doors, whilst those on the other side are 
called the back doors. Immediately beneath the door on the front side of the furnace 
is situated the iron pan into which the molten lead is tapped off. 

The bottom of tUs arrangement is in most cases composed of fire-bricks, covered 
bya layer of vitrified slags, greater or less thickness. In order to form this bottom, 
um s)a^ are introduced into the fhmace, the doors closed, and the damper raised. 
An elevated temperatnre .is thus quickly obtained, and as soon as the eooriee have 
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become sufficiently fused, they are, by means of rakes and paddles, made to assume 
the required form. The charge employed, as before stated, varies in almost every 
establishment. In the North, however, smaller charges are used than in most o^er 
localities. At Newcastle, and in the neighbourhood, the charge varies from 12 to 14 
cwts. ; in Wales, and near Bristol, 21-cwt. charges are treated ; whilst in Cornwall, 
charges of 30 cwts. are not unfrequently worked. The time required for smelting a 
charge varies with its weight and the nature of the ores, from 6 to 24 hours. 

In some cases the ore is introduced raw into the furnace, whilst in others it under- 
goes a preliminary roasting previous to its introduction. Rich ores are generally 
smelted without being first calcined ; but the poorer varieties, and particularly those 
which contain largo quantities of iron pyrites, are, in most instances, subjected to 
roasting in a separate furnace. 

In order to understand more clearly the operation of smelting in furnaces of this 
description, we will suppose that a charge has just been tapped off, and that, after 
thoroughly clearing the hearth, a fresh charge of raw ores has been introduced. 
During the first part of the operation of roasting, which usually occupies about two 
hours, the doors are taken off to admit free access of air, and also for the purpose of 
cooling the furnace, which has been strongly heated at the close of the preceding 
operation. No fuel is fit this period charged upon the grate, since the heat of the 
furnace is of itself sufficient to effect the elimination of the first portions of sulphur. 
The ore is carefully stirred, for the purpose of constantly presenting a fresh surface 
to oxidising influences, and wlicn white fumes are no longer obsen'ed to pass off in 
largo quantities, a little coal may be thrown on the grate, and the temperature gradu- 
ally elevated until the charge becomes slightly clammy and adheres to the rake. 
When the rosisting is considered as being sufficiently advanced, the smelter turns his 
attention to the state of the fire, taking care to remove the clinkers and get the grate 
into proper condition for the reception of a fresh supply of fuel. The furnace doors 
ar(i now closed, and a strong heat is kept up for about a quarter of an hour, when the 
smelter examines the condition of his charge by removing one of the doors. If the 
operation is progressing satisfiictorily, and the lead flowing freely and passing without 
ol)Struction into the tap, the firing is continued a little longer ; but when the ores 
liave been found to have taken fire, or are lying unevenly on the bottom of the fur- 
nace, the position of the charge is changed by the use of an iron paddle. During 
this operation the furnace becomes partially cooled, and the reduction of temperature 
thus obtained is frequently found to produce decompositions, which facilitate the re- 
duction of the charge. In the case of extremely refractory ores, this alternate heating 
and cooling of the furnace is sometimes almost indispensable, whilst, in other in- 
stances, their being once or twice raked over is all the manipulation that is required. 

We will suppose that four hours have now elapsed since the charging of the fur- 
nace, and that the charge has run down the inclined sole towards the tap. The 
smelter now examines the condition of the scoriae, and adds a couple of shovelfuls of 
lime and three or four shovelfuls of small coals, the amount and relative proportions 
:)f these being regulated in accordance with the aspect of the slags. The charge is 
aow, by means of proper tools, again raised to the breast of the furnace, and the firing 
!on tinned until the cnargo has run down into the tap-hole. The foreman now takes 
lis rake and feels if any lumps remain in an unfused condition, and if he finds all to 
)e in a fluid state he calls his assistant from the other side, and by the addition of a 
unall quantity of lime and fine coal, makes the slag assume a pasty or rather doughy 
jonsistency. By the aid of his paddle he now pushes this compound up to the o]ppo- 
>ite side of the furnace, where it is drawn by an assistant through the back door into 
i trough containing water. Whilst the assistant is doing this, the foreman is busily 
mgaged in tapping off the metal into the iron pan in front of the furnace, from which, 
vhen sufficiently cooled, it i.s laded out into suitable moulds. 

The total duration of the operation may be about six hours. 

To build a furnace of the above description, 5,000 common bricks, 2,000 fire-bricks, 
ind 2 J tons of fire-clay are required. In addition to this, must be reckoned the iron- 
vork, the expense of which will be much influenced by the nature of the armatums 
iniployed and the locality in which the furnace is constructed. 

The amount of fuel employed for the treatment of a ton of lead ore vanes not only 
u relation to the richness of the mineral, but is also much influenced by the nature of 
lie associated matrix and the calorific value of the fuel itself. The loss of foetal ex* 
lerienced during the operation is mainly dependent on the richness of the ote treated 
md the skill and attention of the foreman. 

In the North about 12 cwts. of coal are consumed In the elaboratlcni of 1 1(« of 
ore, and the loss of metal on 60 per cent, ore may be estimated i^t piboot 12 per sent., 
of which about 6^ per cent, is subiwquently recovered from the Idikg and fames. At A 
well-conducted smelting works, situated in the west of Kn^ndf In iriiidi the sTeMfi 
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assay of the ores smelted during the year was 75i, the yield from the smelting fur- 
naces was 68 J per cent., and the coal used per ton of ore was 1 3^ cwts. The lead 
recorered from the slag and fumes amounted to 2} per cent., making the total yield 
of metal 71 i per cent., and the loss on the assay prince per cent. 

In this establishment the men are paid from 7'^- ^d. to 12s. 6^. per ton of lend, in 
accordance with the nature of the ores operated on. 

In one establishment the process before described is somewhat varied. The charge 
employed is 21 cwts. This is run down and tapped oif at the expiration of 6 hours, 
ana about 9 pigs of IJ cwt. each usually obtained. A second charge of 21 cwts. is 
then dropped in, and., as soon as it is roasted, mixed with the slags of the former 
operation. The whole is then run down in the ordinary way, the slags drawn and tho 
lead tapped oflf in 9 hours. The produce of the second or double diarge is from 14 
to 15 pigs. 

If Uie ores are difficult to flow, 16 to 16^ hours are required for the two charges. 
A small quantity of black slag from the slag hearth is employed for drying up. 

Figs. 1331, 1332, 1333, represent the reverberatory furnace at the Marquis of 
WesSninster's lead-smelting works, two miles from Holywell. The hearth is hollowed 
out below the middle door of the furnace ; it slopes from the back and ends towards 
this basin. The distance from the lowest point of this concavity up to the sill of tho 
door, is usually 24 inches, but it is sometimes a little less, according to the quality of the 
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ores to be smelted. This surface has no hole for running off the slag, above tho level 
of the tap-hole for the lead, like tho smelting furnace of Lea, near Matlock. A single 
chimney stack serves for all the establishment ; and receives all the flues of the various 
roasting and reducing furnaces. Fig. 1333 gives an idea of the distribution of these 
flues, a a a, &c., are the furnaces ; 5, the flues, 1 8 inches square ; these lead from 
each furnace to the principal conduit c, which is 5 feet deep by 2J wide ; c? is 6 feet 
deep by 8 wide ; e is a round chamber, 1 5 feet in diameter ; y is a conduit, 7 feet high 
by 6 wide ; g another, 6 feet high by 3 wide. The chimney at h has a diameter at 
lx>ttom of 30 feet, at top of 12 feet, including the thickness of its sides, forming a trun- 
cated cone 100 feet high ; whose b^ standsupon a hill a little way from the furnaces, 
and 62 feet above their level. 

0, figs, 1381, 1882, is the grate ; 5, the door of the fire-place ; c, the fire-bridge ; 
^ the arched roof ; the hes^ ; // /, &c., the working doors ; g y, flues running 
into one conduit, which leads to the subterranean condensing-chamber e, and thence to 
the general chimney; a hopper-shaped opening in the top of the furnace, for sup- 
plj^it with ores. 

This am g i u fl ewit stmetnre is not destined solely for the reduction of the ores, but 
m^o fat di ^p ati n g all the vapoiixs which might prove noxious to the health of the 
nodk-peopla and to Ti^getadon 
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The ores smelted at Holjrwell are very refractory galenas, mixed with blende, cala- 
mine, pyrites, carbonate of lime, &c., but without any fluoride of calcium. They serve 
mutually as fluxes to one another. The coal is of inferior quality. The sole of each 
furnace is formed of slags obtained in the smelting, and they are all of one kind. In 
constructing it, 7 or 8 tons of these slags are first thrown upon the brick area of the 
hearth ; are made to melt by a brisk Are, and in their stiffening state, as they cool, they 
permit the bottom to be sloped and hollowed into the desired shape. Four workmen, 
two at each side of the furnace perform this task. 

The ordinary charge of ore for one smelting operation is 20 cwts,, and it is introduced 
through the hopper. An assistant placed at the back doors spreads it equally over the 
whole hearth with a rake ; the furnace being meanwhile heated only with the declining 
fire of a preceding operation. No regular fire is made during the first two hours, but 
a gentle heat merely is kept up by throwing one or two shovelfuls of small coal upon 
the grate from time to time. All the doors are closed, and the register-plate of the 
chimney lowered. 

The outer basin in front of the furnace is at this time filled with the lead derived 
from a former process, the metal being covered with slags. A rectangular slit above 
the tap-hole is left open, and remains so during the whole time of the operation, unless 
the lead should rise in the interior basin above the level of that orifice ; in which case 
a little mound must be raised before it. 

The two doors in front furthest from the fire being soon Opened, the head-smelter 
throws in through them, upon the sole of the furnace, the slags swimming upon the 
bath of lead, and a little while afterwards ho opens the tap-hole, and runs off the me- 
tallic lead reduced from these slags. At the same time his assistant turns over the ore 
with his paddle, through the back doors. These being again closed, while the above 
two front doors are open, the smelter throws a shovelful of small coal or coke cinder 
upon the lead-bath, and works the whole together, turning over the ore with the paddle 
or iron oar. About three quarters of an hour after the commencement of the operation, 
he throws back upon the sole of the hearth the fresh slags which then float upon the 
bath of the outer basin, and which are mixed with coaly matter. He next turns over 
these slags, as well as the ore with the paddle, and shuts all the doors. At this time 
the smelter lades off the lead into the pig-moulds. 

The assistant now turns over the ore once more through the back doors. A little 
more than an hour after the operation began, a quantity of lead proceeding from the 
slag last remelted is run off by the tap ; being usually in such quantity as to fill one 
half of the outer basin. Both the workmen then turn? over the ore, wi^ the piddles, 
at the several doors of the furnace. Its interior is at this time of a dull red heat ; the 
roasting being carried on rather by the combustion of the sulphurous ingredients, than 
by the action of the small quantity of coal in the grate. The smelter, after shutting 
the front doors, with the exception of that next the fire-bridge, lifts off the fresh slags 
lying upon the surface of the outside bath, drains them, and throws them back into 
the furnace. 

An hour and a half after the commencement, the lead begins to oose out in small 
quantities from the ore ; but little should be suffered to flow before two hours have 
expired. About this time the two workmen open all the doors, and turn over the ore, 
(Mich at his own side of the furnace. An hour and three quarters after the beginning, 
there are few vapours in the furnace, its temperature being very moderate. No more 
lead is then seen to flow upon the sloping hearth. A little coal being thrown into the 
grate to raise the heat slightly, the workmen turn over the ore, and then close all the 
doors. 

At the end of two hours, the first fire or roasting being completed, and the doors 
shut, the register is to be lifted a little, and coal thrown upon the grate to give ^e 
second fire, which lasts during 25 minutes. When the doors are now opened, the inside 
of the furnace is of a vivid red colour, and the lead flows down from every side towar^ 
the inner basin. The smelter with his rake nr paddle pushes the slags upon that basin 
back towards the upper part of the sole, and his assistant spreads them uniformly over 
the surface through the back doors. The smelter next throws in by his middle door, a 
few shovelfuls of quicklime uwn the lead-bath. The assistant meanwhile for a quarter 
of an hour works the ore and the slags together through the three back dooxc^ and 
then spreads them out, while the smelter pi^es the sla^ from the surfSace of the toer 
basin bacik to the upper part of the sole. The doors being now left open for a lit^, 
while the interior remains in repose, the metallic lead, whicm had been pushed back with 
the slags, flows down into the basin. This occasional cooling of the fhmace is thought 
to be necessary for the better separation of the products, especially of the slags from 
the red bath. i. 

In a short time the workmen resume their rakes, and turn over the BjBjgB along with 
the ore. Three hours after the commencement a little more friel ie put into the gr8to» 
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Bueidj to keep up a moderate heat of the funiaco during the paddling. After threo 
hours and ten minuteB» the grate being charged with fuel for the third the register 
Ss eomjdetely opened, the doors are all shut, and the furnace is left in this state for 
three quarts of an hour. In nearly four hours from the commencement, all the doors 
being opened, the assistant levels the surfaces with his rake, in order to favour the 
descent of any drops of lead ; and then spreads the slags, which are pushed back towards 
him by the smelter. The latter now throws in a fresh quantity of lime, with the view 
not merely of covering the lead-bath and preventing its oxidation, but of rendering the 
slw less fluid. 

Ten minutes after the third fire is completed, the smelter puts a new charge of fuel 
on the grate, and shuts the doors of the furnace to give it ths fourth fire. In four hours 
and forty minutes from the commencement, this fire being finished, the doors are 
opened, the smelter pierces the tap-hole to discharge the lead into the outer basin, and 
throws some quicklime upon the slags in the inner basin. He then pushes the slegs 
thus dried up towards the upper part of the hearth, and his assistant rakes them out by 
the back doors. 

The whole operation of a smelting shift takes about four hours and a half, or at most 
five hours, in which four periods may be distinguished : — 

1. The first fire for roasting the ores requires very moderate firing, and lasts two 
hours. 

2. The second fire^ or smelting, requires a higher heat, with shut doors ; at the end 
the slags are dried up with lime, and the furnace is also allowed to cool a little. 

3. 4. The last two periods, or the third ondi fourth fires, are likewise two smeltings or 
foundings, and differ from the first only in requiring a higher temperature. The heat 
is greatest in the last. The form and dimensions of the furnace are calculated to cause 
a uniform distribution of heat over the whole surface of the hearth. Sometimes billets 
of green wood are plunged into the metallic lead of the outer basin, causing an ebulli- 
tion which favours the separation of the slags, and consequently the production of a 
purer lead ; but no more metallic metal is obtained. 

Ten cwts. of coal are consumed at Holywell in smelting one ton of the lead-ore schlich 
or sludge ; but at Grassington, near Skipton in Yorkshire, with a similar furnace worked 
with a slower heat, the operation taking from seven hours to seven hours and a half, 

instead of five, only 7^ cwts. of 
coal .'ire consumed. But here the 
ores are less refractory, have the 
benefit of fluor-spar as a flux, and 
are more exhausted of their metal, 
being smelted upon a less sloping 
hearth. 

The ore-hearth, — This furnace, 
Gillod by the French fourncau 
ecossais, is from 22 to 24 inches 
in height and 1 foot by 1^ in area 
inside ; but its horizontal section, 
always rectangular, varies much 
in its dimensions at different 
levels, as shown in 1334. 

treatment of lead oreshy the Scotch furnace or ore^hearth. — This furnace is generally 
employed in the counties of Nortliumberland, Cumberland, and Durham for the 
smelting of load ores, which were formerly carried to them without any preparation, 
but they are now often exposed to a preliminary calcination. The roast^ ore yields 
in the Scotch furnace a more considerable product than the crude ore, because it forms 
in the furnace a more porous mass, and at the same time it works drier, to use the 
founder*s expression ; that is, it allows the stream of air impelled by the blast to diffuse 
itself more completely across the matters contained in the furnace. 

In proceeding to smelt by means of an ore-hearth, two workmen are required to be 
in attendance from the beginning to the end of each smelting shift, the duration of 
which is from 12 to 15 hours. The first step in commencing a smelting shift is to fill 
up the hearth-bottom, and space below the workstone with peats, placing one already 
kindled before the nozzle of the bellows. The powerful blast very soon sets the 
whole in a blaze, and by the addition of small quantities of coal at intervals, a body of 
fire is obtained, filling the hearth. Boasted ore is now put upon the surface of the 
lire, between the forestone and pipestone, which immediately becomes heated red hot 
reduced ; the lead from it sinking down and collecting in the hearth bottom, 
portions of ore of 10 or 12 lbs. each are introduced from time to time, and the 
of the hearth are stirred and kept open, being occasionally drawn out and 
d upon the wenkstone, nntil the hearth bottom becomes full of lead. The 
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hearth may n<m he considered in its re^lar working state, having a mass of heated 
fuel, mixed with partly-fused and semi-reduced ore, called Bronze^ floating upon a 
stratum of melted load. The smelting shift is then regularly proceeded with by the 
two workmen, as follows : — The fire being made up, a stratum of ore is spread upon 
the horizontal surface of the brmize^ and the whole suffered to remain exposed to the 
blast for the space of about five minutes. At the end of that time, one man plunges 
a poker into the fluid lead, in the hearth bottom below the hrouze^ and rames the 
whole up, at different places, so as to loosen and open the brouze, and in doing so, to 
pull a part of it forwards upon the workstone, allowing the recently-added ore to sink 
down into the body of the hearth. The poker is now exchanged for a shovel, 
with a head 6 inches square, with which the brouze is examined upon the workstone, 
and any lumps that may have been too much fused, broken to pieces ; those which are 
so far agglutinated by the heat, as to be quite hard, and further known by their bright- 
ness, being picked out, and thrown aside, to be afterwards smelted in the slag hetvth. 
They are called * grey slags.’ A little slaked lime, in powder, is then spread upon 
the brouze, which has been drawn forward upon the workstone, if it exhibit a pasty 
appearance ; and a portion of coal is added to the hearth, if necessary, which the 
workman knows by experience. In the mean time, his fellow workman, or shoulder 
fellow, clears the opening, through which the blast passes into the hearth, with a 
shovel, and places a peat immediately above it, which no holds in its proper situation, 
until it is fixed, by the return of all the brouze, from the workstone into the hearth. 
The fire is made up again into the shape before described, a stratum of fresh ore spread 
upon the part, and the operation of stirring, breaking the lumps upon the workstone, 
and picking out the hard slags repea^ after the expiration of a few minutes, exactly 
in the same manner. At every stirring a fresh peat is put above the nozzle of the 
bellows, which divides the blast, and causes it to be distributed all over the hearth ; 
and as it bums away into light ashes, an opening is left for the blast to issue freely 
into the body of the brouze. The soft and porous nature of dried peat renders it very 
suitable for this purpose ; but, in some instances, where a deficiency of peats has 
occurred, blocks of wood of the same size have been used with little disadvantage. As 
the smelting proceeds, the reduced lead, filtering down through all parts of the brouze 
into the hearth bottom, flows through the channel, out of which it is laded into a 
proper mould, and formed into pigs. 

The principal ;^rticulars to be attended to in managing an ore-hearth properly 
during the smelting shift are these: First. — It is very important to employ a 
proper blast, which should be carefully regulated, so as to be neither too weak nor 
too powerful. Too weak a blast would not excite the requisite heat to reduce the ore, 
and one too powerful has the effect of fusing the contents of the hearth into slags. 
In this particular no certain rules can be given ; for the same blast is not suitable 
for every variety of ore. Soft free-grained galena, of great specific gravity, being 
very fusible, and easily reduced, requires a moderate blast ; while the harder and 
lighter varieties, many of which contain more or less iron, and are often found rich 
in silver, require a blast considerably stronger. In all cases, it is most essential, that 
the blast should be no more than sufficient to reduce the ore, after every other neces- 
sary precaution is taken in working the hearth. Second. — The blast should be as 
much divided as possible, and made to pass through every part of the brouze* Third. 
— The hearth should be vigorously stirred, at due intervals, and part of its contents 
exposed upon the workstone ; when the partially-fused lumps should be well broken to 
pieces, as well as tliose which arc further vitrified, so as to form slags, carefully picked 
out. This breaking to pieces, and exposure of the hottest part of the brouze upon 
the workstone, has a most beneficial effect in promoting its reduction into lead ; for 
tlie atmospheric air immediately acts upon it, and, in that heated state, the sulphur 
is readily consumed, or converted into sulphurous acid, leaving the lead in its me^lie 
suite ; hence it is that the reduced lead always fiows most abundantly out of the hearth 
immediately after the return of the brouze, which has been spread out and expowd to 
tlie atmosphere. Fourth.— The quantity of lime used should be no more than is just 
necessary to thicken the brouze sufficiently; as it does not in the least contribute to 
reduce the ore by any chemical effect : its use is merely to render the brouoe less 
pasty, if, from the heat being too great, or from the nature of the ore, it has a dis- 
position to become very soft. Fifth. — Coal should also be supplied judiciously ; too 
much unnecessarily increasing the bulk of the brouze, and causing the health to get 
too full. 

When the ore is of a description to smelt readiljjr, and the hearth is managed in 
every particular, it works with but a small quantity of brouze, which feels dry when 
stirred, and is easily kept open and permeable to the blast. The^ rednetion raoeeeds 
rabidly with a moderate degree of heat, and the slags produced are inconsiderable; but| 
if in this state, the stirring of the brouze and expoemre upon- the wroxkstone are dis* 
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oontiimed, or practised at longer intervals, the hearth quickly gets too hot, and imme- 
diately begins to agglutinate together; rendering evident the ne^ssity of these 
operations to the successful management of the process. It is not difficult to under- 
stand why those efiects take place, when it is considered, that in smelting by moans 
of the ore-hearth, it is the oxygen of the blast and of the atmosphere which principally 
accomplishes the reduction ; and the point to be chiefly attended to consists in exposing 
the ore to its action, at the proper temperature, and under the most favourable cir- 
cumstances. The importance of having the ores free from impurities is also evident ; 
for the stony or earthy matter it contains impedes the smelting process, and increases 
the quantity of slags. A very slight difference of composition of perfectly-dressed ore 
may readily be understood to afl^t its reducibility ; and hence it is, that ore from 
difllerent veins, or the same vein in different strata, as before observed, is frequently 
found to,|work very differently when smelted singly in the hearth. It happens, tliere- 
fore, that with the best workmen, some varieties of ore require more coal and lime, and 
a greater degree of heat than others ; and it is for this reason that the forestone is made 
moveable, so as to answer for ore which works either with a large or a small quantity 
of brooze. 

It has been stated that the duration of a smelting shift is from 12 to 15 hours, at the 
end of which lime, with every precaution, the hciirth is apt to become too hot, and it 
is necessary to stop for some time, in order tlmt it may cool. At mills where the 
smelting shift is 12 hours, the hearths usually go on 12 hours, and are suspended 5 ; 
four and a half or five bings ^ of ore (36 to 40 cwts.) are smelted during a shift, and the 
two men who manage the hearth work each four shifts per week ; terminating their 
week’s work at S o'clock on 'Wednesday afternoon. They are succeeded by two other 
workmen, who also work four 12-liour shifts ; the last of which they finish at 4 o’clock 
on Saturday. In these eight shifts, from 36 to 40 bings of ore are smelted, which, 
when of good quality, produce from 9 to 10 fodders® of lead. At other mills where 
the shift is 14 or 15 hours, the furnace is kindled at 4 o’clock in the morning, and 
worked until 6 or 7 in the evening each day, six days in the week ; during this shift 
6 or bings of ore are smelted, and two men at one hearth, in the early part of each 
week, work three such shifts, producing about 4 fodders of lead — two other men work 
each three shifts in the latter part of the week, making the totjil quantity smelted per 
week, in one hearth, from 30 to 33 bings. 

Hearth-ends and Smelter's fuin-c . — In the operation of smelting, as already described, 
it happens that particles of iinreduced and semi-reduced ore are continually expelled 
from the hearth, partly by the force of the blast, but principally by the decrepita- 
tion of the ore on the application of heat. This ore is mixed with a portion of 
the fuel and lime made use of in smelting, all of which are deposited upon the t>op 
of the smelting-hearth, and are called hearth-ends. It is customary to remove the 
hearth-ends from time to time, and deposit them in a convenient place until the end 
of the year, or some shorter period, wdien they nvv, washed to get rid of the earthy 
matter they may contain, and the metallic portion is roasted at a strong heat, until 
it begins to soften and cohere into lumps, and afterwards smelted in the ore-hearth, 
exactly in the same way as ore undergoing that operation for the first time, as already 
described. 

It is difficult to state what quantity of hearth -ends are produced by the smelting of 
a given quantity of ore, but in one instance the hearth-ends produced in smelting 9,751 
bings, on being roasted and reduced in the ore-hearth, yielded of common lead 315 
cwts., and the grey slags separated in this process gave, by treatment in the slag- 
hearth, 47 cwts. of slag-lead ; making the total qiiautit}" of lead 362 cwts., which is 
at the rate of 3 cwts. 2 qrs. 23 lbs. from the smelting of 100 bings of ore. 

Sla^-hearth , — The various slags obtained from the different operations of lead 
smelting are divided into two classes. Those which do not contain a sufficient amount 
of metal to pay for further treatment are thrown away as useless, whilst those in 
which the percentage of lead is sufficiently large arc treated by the slag-hearth. 

JP'igs. 1885, 1836, represent a slag-hearth, the fourneau d manche (elbow furnace) 
of the French, and the Krummofen (crooked furnace) of the Germans ; such as is used 
at Alston Moor, in Cumberland, for the reduction of the lead-slag. It resembles the 
Scotch furnace. The shaft is a parallelopiTOd, whoso base is 26 inches by 24 inches in 
area inside, and whose height is 3 feet ; the sole-plate a, of cast iron, slopes slightly 
down to the basin of reception, or the fore-hearth, h. Upon both of the long sides of 
the sole-plate there are cast-iron beams, called hearers^ c, c, of great strength, which 
support the side walls built of a coarse-grained sandstone, as well as the cast-irou 
pints d iJofuUme), which forms the front of the shaft. This stands 7 inches off from 
tbs sole-plate, leaving an empty space between them. The back side is made of cast 
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iron, from the sole-plate to the horizontal tuy&re in its middle ; hut above this point 
it is made of sandstone. The tuyire is from I J to 2 inches in diameter. In fi»nt of 
the fore-hearth a cistern, c, is placed, through which water continually flows, so 
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that the slags which spontaneously overflow the fore-hearth may become inflated and 
divided, whereby the lead disseminated through them may be readily separated by 
washing. The lead itself flows from the fore-hearth 5, through an orifice into an iron 
pot, /, which is kept over a fire. The mcfcil obtained from this slag-hearth is much 
loss pure than that extracted directly from the ore. 

The whole bottom of the furnace is filled to a height of 1 7 inches, that is, to within 
2 or 3 inches of the tuyfere, with the rubbish of coke reduced to coarse powder and 
beat strongly down. At each smelting shift, this bed must be made anew, and the 
interior of the furnace above the tuyere repaired, with the exception of the front, con- 
sisting of cast iron. In advance of the furnace there is a basin of reception, which is 
also filled with coke rubbish. Farther off is the pit, full of water, replenished by a 
cold stream, which incessantly runs in through a pipe. The scoriae, in flowing out of 
the furnace, pass over the coke bed in the basin of reception, and then fall into the 
water, whose coolness makes them fly into small pieces, after which they are easily 
washed, so as to separate the lead that may be entangled among them. 

Those furnaces are urged sometimes by fans or by wooden bellows,/^. 1337. But 
nt the smelting works of Lea, near Matlock, the blowing-machine consists of two 
casks, which move upon hori- 
zontal axes. Ejich of these 
casks is divided into two 
equal parts by a fixed plane 
that passes through its axis, 
and is filled with water to a 
certain height. The water of 
one side communicates watli 
1 hat of the other by nii open- 
ing in the lower part of the 
d i vision. Each cask possesses 
a movement of oscillation, 

})r()diiced by a rod attached 
to a crank of a bucket- wheel. 

At each demi -oscillation one of the compartments, being in communication with the 
external air, is filled ; whihst the other, on the contrary, communicates with the nozzle, 
and supplies wind to the furnace. 

Instead of being blown by a cold blast, those furnaces are sometimes supplied with 
heated air. When smelting with cold air, it is often found difficult to proportion the 
quantity of slag or other substance operated on, so as to preserve the nose or cone of 
slag which forms at the end of the tuyere from growing too long, to the prejudice of 
the operation. When the substance operated on is poor for metal, and very refractory, 
it frequently happens that the smelter is obliged to break the nose, or intix)duce some 
very fusible substance in order to melt it off By the introduction of hot air this in- 
convenience is removed, since by increasing or lowering the temperature of the blast, 
the nose may be allowed to lengthen or shorten, according as the nature of the slags 
may require. The temperature found to answer best is from 250° to 300° Fahr. ; 
since when it is heated to from 500° to 600°, it is found impossible to form a nose of 
sufficient length to convey the blast to the front of the hearth, and therefore the back, 
which is expensive to rebuild, is quickly destroyed. 

The advantage to bo deriv^ from the use of the hot blast will be evident, from the 
result of two experiments which were tried some years since : — 

Twenty-eight tons of slag smelted with cold blast consumed 392 eubio feet of air 
per minute. 

Labour cost .£878 

Ck)ke, 7 tons, at 24«. 8 11 6 

Total . £11 19 2 
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Tfaiftjr-flre tona of aiinilar tlag amelted with hot blaat oonaumed 800 cubic feet of 
air per minute. 

Labour cost £3 7 8 

Coke, 6 tons, 17 cwts., at 24«. 6d. . . .734 

Turf for heating air, 11 loads, 1^. 8^. . . . 0 18 4 

Total . £11 9 4 

From which it will be seen that, with one-quarter part less air, a quarter part more 
slag was melted per week, and a saving of expense of nearly 10«. effected. 

The loss of lead experienced in smelting by tlio slag-hearth is, however, very 
great, even under the most favourable circumstances ; and it has, consequently, of 
later years been gradually superseded by the Castilian furnace, which will be shortly 
described. Many large and well-conducted establishments still however continue to 
employ the slag-hearUi, and w'hen well constructed and skilfully managed, the loss 
arising from volatilisation may be considerably reduced. 

Cdstilian Fmiuice . — Within the last few years a blast-furnace has been introduced 
into the lead-works of this country which possesses great advantages over every’ other 
description of apparatus which has been hitherto employed for the treatment of load 
ores of low produce. This apparatus, although first employed in Spain, was invented 
by an Englishman (Mr. W. Goundry) w’ho was employed in the reduction of rich 
slags in the neighbourhood of Garthagena. 

This furnace is circular, usually about 2 feet 4 inches, or 2 feet 6 inches in diameter, 
and is constructed of tlie best fire-bricks, so moulded as to fit together, and allow all 
the joints to follow the radii of the circle described by the brick-work. Its usual 
height is 8 feet 6 inches, and the thickness of the masonry invariably 9 inches. In 
this arrangement the breast is formed by a semicircular plate of cast iron, furnished 
with a lip for running off* the slag, and has a longitudinal slot, in which is placed the 
tapping-hole. 

On the top of this cylinder of brick-work a box-shaped covering of masonry is 
supported by a cast-iron framing, resting on four pillars, and in this is placed the 
door for feeding the furnace, and the outlet by which the various products of com- 
bustion escape to the flues. The lower part of this hood is fitted closely to the body 
of the furnace, whilst its top is closed by an arch of 4^-inch brick-work laid in 
fire-clay. The bottom is composed of a mixture of coke-dust and fire-clay, slightly 
moistened, and well beaten to the height of the top of the breast-pan, which stands 
nearly 8 feet above the level of the floor. Above the breast-pan is an arch so 
turned as to form a sort of niche, 18 inches in width, and rather more than 2 feet in 
height. 

"^en Uie bottom has been solidly beaten, np to tlie required height, it is hollowed 
out so as to form an internal cavity, communicating freely with the breast-pin, whicli 
is filled with the same material, and subsequently hollowed out to a depth slightly 
below the level of the internal cavity. The blast is supplied by tliree water tuyeres, 

3 inches in diameter at the smaller end, 6^ inches at the larger, and 10 inches in 
length. Into these the nozzles are introduced, by which a current of air is supplied 
by means of a fen or ventilator making about 800 revolutions per minute. The blast 
may be conveniently conducted to the nozzles through brick cliannels formed beneath 
the floor of the smelting-house. 

The ores treated in this furnace ought never to contain more than 30 per cent, of 
metal, and when richer, must be reduced to about this tenure by the addition of slags 
and other fluxes. In charging this apparatus, the coke and ore are supplied stratum 
super stratum, and care must be taken so to dispose the coke as not to heat too 
violently the brickwork of the furnaces. In order to allow the slags which are pro- 
duced to escape freely into the breast-pan, a brick is left out of the front of the 
furnace at the height of the fore-hear^, which, for the purpose of preventing the 
cooling of the scoriae, is kept covered by a layer of coke-dust or cinders. From the 
breast-pan the slags flow constantly off over a spout into cast-iron waggons, where 
they consolidate into masses, having the form of truncated pyramids, of which the 
lamr base is about 2 feet square. As soon as a sufficient amount of lead is accu- 
miuated in the bottom of the furnace, it is let off into a lateral lead-pot, by removing 
the day-stopper of the tap-hole situated in the slot of the breast-pan, and, after 
being properly skimmed, it is laded into moulds. When, in addition to lead, the 
«ie tceated likewise contains a certain portion of copper, this metal will be found 
in the form of a matt floating on the suk^ace of the leaden bath. This, when suffi- 
deiitl^ sdidifled, is removed, and, after being roasted, is operated on for the copper it 
eoiitains. 

The waggOBi in which the liquid slag runs off are frequently made to traverse 
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•mall railways, by which, when one mass has been removed, its place may readily be 
supplied by an empty wa^n. When nearly cold, the casings of the waggons are 
turned over, and the blo(^ of slag easily made to drop out. In addition to the 
facility for transport obtained in this way, one of the great advantages obtained by 
this method of manipulation arises from the circtimstance that should the furnaces at 
any time run lead or matt, without its being detected by the smelter, the whole of it 
will be collected at the bottom of the block, from which, when cold, it may be readily 
detached. 

In working these furnaces care must be taken to prevent flame from appearing at 
the tunnel-head, since, provided the slags are suiEciently liquid, the cooler the appa- 
ratus is kept the less will be the loss of metal through volatilisation. In addition 
to the greatest attention being paid to the working of the furnace, it is necessary, in 
order to obtain the best results, that all establishments in which this apparatus is 
employed should be provided with long and capacious flues, in which the condensation 
of the fumes takes place, previous to arriving at the chimney-shaft. These flues 
should be built at least 3 feet in width, and 6 feet in height, so as readily to admit 
of being cleaned, and are often made of several thousand yards in length. The value 
of the fumes so condensed, amounts to many hundreds, and in some instances thousands 
per annum. 

In order to be advantageously worked in these furnaces, the ores should be first 
roasted, and subsequently agglomerated into masses, which, after being broken into 
fragments of about the size of the fist, and mixed with the various fluxes, are charged 
as before described. 

In an establishment in which the average assay produce of the roasted ore for lead 
is 42^ths, the furnace yield is 38^ths, and the weight of coke employed to effect the 
reduction 22 per cent, of the roasted ore operated on. The mixture charged into the 
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furnace, in this instance, is composed of 100 parts of roasted ore, 42 parts of sl^fi 
from a previous operation, 8 parts of scrap iron, and 7 parts of limestone* ]E^ch 
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ftimace works off about seven tons of roasted ore in the course of 24 hours ; the 
weight of slags run off is about double that of the lead obtained, and the matt ro< 
moved ^m the surface of the pan is nearly 6 per cent, of the lead produced. The 
ores treated in this establishment consist of galena, much mixed with spathose iron, 
and are therefore somewhat refractory. A furnace of this kind requires for its con- 
struction about 1,000 segmental fire-bricks, and the same number of ordinary fire- 
bricks of second quality. 

Figs, 1338, 1339, 1340, and 1341 represent respectively a vertical section, an elevation, 
a ground plan, and an horizontal section of a Castilian furnace. The section/^. 1341 

1340 1341 



Figs, 1342, 1843 are the slag-waggons, ▲ being a moveable case without a bottom, 
and B a strong cast-iron plate running on four wheels. 

The deaulphniBtion of the ores to be treated in these furnaces may be effected either 
by the aid of an ordinary reverberatory roasting furnace, or in heaps, or properly 
constructed kilns. 

The kilns best adapted for this purpose consist of rectangular chambers, having an 
arched roof, and provided with proper flues for the escape of the evolved gases, as 
well as a wide dow for charging and withdrawing the ore to be operated on. 

Each of these chambers is capable of containing from 25 to 30 tons of ore ; and, 
in order to charge it, a layer of faggots and split wood is laid on the floor, and this, 
after having been covered by a layer of ore about two feet in thickness, is ignited, 
care being at the same time taken to close, by means of loose brick-work, the open- 
ing of the door to the same height. When this first layer has become sufficiently 
ignited, a fresh stratum of ore, nwmd with a little coal or charcoal, is thrown upon it, 
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and when this layer has in its turn become sufficiently heated, more ore is thrown 
on. In this way ore is from time to time added, until the kiln has become full, when 
the orifice of the doorway is closed by an iron plate, and the operation proceeds regu- 
larly and without further trouble until the greater portion has become eliminated. 

This usually happens at the expiration of about four weeks from the time of first 
ignition, and the brick-work front is then removed, and the ores broken out, and after 
being mixed with proper fiuxes, passed through the blast-furnace. 

The proportion of wood necessary for the roasting of a ton of ore by this means 
must necessarily depend on the composition of the minerals operated on ; but with ores 
of the description above-mentioned, and in a neighbourhood where wood is moderately 
cheap, the desulphuration may be effected at a cost of about 5s. per ton. 

Calcining . — The lead obtained by the various processes above described generally 
contains a sufficient amount of silver to render its extraction of much importance ; 
but, in addition to this, it is not unfrequently associated with antimony, tin, copper, and 
various other impurities, which require to be removed before the separation of the 
silver can be effected. 

This operation consists in fusing the hard lead in a reverberatory furnace of peculiar 
construction, and allowing it to remain, when in a melted state, exposed to Uie oxi- 
dising influences of the gases passing through the apparatus. By this treatment the 
antimony, copper, and other impurities become oxidised, and on rising to the surface 
of the metallic bath are skimmed off, and removed with an iron rake. The hearth of 
the furnace in which this operation is conducted consists of a large cast-iron pan, 
which may be 10 feet in length, 5 feet 6 inches in width, and 10 inches in depth. The 
fire-place, which is 1 foot 8 inches in width, has a len^h equal to the width of the 
pan, and is separated from it by a fire-bridge 2 feet in width. The height of the arch 
at the bridge-end is 1 foot 4 inches above the edge of the pan, whilst at the outer 
extremity it is only about 8 inches. 

The lead to be introduced into the pan is first fused in a large iron pot fixed in 
1>rick-work at the side of the furnace, and subsequently laded into it through an iron 
gutter adapted for that purpose. The length of time necessary for the purification of 
hard lead obviously depends on the nature and amount of the impurities which it 
contains ; and, consequently, some varieties will be sufficiently improved at the ex- 
piration of twelve hours, whilst in other instances it is necessary to continue the 
operation during throe or four weeks. The charge of hard lead varies from eight to 
eleven tons. 

When the metal is thought to be in a fit state for tapping, a small portion taken out 
with a ladle, and poured into a mould used for this purpose, is found on cooling to 
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withdrawn fiom the bottom of the pan, and the lead run df into tn Im fim 
which it is anbsequently laded into moulds. 
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removed in a solid crust, while the lead is still liquid underneath. Mr. Alexander 
Parkes of Birmingham, found that argentiferous lead might be freed from its silver 
by melting with it zinc; and in the process of cooling the zinc crystallises and takes 
out the silver ; the silver may afterwards be removed from the zinc by dissolving in 
hydrochloric or in dilute sulphuric acid, and the zinc may be used again and again for 
melting with the lead. Mr. Parkes first patented his process in 1860 ; he improved it 
in 1851 ; and in 1852, he was granted a third patent, entitled ‘Improvements in sepa- 
rating iSilver from other Metals.’ The process is as follows : There are two vessels 
over separate fires, one a Pattinson pot of cast iron, which will hold 7 tons of molten 
metal — this is for the lead — and a smaller one for melting the charge of zinc. When 
the 7 tons of lead to be desilverisod is melted, it is skimmed, the temperature is raised 
to that of molten zinc, and the charge of zinc (about 1 cwt. to every ton of lead, or 
Ij lb. to every ounce of silver) which has been previously melted is laded into the 
lead, and the whole well stirred with a perforated rabble to insure perfect intermix- 
ture ; the mass is then left to gradually cool. When the sur^o has hardened, it is 
skimmed off with a perforated ladle, and the surface of the liquid lead is skimmed off 
as well. The lead thus treated contains about 10 dwts. of silver per ton. TJie 
solidified zinc is placed in a retort, which is oval on bore, and placed a little on the 
incline over a fire for the purpose of liquation ; it is heated above the melting point 
of lead, but decidedly below that of zinc, and so the lead that is taken up with the 
zinc drains off at the lower end of the retort into an iron pot placed convenient to it. 
The zinc, which has been thus drained of the lead, but still contains the silver, is dis- 
tilled in a Belgian retort with twice its bulk of lime and its own bulk of coal ; the 
zinc, being much more volatile than the mlver, is distilled over, and the residue is very 
rich in silver. The partially-desilverised lead is submitted to a softening process for 
the separation of any remaining zinc. It is kept molted at a good red heat for a 
period of &om 9 to 12 hours, during which time it is skimmed twice, first, after the 
first three hours, and again half an hour before tapping. The lead is tapped into a 
cast-iron receiver, and therein subjected to ‘ boiling ; ’ that is, green wood is kept 
submerged in it, held down by a lever. Lead treated in this manner is said to contain 
a small qtiantity of silver, but no zinc. 

These processes were sup|)osed to have been improved by Flach, who patented 
his presses in this conntiy in 1866. Although flach’s process has been used, it is 
said, with success on the Continent, it has never been permanently adopted in this 
country. 

The dUBeulty with Parkes* process has been the separation of the zinc from the 
de^verised lead. A process for effecting this was patented by Corduri^ of Toulouse 
in 1866. L^ to be desilverised was treated by him in the usual manner with zinc. 
After the removal of the crust of argentiferous zinc, superheated steam is passed into 
the denlvensed lead, whereby the zinc retained by the lead is oxidised bv the oxygen 
of ^ steam; this oxide rises to the surface in me state of powder, and is skimmed 
Aceotding to Groner, who wrote on his process in the Jnnales des Minot, the 
fMH lit Solbthild’s works at Havre was most satisfactory. The desilverised am* 
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herons lead contained 0*75 per cent, of sine; but aftra ithadl^eeti sniigoctod to tile 
action of steam, it yielded only the most feeble traces of zinc. 

A process for the desilverisation of lead by zinc has been described by £. £oeh in 
the Berff- und Huetten^fnaennidche Zeitung. In order to make the process condimoiis 
the author liquates his lead from copper in a reverberatory furnace with an in* 
dined hearth. The liquated load is received in a Fattinson kettle, which when it 
contains a charge is emptied by a siphon^tap into a lower kettle. In the second 
kettle the antimony is oxidised by steam, and the lead then siphoned into the lower 
kettles, where it is desilverised by zinc, the latter being fastened in front of the lower 
mouth of the siphons, so as to bring it into intimate contact with the lead, llie 
desilverised lead is then siphoned into a still lower kettle, where the zinc is removed 
by steam, and then siphon^ into a still lower kettle, whence it is siphoned into iron 
moulds. The advantages claimed for this method of plant are, a more perfect utilisa- 
tion of heat, greater production of metals before the addition of zinc (t.e., copper and 
antimony), saving in the amount of zinc, less wear of kettles, and a more suitable 
shape of these last. r 

Decopperimtion of Lead hy Zinc. — ^Mr. W. Baker of Sheffield has successfully 
carried out this process. When a certain portion of zinc is melted with lead contain- 
ing copper, a zinc alloy with a small portion of lead is formed, and most of the copper 
is withdrawn from the lead with it, which floats on the surface in a pasty mass, and 
may be skimmed off. 

In operating upon 100 tons of lead confining from 10 to 15 oz. of copper to the 
ton, the copper was reduced on tlie average to 1 oz. and 21 grs. per ton. 

Mr. Baker thus describes the operation : Five tons of lead are melted, skimmed, and 
kept sufficiently hot to prevent the metal setting at the sides of the pot. 28 lbs. of 
zinc are melted with about 2 cwts. of lead in a small pot adjacent. Tnis pot already 
contains about 14 lbs. of zinc, together with some lead from a previous operation. 
When quite liquid more load is added from the larger pot, in order to dilute the alloy 
before mixing with the entire charge. The contents of the small pot, which should 
be not enough to prevent any alloy separating, are then added to the charge and 
stirrotl well into tlie molted metal. The fire is now withdrawm, and the whole allowed 
to cool down. In a short time a pasty alloy rises to the surface and is removed by a 
perforated skimmer into the small pot. This operation is continued until the lead 
begins to sot at the sides of the pan. The charge must then be re-heated, and the 
alloy in the small pot liquated by heating at a regulated temperature, which will 
permit of the zinc alloy being removed from a quantity of zinciferous lead, which will 
l>o loft with only a trace of copper. 14 lbs. more zinc are now melted with this 
residue in the small pot, and the operation is repeated. More certain results are 
obtained by thus adding the zinc in two portions. Finally, all the zinc dross and 
alloy are liquated in the small pot. The quantity of alloy obtained is about 1 cwt. 
Tliis will contain about 26 per cent, of zinc, or 28 lbs. of the zinc employed for one 
operation. It may be estimated that 14 lbs. will be left in the decopperised lead, and 
14 lbs. also in the liquated product remaining in the small pot ready for the next 
operation. The zinc remaining in the decopperised lead is oxidised in a reverberatory 
furnace with a slag bottom, or in a pan such as is used in the furnaces for softening 
hard lead. In a round pan containing from 8 to 10 tons, set in a furnace of the latter 
description, a charge was worked off in about 30 hours, including charging and tap- 
ping out. From 90 tons an average of 96 per cent, of softened lead was obtained. 
The dross was easily reduced, and yielded ordinary soft lead. 

The zinc alloy containing copper and also most of the silver is best economised 
by melting down in a small blast-furnace, when a rich argentiferous lead may ho 
obtained. 

Natro-Metallurgy, — The various processes of refining lead employed at the present 
day causes, in cases where the metal is impure, considerable waste, and necessitate the 
reduction of an enormous quantity of oxide, to which thej are, besides, inadequate for 
the removal of certain foreign metals. A new plan, which has recently been devised 
by MM. Pagon and Bous of Marseilles, France, allows the complete refining of any 
argentiferous lead without the formation of oxides of lead, and has, according to tlto 
Chrcmiqne de t Industrie, the particular advantage of permitting the coUeo^n of all 
foreign metals, of which the value may be worth considering. Tne procras is Ibailded 
on the property which a bath of caustic, hydrated, melted alkali possesses in dissolv- 
ing, or at least oxidising, successively, all tiie metals except three, by drawing tlmm 
into a soluble scoria, in a state of igneous fusion. The three exceptions are lead, 
silver, and gold. The metals united with the lead are, one after the other, removed 
by melted soda, the action of the bath being maintained, first a jet of steam, 
designed to restore constantly the water of the hydrate from which the metals nsin 
oxygen, and urged according as the metals are in a less degree ooddisablie^ either % 
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UlMt of air, or finallj, by earefhlly measured additions of nitrate of soda. The theory 
of the reaction is aa Ibllows : By simple solution in water, soda abandons all the 
omdes which it holds in solution or suspension, and is evaporated and dried for use, 
in the operation, almost without loss. The metals oxidise in the melted alkaline bath 
in the mer of their af^ity for oxygon, an order modified, however — (1) by their 
particular afilnity for soda ; (2) by the action of affinity exercised by the largest mass 
present. Thus, tin and the metals of platinum, although much less oxidisable than 
lead or copper, are attached very rapidly ; and before the latter in the soda-bath, by 
reason of their propensity to act as electro-negative elements. Hence, also, in an 
alloy very rich in lead the copper oxidises first. Another phenomenon of not less 
importance is that the solutions of the oxides in the soda-bath act chemically in pre- 
sence of the re-agents exactly as do the metallic salts dissolved in water. It thus 
in this igneous solution — all the metals are precipitated one after the other, in the 
inverse order of their solubility, and in the direct order they preserve each other from 
oxidation. In this respect even insoluble reducing agents, such as chpcoal, may be 
employed in the bath. The principal applications in the process are its adaptation, 
not only to the refining of lead and the extraction of silver by the sine process from 
lead and argentiferous scorim, but the purification of argentiferous copper and old 
complex alloys; the treatment of ores of platinum, gold, silver, &c., of ores of 
chromium, &c. Since March last the inventors have constructed a plant, and hare 
carried on the process at Marseilles ; and we learn that the hard leads of Greece 
(containing per cent, antimony, 1 per cent, arsenic, I per cent copper, and 1 to 2 
per cent iron and sulphur), hard Spanish lead, and other forms of the metal contain- 
ing large quantities of foreign substances, have been successfully treated. A company 
has been formed for the fusion of ores, separation of metals, and then refining by the 
process of natro-metallur;^. 

Seducing , — ^The reduction to the metallic state of the litharge from the refiner^*, 
the pot-dross, and the mixed metallic oxides from the calcining furnace, is effected in 
reverberatory apparatus, somewhat resembling a smelting furnace, except that its 
dimensions are smaller, and the sole, instead of being lowest immediately below the 
middle door, gradually slopes from the fire-bridge to near the fine, where there is a 
depression in which is inserted an iron gutter, which constantly remains open, and from 
wmch the reduced metal flows continuously into an iron pot placed by the side of the 
furnace for its reception, whence it is subsequently laded into moulds. 

The litharge, or pot-dross, is intimately mixed with a quantity of small coal, and is 
charged on that part of the hearth immediately before the fire-bridge. To previ nt 
the fused oxide firom attacking the bottom of the furnace, and also to provide a sort 
of hollow filter for the liquid metal, the sole is covered by a layer of bituminous 
coaL 

The heat of the furnace quickly causes the ignition of this stratum, which is rapidly 
reduced to the state of a spongy cinder. The reducing gases present in the furnace, 
aided by the coal mixed with the charge itself, cause the reduction of the oxide, which, 
assf^Ujg the metallic form, flows through the interstices of the cinder, and ultimately 
^ding its way into the depression at the extremity of the hearth, flows through the 
iron gutter into the external cast-iron pot The surface of the charge is frequently, 
during the process of elaboration, tamed over with an iron rake, for the double pur- 
pose m exposing new sur&oes to the action of the furnace, and also to allow the 
reduoed lead to flow off more readily. 

Fresh quantities of litharge, or pot-dross, with small coals, are from time to time 
thmwn in, in proportion as that already charged disappears, and at the end of the 
shift, wMch usually extends over 12 hours, the floor of cinder is broken up, and after 
bring nuxed with the residual matters in the furnace is withdrawn. A new floor of 
rioders is then introduced, and the operation commenced as before. A furnace of 
this land, having a sole 8 feet in length and 7 feet in width, will a^id, from litharge, 
about 3i tons of lead in 24 hours. 

The droM ftom the calcining pan, when treated in a furnace of this description, 
riionld be previous^ reduced to a state of fine division, and intimately mixed up with 
amall coal and soaa-aah. In many cases, however, the calcined dross is treated in 
the smelt^ fhmaee* The hard leiri obtained from t^s substance is again taken to 
the cakiniog ftmiaee, for the purpose of beiug softened. 

la the esUkblishment from which the foregoing data were obtained, the cost of slack, 
dcllvetad^ at the worics, was only 2s, lid, par ton, which is cheaper than fuel can bo 
dfataiaed in the miyoritv of the lead-mills this country. In North Wales the cost 
of gusli goal is nnoxaUy about 4s., and at Bristol 6s, 6d, per ton. 

18^ and 1865 repment a vertical section and plan of a redneing-fumace. 
AiW^flieg; ixe4mdge ; b, hearth; i, worlang-door ; r, iron spont for 
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eondacting tha reduced metal into the lead-pot o, which ie kept hr of 

a Are beneath. ^ 
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The total cc^t of elaborating one ton of hard lead, containing 30 os. of silver per 
ton, in a locality in which fuel is obtained at the low price above quoted, is nearly as 
follows 


follows 

& s. d. 

Calcining 0 2 4*4 

Crystallising 0 9 6*5 

Kefining 0 0 9*2 

Reducing pot dross and litharge . . . 0 1 0*8 

Calcined dross 0 0 8*0 

Slags 0 0 6*0 

Bone-ash, &c . 0 0 7*0 

Transport, &c. . 0 1 1*0 

Management, taxes, and interest of plant . .05 10*0 

Total . . . 1 2 8*9 

One hundred tons of hard lead treated gave 

Tons. 

Soft lead . • v 

Black dross 

Loss 


Total . . . 100*00 
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*Oii DompariBg the expense of each operation, as given, in the foregoing abstract, 
with the amounts stated as the cost of each separate process, they will he found to 
^ widely different ; but it must be remembered that the whole of the substances 
elaborated are far from being subjected to the various treatments described. 

In order, thecefore, to give an idea of the relative proportions which are passed 
throogh the several departments, it may be stated that in an establishment in which 
the ores are treated in the Castilian furnace the following were the results ob- 
tained : — 

One hundred parts of raw ore yielded 


Boasted ore 85 

Hard lead 42 

Soft 36 

Bich „ 9 

Dross and litharge re-treatcd 18^ 


It may be remained that for the treatment of ores of good produce the reverbera- 
tory furnace and Scotch hearth are to be preferred, but for working minerals of a 
low percentage the blast-furnace may generally be substituted with advantage. 
The slag-hearth, from the amount of fuel consumed and loss experienced, is a somewhat 
expensive apparatus, and might in many cases be advantageously exchanged for the 
Castilian furnace. 

It is well known that the losses which take place in this branch of metallurgy are, 
from the volatility of the metal operated on, unusually large. In those establish- 
ments, however, in which duo attention is paid to fluxes and a proper admixture of 
ores, as well as the condensntion of the fumes, a great economy is effected. 

In some instances flues of above flve miles in length have been constructed, and the 
most satisfactory results obtained. The attention of lead-smelters is being daily more 
directed to the prevention of the lo.ss of metal by volatilisation, and those who have 
adopted the use of long flues have l>een, in all cases, quickly repaid for their outlay. 

As an example of t^e great extent to which suldimatiou may take place on the 
scale employed in large smelting works, we may mention the lead-works belonging 
to Mr. Beaumont in Northumberland. Formerly the fumes or smoke arising from 
various smelting operations escaped from ordinary chimneys or short galleries, and 
large quantities of lead were thus carried off in the state of vapour, and dejK)sittKl 
on the surrounding land, where vegetation w'as destroyed, and the health of both 
men and animals seriously afiected. This led to various extensions of the hori- 
zontal or slightly-inclined galleries now in use, and the quantity of lead extracted 
rapidly repaid the cost of construction. The latest addition of this kind was matle 
at Allen Mill, by Mr. Sopwith, the manager, and completed a length of 8,789 yards 
(nearly flve miles) of stone gallery from that mill alone. This gallery is 8 feet 
high and 6 wide, and is in two divisions, widely separated. There are also upwards 
of 4 miles of gallery for the same purpose connected with other mills belonging to Mr. 
Beaumont in the same district, and in Durham. The value of the lead thus saved from 
being totally dissipated and dispersed, and obtained from what in common parlance 
mi^t be called ctiimney-sweepings, considerably exceeds 10,000/. sterling annually, 
and forms a striking illastration of the importance of economising our waste pro- 
ducts. 

In lieu of long and extensive flues, condensers of various descriptions have from 
time to time been introduced, but in most instances the former have been found to bo 
more efficient. 

Wlien, however, water can be procured for the purpose of cooling the condensers, 
excellent results are generally obtained. — J. A. P. 

See LtraABOE ; Bxn Lnan ; Soldeb ; Suoab or Jeeiafe ov Lead } Type Metai ; 

and Warn Lead. 

Lead AMAtnra The ores submitted to assay are galena or sulphide of load, 
cenumte or carbonate of lead, anglesite or sulphate of lead, and p^^morphite or 
phosphate of lead* For assay purposes, the ores of lead Inay be divided into two 
cl fl a w s t — 

Tfee tUm ctnipirehends all the ores of lead which contain neither sulphur nor 
wcrmde, or in irlii^ are pi^nt in small proportion aulp 

Ulie mtHId eUu8 edniprises galena, together with all lead ores containing sulphur 

cff imitie. 

A fioanman wind or air tonaoe is best adapted for making lead assays. For this 
pm oi e the cavi^ for the reception of fuel should be 9 inches square, and the height 
ol w 4hie*imy mmi the fire-bars about 14 inches. For ordinary ores a furnace 8 
tad 12 inches de^ will be found sufficient ; but as it is easy to regu- 
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late, by a damper» the heat of the laTger apparatus, it is often found adTant^^ns to 
be able to produce a high tempexattire. A furnace of this kdnd should be connected 
with a chimney of at least twenty feet in height, and be supplied with good coke, 
broken into pieces of the sice of eggs. 

The air furnace (see Copper, Jig . 633), is well adapted for the assaying of lead ores. 
The ores should bo dried in shallow, flat metal vessels, powdered and sifted through 
a sieve of from 40 to 60 holes to the linear inch, previous to being submitted to 
assay. The balance employed should carry 1,000 grs., and turn with ^th of a 
grain. 

The toi^ (see Copper, Ji^, 536) may be used for the assay with earthen crucibles. 
For working with iron crucibles tongs of stronger and stouter make are desirable. 
The iron mould (Ji^. 634) is used for receiving the assay products, or one containing 
a deep conical cavity may be substituted for it. The fluxes sho^d be employed in 
the drj state. 

Orbs of tub First Class. — The assay of ores of this class is a simple operation, 
care being only required that a sufficient amount of carbonaceous matter be add^ to 
effect the reduction of the metal, whilst such fluxes are supplied as will afford a 
reiidily-fusiblo slag. When the sample has been properly powdered, 400 or 600 
grains are weighed out, and well mix^ with 600 or 600 grains of carbonate of soda, 
and from 40 to 60 grains of finely-powdered charcoal, according to the richness of the 
mineral operated on. This is inti^uced into an earthen crucible, of such a sise as 
not to be more than one-half filled by the mixture,- and on the top is placed a thin 
layer of the flux. The crucible is then phiced in the furnace and gently heated, care 
being taken to so moderate the tompemture, that the mixture of ore and flux, which 
soon begins to soften and enter into ebullition, may not swell up and flow over. If 
the action in the crucible becomes too strong, it must be checked by a due regulation 
of the heat by means of a damper. When the action has subsided, the temperature 
is again rais^ for a few minutes, and the assay completed in about half an hour. 
During the process of reduction, the heat should not exceed dull redness ; but in order 
to complete the operation, and render the slag sufficiently liquid, the temperature 
should bo raised to bright redness. When the contents have been reduced to a state 
of tranquil fusion, the crucible must be removed from the fire, and the assay either 
rapidly poured, or, after being tapped against some hard body to collect the lead in 
a single globule, be set to cool. When the operation has been successfully conducted, 
the cooM slag will present a smooth concave surface, with a more or less vitreous 
lustre. When cold, the crucible may be broken, and the button extracted. To remove 
from it the particles of adhering slag, it is hammered on an anvil, and afterwards 
rubbed with a hard brush. Instead of empleying carbonate of soda and powdered 
charcoal, the ore may be fused with 1^ times its weight of black flux, and the 
mixture covered by a thin layer of borax. Good results are also obtained by mixing 
tt)gether 400 grains of ore with an equal weight of carbonate of soda and half that 
quantity of crude tartar. These ingredients, after being well incorporated, are placed 
in a crucible, and slightly covered by a layer of borax. Each of the foregoing 
methods yields good results, and affords sla^ retaining but a small proportion of 
lead. 

Orbs of thb SsooitD Class. — This class comprehends galena, which is the most 
common and abundant ore of lead, and also comprises sundry metalluigic products, as 
well as the sulphates and arsenates of lead. 

The assay of galena and other substances is variously conducted ; but one of the 
following method is usually employed for commercial purposes : — 

Assay in an earthen crucible with metallic iron. — Mix 400 or 600 grs. of the ore 
with a^ut an equal weight of carbonate of soda, and, after having pl^ed it in the 
earthen crucible, of which it should occupy about one half the capacity, insert with 
their heads downward three or four tenpenny nails, and press the mixtw flzmly 
around them. On the top place a thin layer of borax. The whole is now intrc^ueed 
into the furnace, and gradually heated to redness ; at the expiration of ten minutes 
the temperature is increased to bright redness, and the heat continued until ^e fmd 
fluxes present a perfectly smooth surface. When this has taken place the pot is 
removed from the fire, and the nails are separately withdrawn by the use of a siuall 
pair of tongs, care being taken to well cleanse each in the fluid sl ag ttnti l flfee 
adhering lead. When the nails have been thus removed, the pot is ys nt^ uhakto> to 
collect the metal into one button, and laid aside to cool ; after which it IM^ylis bsek an , 
and the button removed. Instead of first idlowing the slags to cool, sad wko InKAkiiig 
tlxe crucible, the assay may, if prrf jrwd, after the withdrawal of tho be pouned 
intoa mould (see CoiTSB, 684). Hoopironor iron rod msy bs used, instead w 
the iron nails. The assay should be completed in from 26 to 30 smmitNk 

in tm iron pot Instead of adding metalHo iron to ihs «i3tii«s sf 
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ere and flux, it is generally better that the pot itself should be made of that metal. 
For this tnuTKjee a piece of j^ineh plate iron is turned up in the form of a crucible, 
and careiwy weldea at the edges. The bottom is closed by a thick iron rivet, which 
is securely welded to the sides, and the whole then finished on a properly-formed 
mandril. To make an assay in a crucible of this kind, it is first heated to dull red- 
n^, ^d, when sufficiently hot, 400 or 500 grs. of the powdered ore, intimately mixed 
with its own weight of carbonate of soda, half its weight of pearlash, and a small 
quantity of crude tartar, is introduced by means of a copper scoop (see Copper, fy . 
636). On the top of the whole is placed a tJiin layer of borax, whilst the crucible, 
wlu^, for the ready introduction of the mixture, has been removed from the fire, is 
at once replaced. Ihe heat is now raised to redness, the contents gradually becoming 
liquid, and giving off large quantities of gas. At the expiration of from 8 to 10 
minutM the mixture will be in a state of complete fusion ; the contents of the pot are 
now stirred with a small iron rod. Any matter adhering to its sides is scraped to the 
bottom of the pot, and the temperature of the furnace is increased during 3 or 4 
minutes to bright redness. 

The crucible ii then seized by a strong pair of bent tongs, on that part of the edge 
which is opposite the lip, and its contents rapidly poured into a cast-iron mould (see 
CoFFBB, Jiff, 634). The sides of the pot are now carefully scraped down with a chisel- 
edge bar of iron, and any adhering particles of metallic lead added to the portion first 
obtained. When sufficiently cooled the contents of the mould are easily removed, and 
the button of lead cleaned and weighed. By this process pure galena yields 84 per 
cent, of metallic lead, free from any injurious amount of iron, and perfectly ductile 
and malleable. This method of assaying, with various modifications, is that adopted 
in almost all lead-smelting establishments, and has the advantage of affording good 
results with all the ores belonging to the second class. 

Assay in the iron dish without fluxes. — ^In some of the mining districts of Wales the 
assay of lead ore is conducted in a manner somewhat different from that just described. 
Inst^ of fusing the ore in an iron crucible with fiuxes, the fusion is effected in a 
flat shallow iron dish, having a hemispherical cavity of about 4^ inches in diameter, 
and about 1 inch in depth in the centre. 10 oz. of the ore are operated on, and the 
assay is made by the aid of a blacksmith’s forge-fire. The ore is placed in the iron 
dish, provided with a sheet-iron cover, and heated for about 5 minutes, and the re- 
duced metal poured out into a mould. The iron dish is then replaced on the fire, and 
the heat continued for about 6 minutes, until the regulus (slurry) is fused ; the con- 
tents are then poured out into a mould, the lead detached, and added to the first 
portion of lead obtained ; and the whole weighed. Galena will yield as much as 82 
];>6r cent, of lead by this method. In some works the assay is made in an iron crucible 
without fiuxes, instead of the iron dish. 

Estimation of silver contained in lead ores. — All varieties of lead ore contain silver, 
and it is consequently necessary, in order to judge of their commercial value, to ascer- 
tain the exact amount of this metal which they afford. This is effected by the process 
of Cupellation. See Silver. 

In order, therefore, to separate the silver present in buttons resulting from ordinary 
lead assa^, it is onlv necessary to expose Uiem, on a cupelj to such a temperature as 
will rapidly oxidise the lead, ^e oxide of lead, or litharge, produced is absorbed by 
the porous body on which the assay is simported, and nothing but a small button of 
silver ultimately remains on the test. These supports or cupels are made of bone- 
ash, slightly moistened with a little water, and consolidated by being pressed into a 
mould. The furnace employed for this purpose is described in the article Silver, as 
is also the muffle or B-shiap^ retort in which the cupels are heated. 

As soon as the inuffle hM become red hot, the cupels that have been drying in the 
month of the opening are introduced by means of proper tongs, on the bottom of the 
muffle, previously covered with a thin layer of bone-ash, in order to prevent its being 
attacked in case of any portion of lithaige coming in contact with it during the pro- 
gress of the subsequent operations. The open end of the muffle is now closed by 
means of a proper aoor, and the cupels are ^us rapidly heated to the temperature of 
the muffle itsM, When this has been effected the door is removed, and into each of 
the cupels is introduced, by the aid of slender steel tongs, a button of the lead to be 
assays. The mouth of we muffle is again closed during a few minutes to facilitate 
the fflsion of the alloj ; when the oxide begins to pass cM the surface of the metallic 
mduet, the assay is said to be uncovered. The lead is now quickly converted into 
bthazge, which is absorbed by the cupel as fest as it is produced, whilst at the same 
time arises a white vapour, which is gradually carried off by the door and through 

Iho OMingB in the ddes and enl A circular stain is at the same time formed around 
tlm pohalu ^ melted metal, which gradually extends and penetrates into the sub* 
of the When nearly the whole of the lead has thus been removed, the 
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remaining bead of silver appears to become agitated by a rapid moti(m« which leems 
to make it revolve with great rapidity. At this stage the motion Will be observed 
suddenly to cease, and the button l^omes immoveable. This is c^ed the hn^Umiimg 
of the assay, and a button of silver now remains on the cupel. 

Jf the cupel were now abruptly removed from the muffle, the globule of silver 


Showing the Quantity of Lead Ore raised and smdted, average Metallic Yield of Ore 
per Centf and Ratio of Lead prodttced in various Parts of the United Kingdamt 
during Ten Years ending 18o7. 


Years 

England 

Wales 

Ireland 

Scotland 

Isle of Man 

■ 

Total 

Lead 

Ore 

Lead 

Lead 

Ore 

Lead 

Lead 

Ore 

Lead 

Lead 

Ore 

Lead 

Lead 

Ore 

Lead 

Lead 

Ore 

Lead 



tons 

tons 

tons 

tons 

tons 

tons 

tons 

tons 

tong 

tons 

tons 

tons 

1848 


64,638 

39,142 

16,305 

11,122 

1,912 

1,188 

2,588 

1,786 

2,621 

1,666 

77,864 

54,858 

1849 


60,124 

41,168 

19,711 

13,389 

2,739 

1,858 

1,421 

957 

2,826 

1,686 

86,821 

68,702 

18 SO 



44,462 

21,093 

14,876 

2,895 

1,746 

3,117 

2,124 

2,176 

1,218 

92,845 

64,426 

1861 


64,102 

45,103 

19,814 

14,813 

3,222 

1,829 

8,113 

2,140 

2,660 


92,811 

65,287 

1863 


62,411 

48,818 

18,879 

13,798 

4,493 

8,222 

3,499 

2,881 

2,416 

1,886 

91,197 

64,959 

1853 


59,342 

41,897 

17,131 

12,870 

8,309 

2,462 

2,799 

1,919 


Mwm 

■?d07ll 

60,967 

1854 


64,796 

44,986 

18,130 

18,367 

3,069 

2,210 

1,753 

1,279 

ayfiio 

2,137 

90,548 

68,979 

1855 


66,270 

46,244 

18,206 

13,678 

2,405 

1,732 

1,587 

1,159 

3,578 

B5E] 

Ejmj 

65,533 

1868 


74,489 

52,868 

19,878 

14,791 

2,484 

1,602 

1,931 

1,417 

3,218 

2,461 

101,997 

78,129 

1857 


68,520 

48,856 

21,465 

16;i24 

2,299 

1,407 

1,891 

1,361 

2,666 

2,028 

96,821 

96,266 



638,157 

448,039 

189,697 

138,783 

28,827 j 


23,699 j 

16,468 

27,204 

18,826 

907,486 


Average metallic 













yield of ore 

70'2 

78 

•1 

66-0 

69*4 

e9‘l 

70*6 

Batio of lead pro- 













duoed • • 

69*9 

21 

•7 

3*0 

2*5 

2*1 



Table of Lead OreSt Lead, and Silver prodttced from them in the United Kingdom from 
tlteyear 1848, showing tfte Quantity of Ore required to make 100 Tons of Lead, the 
Quantity of Lead in 100 Tons of Ore, and the Ounces of Silver in a Ton of Lead, 
for the same period. 


Years 

Lead Ore 

Lead 

Silver 

Ore to make 
100 Tons of 
Lead 

Lead in 
100 Tons of 
Ore 

Silver in 
a Ton of 
Lead 


tons 

tons 

ozs. 

tons 

tons 

ozs. 

1848 

78,944 

53,373 

••• 

147*909 

67-608 

... 

1849 

86,823 

58,715 

... 

147-871 

67-626 

• •• 

1850 

92,958 

64,429 

... 

144-279 

69-309 


1851 

92,312 

65,289 

... 

141-389 

70-726 

... 

1852 

91,198 

64,961 

... 

140-388 

71-230 

... 

1853 

85,843 

60,969 

496,475 

139-485 

71*691 

8-143 

1854 

90,554 

64,005 

562,659 

141-479 

70-681 

8-798 

1855 

92,251 

65,691 

661,906 

140-430 

71-209 

8-553 

1856 

101,997 

73,129 

614,188 

139-476 

71-696 

8*798 

1857 

96,820 

69,266 

532,866 

139-780 

71-541 

7-693 

1858 

95,855 

68,303 

569,345 

140-377 

71*266 

8-336 

1859 

91,353 

62,382 

578,275 

146-441 

68*286 1 

9-270 

1860 

88,701 

63,225 

549,090 

140-436 

71-206 

8-684 

1861 

90,666 

65,644 

570.474 

138-117 

72*402 

8-690 

1862 

95,312 

69,013 

686,123 

138-107 

72*407 

0-942 

1868 

91,283 

68,221 

634,004 

133-804 

74-736 

0*208 

1864 

94,463 

67,081 

641,088 

140-819 

71-018 

0-967 

1865 

90,452 

67,251 

724,856 

134-499 

1 74-349 

10-778 

1866 

91,051 

67,391 

636,688 

135-108 

74-014 

0-447 

1867 

93,432 

68,441 

805,394 

136-514 

73-262 

11-767 

1868 

95,236 

71,017 

841,828 

184-103 

74-668 

11-846 

1869 

96,866 

73,259 

831,891 

132*224 

76-020 

11*866 

1870 

98,176 

78,420 

784,562 

133-718 

74-788 

10-687 

1871 

98,965 

69,037 

761,490 

186-108 

78-470 

11*080 

1872 

81,564 

60,420 

628,920 

138*89 

72-0Oa 

10*408 
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Summary qf Lead Ore^ Lead, and Silver Produce of 1872. 


No. of 
Mines 

Counties 

Jjead Ore 

Lead 

Silver 





tons 

cwts. 

tons 

cvets. 

OSS. 


SVOLIND : 








18 

Cornwall 

. 


5,463 

10 

4,098 

15 

207,710 

5 

Devonshire . 



746 

9 

522 

6 

10,392 

4 

Somersetshire 



1,322 

5 

602 

18 

... 

194 

Derbyshire . 



5,612 

0 

4,191 

2 

1,000 

2 

Staflordshire 



280 

8 

210 

11 


10 

Shropshire . 



7,386 

17 

5,602 

6 

2,960 

34 

Yorkshire . 



5,202 

5 

3,873 

3 

500 

30 

Cumberland 



3,721 

17 

3,813 

1,259 

2 

30,159 

7 

Westmoreland . 



1,679 

2 

8 

17,620 

32 

Durhamand Northumberland 

19,106 

10 

14,399 

4 

72,175 


Wales: 








1 

Breconshire . 



8 

0 

6 

0 

... 

40 

Cardiganshire 



6,764 

3 

4,998 

13 

41,690 

1 

Caermarthenshire 



651 

0 

475 

15 

2,382 

1 

Pembrokeshire . 



130 

0 

97 

10 

490 

1 

Radnorshire 



32 

13 

24 

15 

125 

11 

Montgomeryshire 



8,059 

17 

14 

6,042 

13 

0 

55^-12 

1 

Merionethshire . 



6 

0 

6 

Denbighshire 



3,677 

18 

2,758 

17 

147479 

29 

Flintshire . 



3,208 

5 

2,435 

7 

18,650 

12 

Carnarvonshire . 



397 

15 

297 

1 

500 

10 

Isle of Man . 



3,529 

0 

2,639 

2 

145,433 

2 

Ibelakd . 



962 

0 

726 

5 

1,040 

4 

Scotland . 



3,605 

5 

2,831 

7 

5,900 

455 

Total of the United Kingdom 

81,564 

2 

60,420 

11 

628,920 j 


would be liable to vegetate, by which a ^rtioD of the metal might bo thrown off, and 
a certain amount of lose be thereby entailed. To prevent this, the cupel in which the 
assay has brightened should be immediately covered by another, kept red hot for that 
purpose. The two are now gradually withdrawn together, and, after having suffi- 
cently cooled, the upper cupel is removed, and the globule of silver detached and 
cleaned as follows : — 

The globule is now laid hold of by a pair of fine pliers and flattened on a small 
steel anvil, by which the oxide of lead which may have attached itself to it becomes 
pulverised, and is removed by rubbing with a small hard brush. The flattened disc 
IS then examined, in order to be sure that it is perfectly clean, and afterwards weighed 
in a balance capable of taming with j^th of a grain. 

The cnpellations should be conducted at the lowest possible heat at which they can 
be effect^ The temperat^ best fitted for this ojiteration is obtained when the 
mufle is at a red heat, and the vapours which arise from the assays curl gradually 
away, and are finally removed by the draught. Wlien the muffle is heated to white- 
ness, and the vapours rise to the top of the arch, the heat is too great : and when, on 
the oontraiy, the fumes lie over the bottom, and the sides of the openings in the 
muffle begin to darken, either a little more fuel must be added or the draught in- 
creased. If an assay has been properly conducted, the button of silver obtained is 
round, bright^ and smooth on its upper surface, and beneath ciystalliue, and of a dead 
white cdlw ; easily removed from the cupel, and readily freea from litharge. 

When the ores of lead, in addition to silver, contain gold, the button remaining on 
the eapel is an alloy of these metals. For the meth^ of estimating the gold, see 
Goi£nu 

Fot oommercasl purposes the silver contained in any given ore is estimated in 
ounaes, pennyweights, and grains troy upon the statute ton avoirdupois of 2,240 lbs. 
it is oniiomsxy to rttum the silver obtained from lead ores upon the ton of lead as 
yie l ils d by amay, and not npcm the ton of oza. For a Table to facilitate oaleolation, 

gee SOifstu 
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Lead imported into the United Kingd(m in the Year 1872. 


Deicription of Lead 
Lead ore . 

Lead, pig and sheet 
Lead manu&ctnres 


QuanUtlea 

tons 

14,560 

69,841 

441 


79 


British and Foreign Lead exited in the Year 1872. 


Description of Lead 

British 

tons 

Foreign 

tons 

Lead ore 

. 1,004 

1,404 

Fig lead 

. 33,403 

691 

Lead, rolled, sheet, piping, and tubing 

. 10,927 

... 

Lead manufactured .... 

. ... 

. 4 


abSAB-BMOT. (Plomh de Chaeee, Fr. ; Schrot, Flintenaohrot, Ger.) The oiifl;in 
of most of the imperfections in the manufacture of lead-shot is the too rapid ooolmg 
of the spherules bj their being dropped too hot into the water, whereby their siurfaces 
form a solid crust, while their interior remains fluid, and, in its subsequent concretions, 
shrinks, so as to produce the irregularities of the shot. 

The patent shot-towers originally constructed in .England obviate this evil by ex- 
posing the fused spherules a^r they pass through the cullender, to a large body of 
air during their descent into the water-tub plac^ on the ground. The highest erec- 
tion of this kind is probably at Villach in Carinthia, being 240 Vienna, or 249 f^lish 
feet high. 

The quantity of arsenic added to the mass of melted lead varies according to the 
quality of this metal ; the harder and less ductile the lead is, the more arsenic must 
be added. About 3 poimds of either white arsenic or orpiment is enough for one 
thousand parts of soft lead, and about 8 for the coarser kinds. The latter are em- 
ployed prrferably for shot, as they are cheaper, and answer sufficiently well. The 
arsenical alloy is made either by introducing some of this substance at each melting ; 
or by making a quantity of the compound considerably stronger at once, and adding 
a certain portion of this to each charge of lead. If the particles of the shot appear 
lens-shapM, it is a proof that the proportion of arsenic has been too great; but 
if they are flattened upon the side, if they are hollowed in their middle, called 
cupping by the workmen, or drag with a tail behind them, the proportion of arsenic is 
too small. 

The following is the process prescribed by the patentees, Ackerman and Martin. 
Melt a ton of soft lead, and sprinkle round its sides in the iron pot about two shovel- 
fuls of wood ashes, taking care to leave the centre clear; then put into the middle 
about 40 pounds of arsenic to form a rich alloy with the lead. Cover the pot with 
an iron lid, and lute the joints quickly with loam or mortar to confine the arsenical 
vaf)ours, keeping up a moderate fire to maintain the mixture fluid for three or four 
hours ; after which skim carefully, and run the alloy into moulds to form ingots or pigs. 
The composition thus made is to be put in the proportion of one pig or ingot into 1,000 
pounds of melted ordinary lead. When the whole is well combined, take a perforated 
skimmer, and let a few drops of it fall from some height into a tub of water. If they 
do not appear globular, some more arsenical alloy must be added. 

Lead which contains a good deal of pewter or tin must be rejected, because it tends 
to produce elongated drops or tails. 

From two to three tons are usually melted at once in the large establishments. The 
surface of the lead gets covered with a crust of oxide of a white spongy nature, some- 
times called cream by tlie workmen, which is of use to coat over the bottom of the cul- 
lender, because without such a bed ^e heavy melted lead Would run too rapi^ through 
the holes for the granulating process, and would form oblong spheroids. The mount- 
ing of this filter, or lining of the cullender, is reckoned to be a nice operation th« 
workmen, and is regarded usually as a valuable secret. 

The cullenders are hollow hemispheres of sheet-iron, about 10 inches in diasMter, 
perforated with holes, which should be perfectly round and free from burs. These 
must be of an uniform size in each cullender ; but of course a series of diifereat eul- 
lenders with sorted holes for every different size of lead-shot must be prepared* The 
holes have nearly the following diameters for the annexed numbmn of sh^;— > 

No. 0. 

1 . 

2 . 

8 . 

4 , • 


^ of an inoh. 

• T® »# 

• io 
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From No. 6 to No. 9 the diameter decreases bj regular gradations, the latter being 
onlr of an inch. 

operation is always carried on with three cullenders at a time, which are sup- 
^rted upon projecting grates of a kind of chafing-dish made of ^eet-iron somewhat 
like a triangle. This chi^ng-dish should be plac^ immediately above the fall, while 
at its bottom there must be a tub half-filled with water for reoei^dng the granulated lead. 
The cullenders are not in contact, but must be parted by burning charcoal in order to 
keep the lead constantly at the proper temperature, and to prevent its solidifying in the 
filter. The temperature of the lead-bath should vary with the size of the shot ; for the 
largest, it should be such that a bit of straw plung^ into it will be scarcely browned, 
but for all it should be nicely regulated. The height from which the particles should 
be let fall varies likewise with Uie size of the shot ; as the congelation is the more 
rapid, the smaller they are. With a fall of 33 yards or 100 feet, from No. 4 to No. 9 
nuw be made > but for larger sizes, 150 feet of height will be required. 

£ver 3 rthing being arranged as above described, the workman puts the filter-stuff 
into the cullender, pressing it well against the sides. He next pours lead into it with 
an iron ladle, but not in too great quantity at a time, lest it should run through too 
fast. The shot thereby formed and found in the tub are not all equal. 

The centre of the cullender being less hot affords larger shot than the sides, which 
are constantly surrounded with burning charcoal. Occasionally, also, the three cul- 
lenders emploj^ed together may have holes of different sizes, in which case the tub 
may contain shot of very various magnitudes. These are separated from each other 
by square sieves of different fineness, 10 inches broad and 16 inches long, their bottoms 
being of sheet-iron pierced with holes of the same diameters as those of the cullenders. 
These sieves are suspended by means of two bands above boxes for receiving the 
shot ; one sieve being usually set above another in consecutive numbers, for instance, 
I and 2. The shot ^ing put into the upper sieve. No. 0 will remain in it ; No. 1 will 
remain in the lower sieve, and No. 2 will, with all the others, pass through it into the 
chest below. It is obvious that by substituting sieves of successive fineness, shot of 
any dimensions may 1)6 sorted. 

In the preceding process the shot has been sorted to size ; it must next bo sorted to 
form, so as to separate all the spheroids which are not truly round, or are defective in 
any respect. For this purpose a board is made use of about 27 inches long and 16 
br^, furnished partially with upright ledges; upon this tray a handful or two of the 
shot to be sorted being laid, it is inclined very slightly, and gently shaken in the hori- 
zontal direction, when the globular particles run down by one edge, into a chest set to 
receive them, while those of irregular forms remain on the sides of the tray, and are 
reserved to be re-melted. 

After being sorted in this way, the shot requires still to be smoothed and polished 
bright. This object is effected by putting it into a small octagonal cask, through a 
door in its side, turning upon a horizontal iron axis, with rests in plummer boxes at its 
ends, and is made to revolve by any mechanical power. A certain quantity of plumbago 
or black-lead is put into the cask along with the shot. 

MAP, AA&TS 07. The following are the chief artificial salts : — 

Oabboxati of Lead. See White Lead. 

Nitbate of liBAD {Nitrate de plomb, Fr. ; Salpetersdures hletoxyd, Oer.), is made 
by saturating somewhat dilute nitric add with oxide of lead (lithaige), evapo- 
rating the neutral solution till a pellicle appears, and then exposing it in a hot 
chamber till it be converted into crystals, which are sometimes transparent, but gene- 
rally <H>aque white octahedrons. Their spec. grav. is 4*068 ; they have a cooling, 
sweetii^ pungent taste. They dissolve in 7 parts of cold, and in much less boiling 
water ; fuse at a moderate elevation of temperature, emit oxygen gas, and pass 
into oxide id lead. ^ Thdr constituents are 67*3 oxide and 82*7 acid. Nitrate of lead 
is mudi employed in the chrome-yellow style of CALico-PniNTiHa. 

There are three other compounds of nitric acid and lead oxide : viz. tlie bi-basic, 
the tri-haeie, and the sex-basic; which contain respectively 2, 3, and 6 atoms of base to 
1 of add. 

OxTOHLOBiiix OF Lbad. — A white pigment patented by the late Mr. Hugh Lee 
Fattinaon, of Nawoaatle, which he prepi^ by precipitating a solution of chloride of 
lead in hot water with pure lime-water, in equal measures ; the mixture being made 
with agitation. As the operation of mixing the lime-water and the solution of 
diktide of lead requires to be performed in an instantaneous manner, the patentee 
prefers to emph^ficir this purpose two tumbling l^es of about 16 feet cubic capadty, 
wh^ are ehaiM with toe two liquids, and simultaneously upMt into a cistern in 
whlAoiyiehlorideof lasd is instantaneously formed, and from which the mixture flows 
into 6ihsr abtens, where the oxychloride subsides. This white pigment consists of 
oao pfMi of diloride of Isad and one atm ef oxide of lead| with or without an atom 
ofirHar* 
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The salts of lead, beyond those already nameA which enter into any of onr Biann- 
factures, are few and unimportant. Watts’s Dktionarjf of ChemUtry should bo eon* 
suited for them. 

XBB. See Bed Lead. 

XaaiLSf WBXm. See White Lead. 

&BA]>BX]aXilTa. A sulphato-carbonate of lead found at Leadhills, in LanarkshirOf 
Scotland. 

&BA.TBIA (Cuir, Fr. ; Zeder, Ger.; Leer, Batch; Lader, Banish; Ldder, 
Swedish; Cuojo, Italian; Cuero, Spanish; Kueha, Bussian). This substance oon* 
sists of the skins of animals, chemically changed by the process odled tanning. 
Throughout the civilised world, and from the most ancient times this substance has 
been employed by man for a yariety of purposes. Barbarous and savage tribes use 
the skins of beasts as ekme ; civilis^ man renders the same substance unalterable by 
the external agents which tend to decompose it in its natural state, and by a variety 
of peculiar manipulations prepares it for almost innumerable applications. 

Although the preparation of this valuable substance in a rude manner has been 
known ^m the most ancient times, it was not until the end of the last, and the 
be^nning of the present century (1800) that it began to be manufactured upon right 
principles, in consequence of the researches of Macbride, Beyeux, Seguin, and Davy. 

Skins may be converted into leather either with or without tbeir hair; generally, 
however, the hair is removed. 

The most important and costly lands are comprised under sole leather and upper 
leather, to which may be added harness leather, belts used in machineiy, leather 
hose, but as far as the tanner is concerned, these are comprehended almost en- 
tirely in the kinds known as upper leather. 

The active principle by which the skins of animals are prevented fri>m putrefying, 
and at the same time, under some modes of preparation, rendered comparatively im- 
pervious to water, is called tannin, or tannic acid, a property found in the bark of the 
various species of Qactcue, but especially plentiful in tiie gall-nut. When obtained 
pure, as it may easily be from the gall-nut, by chemical means, tannic acid appears as 
a slightly yellowish, almost a colourless mass, readily soluble in water ; it precipitates 
gelatin from solution, forming what has been called tannogelatin, Tanmc add also 
precipitates albumen and starch. There can be little difficulty, after knowing the 
chemical combination just alluded to, in understanding the pe^iar and striking 
change produced on animal substance in the formation of leather. The hide or skin 
consists principally of gelatin, for which the vegetable astringent tannin has an 
affinity, and the chemical union of these substances in the process of tanning pro- 
duces the useful article of which we are treating. 

Before entering upon the various processes by which the changes are effected on 
the animal fibre, it may not bo uninteresting to speak of some of the principal as- 
tringents used for the purpose of producing these effects. 

Bark obtained from the oak-tree is the most valuable and the most extensively used 
ingredient in tanning, and for a long time no other substance was used in England 
for the purpose. In consequence of the demand having become very much greater 
than the supply, and the consequent increase in the price of the article, it became 
necessary to investigate its properties, in order, if possible, to furnish the required 
quantity of tanning matter from other sources. Among other substitutes which 
were tried with some success in other countries may be mentioned heath, murtle 
leaves, wild laurel leaves, birch-tree hark, and (according to the * Fenny Pydopttoia ’) 
in 1765 oak-sawdust was applied in England, and has since been nsM in Germany 
for this purpose. 

Investigation proved that the tanning power of oak-bark oonsisted in a peculiar 
astringent property, to which the name of tannin has been given, and this discoveo^ 
suggested that other bodies possessing this property would be suitable substitutes. 

According to Sir H. Bavy the following proportions of tannin in the different sub- 
stances mentioned will be found : — ‘ 8^ lbs. of oak-bark are equal to lbs. of galls, 
to 3 lbs. of sumach, to 7i lbs. of bark of Leicester willow, to 11 lbs. of the bark of the 
Spanish chestnut, to 18 lbs. of elm-bark, and to 21 lbs. of common willow-bark.’— 
Penny Cyclopadia, 

Oax-babk contains more tannin when cut in spring by four and a^ half rimes 
than when cut in winter ; it is also more plentiful in young trees than in old ones. 
About 40,000 tons of oak-bark are said to be imported into this eouatry annually, 
from the Netherlands, Germany, and ports in the MediterranMU. The quantify of 
English oak-bark used we have no means of ascertaining. It is prepared lor use by 
grinding it to a coarse powder between cast-iron cylinders, and I m d into rile tan-pita 
alternately with the skms to be tanned. Sometimes, however, as will be hereamer 
noticed, an infusion of the bark in water is employed with better effi^ See OAX-BasXf 

voL. iiL a 
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Mimosa. — The biirk and pods of iseveral kinds of Proaopis, the astringent properties 
cf which liaTe tendered them valuable in tanning, are known in commerce by this 
name. The Mimoaa are a division of the leguminous order of plants, which consists 
of a large number of species, the Acacia being the principal. The sensitive plants 
belong to this division. The Prosopis is found in India and South America ; the genus 
consists both of shrubs and trees. 

yALOKiA*- — The oak which produces this acorn is the Quercus JEffilops^ or great 
mckly-oupped oak (fys. 1856, 1357). These are exported from the Moroa and 
levant; the husk contains an abundance of tannin. 
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Catbcku, or Terra Japouica^ is the inspissated extract of the Acacia catechu. At 
the time the sap is most perfectly formed the bark of the plant is taken oS, the tree is 
then felled, and the outer part removed ; the heart of the tree, which is brown, is cut 
into pieces and boiled in water; when sufficiently boiled it is placed in the sun, and, 
subject to various manipulations, gradually dried. It is cut into square pieces, and 
mu^ resembles a mass of earth in appearance ; indeed, it was once considered to be 
such, hence the name Terra Japonica. 

We give Sir H. Davy’s analysis ; the first numbers represent Bombay, the second 
Bengal catechu : — 


Tannin 

. . • 


. 109 . 

. 97 

Extractive 

. 


. 68 . 

. 73 

Mucilage . 

. . 

. 

. 13 . 

. 16 

Impurities 

. 

• 

. 10 . 

. 14 


This astringent is also obtained from the Unearia Gamhir. 

Dividivi is a leguminous plant of the genus Casalpinia (C. ooriaria). The legumes 
of this species are extremely astringent, and contain a very large quantity of tannic 
.... and gallic acid ; they grow in a 

very peculiar manner, and be- 
come curiously curled as they 
arrive to perfection (Jip, 1358). 
The plant is a native of America, 
between the tropics. 

Sumach is a plant belonging 
to tlio genus lihus; several of 
the species have astringent pro- 
perties ; Ehus cotinus and E, 
coriaria are much used in tan- 
ning ; the bark of the latter is 
Sfiid to be the only ingredient 
used in Turkey for the purpose 
of converting gelatin into leather. 
That used in this country is mnnd to a fine powder, and is extensively applied to the 
production of bright leather, both by tanners and curriers. 

Many other vegetable prc^ucts have been from time to time proposed, and to some 
extent adopted lor the aame end, but they need not be enumerate. 

The prooese first ettended to by the tanner is simply to soak the skin or hide in 
water ; those from the home market may be said to be washed merely, as they remain 
hi wattt mily a lew hours ; while hides imported from foreign countries, and which 
leivt hetn preserved by saltuig or drying, and especially the latter, require soaking for 
^ period, in order to render Aem supple, and beating or rubbing materially 
\ hi^riiiging them to the required condition. 
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After removing the homt, the softened or recent hides ire laid in a heap fbr a short 
time, after which they are suspended on poles in a close room called a Simlta*hottse, 
heat^ som^hat above the common temperature by a smouldering Are. In ^ese 
circumstances, a slight putrefaction supervenes, which loosens the epidermis, and 
renders the hair easily detachable. This method for removing the hair is by no means 
general in this country. The plan adopted is to place the hides in a large vat or 
pit, containing milk of lime, in which tney must be moved ftequently, to allow the 
lime to act equally on eyery part. When the menstruum has taken proper effect, the 
hair is easily removed, and for this purpose the hide is spread out, and a blunt tool 
is worked over the surface. The hair being removed, the hide is washed in water to 
cleanse it from the lime, which must be most thoroughly effected. 

The heaviest hides are for the most part tanned for sole leather, and as the thinner 
pivrts are cut off previous to their being prepared for sale, they have received the 
name of butts or backs : the various processes through which these pass will be first 
described. 

After removing the hair and washing, the hides are placed on a convex beam {Jig, 
1359), and worked with a concave tool with two handles {Jig» 1360), in order to remove 
any flesh or fatty matter which 

may adhere to them ; this 1359 

being done, they are worked 
on Uie same beam, on the 
grain side, to drive out the 
grease and remove any re- 
maining hair. The Jleshings 
are pressed into cakes, and 
sold for making glue, as are 
all such portions of the hide 
or skin as cannot be conve- 
niently worked. The hair is 
sold to plasterers, to be used 
in their mortar ; and the tails, 
also for the hair, to sofa- 
makers and others requiring 
such materials. 

Such hides as are designed 
for machinery purposes are 
next immersed in a pit con- 
taining water impregnated 
with sulphuric acid, the acid varying from gj^th to y^th of the mixture. This process 
is called raising^ because it distends the pores, and makes the fibres swell, so as to 
become more susceptible of the action of tanning infusions. Forty-eight hours in 
general suffice for this operation, but more time may be safely t^en. From the 
term^ raising it will be concluded that the substance of the hide is increased, and 
this is the fact ; but as the gelatine is not increased, it is said that the shoemaker’s 
hammer would condense the leather so much that it would lose any supposed ad- 
vantage arising out of this increase in thickness. There is, however, a method 
of augmenting the substance of sole leather called puffing^ whic^, when once commu- 
nicate, appears to exist permanently ; the process is known to a small extent only, 
and the material is said to be considerably injured by this mode of preparation. 

When the hides are sufficiently raised^ they are transferred to a pit supplied with a 
weak infusion of bark ; here they are handled^ at first several times a day ; that is, they 
are drawn out of the pits, or moved up and down in the Ifgttor, to prevent the grain 
from being drawn into wrinkles. As the or tanning infusion, takes effect, they 
are put into pits containing stronger liquors, and after a month or six weeks they are 
placed in a pit, in which they are stratified with oak-bark, ground by a proper mill 
into a coarse powder. The pit is then filled with an infusion of bar£ In a month 
or five weeks the tanning and extractive matter of the bark will have intimately 
combined with the animal fibre ; the pit, exhausted of its virtue, must be renewed by 
taking out the spent bark, and repeating the dose as in the first instance. The lodes, 
which were placed at the top of the pit at first, are now put into the bottom, to equa- 
lise the action. In about three months this also is spent, and tile pioceea b^g 
repeated two ot three times more, the opmtion is complete. The ludM am now re- 
moved from the pit, and hung up in a shed. In the propufs of ^^ing they am com- 
pressed with a steel tool, and afterwards tiiey are subieeted to the aetioa sf a bvam 
roller. The steel tool is called a pin it is of a triangular shape {fig, IMIX 'wfth the lidis 
scooped out {fig, 1362), presenting three blunt edges. The butt is thrown aoMSS a pol^ 
and the workman, taking the pin by the handles o, o (^. 1861 ), pm i s cf it faadbly oym 
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Uie giftiiioBide of tlfe leather ; after carefallj compressing every part in this way, the 
Imtt is laid uraii a fiat bed of solid wood-work, prepared for the purpose, and the brass 
3 K>Uer is worked backward and forward until every portion is suffioiently compressed 

1861 



(fg, 1868), The roller a is a cylinder varying from 9 to 12 inches in length, and from 
7 to 10 inches in diameter ; h is an open box over the roller, into which weights are 
placed to make the necessary pressure, ten or twelve cwts. being frequently used for 
the purpose ; c, c, forms a fulcrum for lifting the roller from the bed to the leather ; 
d is the handle by which the machine is worked. When the compression is com- 
pleted, the only thing remaining to be done is properly to dry the leather, and then it 
is fit for the market. 

Some manufacturers place on the bottom of the tan-pit five or six inches of spent 
bark, and two or three inches of fresh bark over it, then a hide, and so alternately 
bark and a hide, until the pit is nearly full, resendng a small space at the top for a 
thicker layer of bark, over which weighted boards are laid, to condense the whole 
down into the tanning infusion. 

The operation of tanning sole leather by the above method occupies a year or more, 
the time depending on the nature and stoutness of the hide. 

A perfect leatl^r is recognised by its section, which should have a glistening 
marbled appearance, without any white streak in the middle. 

Crop hidth are manufactured very much like butts, that is to say, they are placed 
in milk of lime until the hair is sufficiently loosened, equality of action being secured 
by occasionally moving them in the menstruum ; they are then cleared of the hair and 
other impurities by the fleshing knifCj worked on the convex beam already described, 
they are then fre^ from lime by thorough washing. The next process is to plunge 
them into a weak ooze, from which they are transferred to other pits with stronger 
ooce ; ^ the while they are frequently handUd, that is, moved up and down in the 
infusion. After a month or six weeks they are subjected to a mixture of ground oak- 
bark and stronger ooze in other pits, to a series of which they are progressively sub- 
jected during two or three months. 

The hides are next put into large vats called layers, in which they are smoothly 
stratified, with more b^k and a stronger infusion. After about six weeks they arc 
taken out of these vats, and subjected to a new charge of this material, and allowed 
to lay some two months ; this process is repeated once or twice more till the hides 
are thoroughly tanned. They are then slowly dried in the shed, and folded for 
market. Althongh in general the stoutest and most compact hides are used as sole 
leather (notwithrtanding that they have not been condensed by the tanner, as in the 
case of otUt$\ yet many are appropriaftod to other purposes by the currier, and the 
lighter eow-Aidet ara manufactured for the upper leather of stout shoes, water- 
boots, 

The pvQoess of taiinih|[ shtos (as calves, seals, &c.) next claims attention. These 
are j^sm in the liaio>#ita luitil the hair can be easily removed, a process which 
•sagiuos about tan or twelve days ; this being accomplished, they are next washed in 
woter, so as oompletaly to remove the lime, as far as washing can secure its removal, 
thm immersed in a lixivium of pigeon's dung, dog's dung, or matters of a like 
IWtaie; ix this state they remain abmt ten or twelve days, the state of the atmo- 
tiftfietiiig tha process quicker at one time than another ; here also they are 
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frequently handled, and vforXxd on both sides on tho eonvei: beam* Ths working, 
joined to the action of the peculiar lixivium, serves to separate the remaizung lime, 
oil, and glntinons matter, and^ at the same time to render the skin pliant, soft, and 
r^y to imbibe the tanning principle. It is important that great attention should be 
paid to the process just described, as too short a period would produce a hard and 
crisp leather, while a few hours more than is necessary makes the article coarse and 
spongy, both of which conditions should be v^ carefmly guarded against. 

The skins are next removed to a pit containing a wei& solution of bark, in which 
they undergo nearly the same treatment as crop hideSy but they are not commonly 
stratified in the layers. About three months is usually occupied in tanning calf-skins, 
but of course the stouter the skin the more will be the time required. When dried 
they are disposed of to the currier, who dresses them for the upper leathers of boots, 
shoes, and a variety of other purposes. It is not unusual for the lighter cow hides to 
be treated like calf-skins. 

Horse-hides are also treated like calf-skins ; but as the horse-hide, with the exception 
of the part on and near the animal’s rump, produces a thin leather, it is usual, before 
subjecting the hide to the action of the baik, to cut out what is called the butty which 
•is tanned separately, and frequently used as an inferior sole leather. It is also to l>e 
remarked that horse-hides and kips (the hides of small foreign cattle) are frequently 
subjected to a process called bate shaving y in which the stout parts are reduc^ by a 
currieT^s knife previous to tanning, the object being to secure the complete infiltration 
of the animal fibre by the tannin in every part of the hide in the same time. 

Sheepskins are usually pressed alter the wool is removed, and before the tanning 
process is commenced, to get rid of the fatty matter contained in them, and which is 
not readily removed by ordinary working. 

In all the above processes, as the animal fibres on the surface of the skin absorb 
most readily the tanning principles, and thereby obstruct, in a certain degree, their 
passage into the interior fibres, especially of thick hides, it becomes an object of im- 
portance to contrive some method of overcoming that obstacle, and promoting the 
penetration of the tan. The first manufacturer who appears to have employed effica- 
cious mechanical means for favouring the chemical action was Francis G. Spilsb^, 
who, in April 1823, obtained a patent for the following operation: — ^After the hides 
are freed ^m the hairs, &c., in the usual way, they are minutely inspected as to their 
soundness, and if any holes be found, they are carefully sewed up, so as to be water- 
tight. Three frames of wood are provided of equal dimensions, fitted to each other, 
with the edges of the frames held together by screw bolts. A skin about to be tanned 
is now laid upon the frame, and stretched over its edges, then the second frame is to 
be placed upon it, so that the edges of the two frames may finch the skin all round 
and hold it securely ; another such skin is then stretched over the upper surface of the 
second frame, in like manner, and a third fmme being set upon this, confines the 
second skin. The three frames are then pinched tightly together by a series of screw 
bolts, passing through ears set round their outer edges, whidi fix the skin in a proper 
manner for being operated upon by the tanning liquor. 

A space has been thus formed between the two skins, into which, when the frames 
are set upright, the infusion is introduced by means of a pipe from the cistern above, 
while the air is permitted to escape by a stopcock below. This cock must of course 
be slut whenever the bag is filled, but the one above is left open to maintain a 
communication with the liquor cistern, and to allow the hydrostatic pressure 
to force the liquor through the cutaneous pores by a slow infiltration, and thus 
to bring the tannin into contact with all the fibres indiscriminately. The action 
of this pressure is evinced by a constant perspiration on the outer surfaces of the 
skins. 

When the tanning is completed, the upper stopcock is closed, and the under is 
opened to run off the liquor. The frames are now removed, the bolts are unj^wed, 
and the pinched edges of the skins pared off ; after which they are to be dried and 
finished in the usual manner. 

A modification of this ingenious and effect\ial process was made the subject of a 
patent, by William Drake, of Bedminster, tanner, in October 1831. The hides, after 
the usual preparatory processes, are immersed in a weak tan liquor, and by ftequent 
handling or turning over, receive an incipient tanning before being submitted to the 
infiltration plan. Two hides, as nearly of the same size and shape as possible, are 
placed grain to grain, when their corresponding edges are sewed fii^j together all 
round by shoemaker’s waxed thread, so as to form a bag sufliciently t^ght to hold tan 
liquor. This bag must then be suspended by means of loops sewed to its shoulder-etid* 
upon pegs, in such a manner that it may hang within a wooden-barred rack, and be 
confined laterally into a book form. About an inch of the bag is left nniew^ at tha 
upper end, for the purpose of int^ucing a ftinnel through which the cold tan iiqitiv 
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is poured into the beg till it be fiill. After a certain interval, 'which taries with the 
qniuity of the hidM» Uie outer surface becomes moist, and drops begin to form at the 
l^tom of the btt. These are received in a proper vessel, and when they accumulate 
sidBciently may be poured back into the fhnnel ; the bag being thus, as well as by a 
ftesh supply from above, kept constantly distended. 

When the hides are observed to feel hard and firm, while every part of them feels 
equally damp, the air of the tanning apartment, having been always well ventilated, is 
now to be heated by proper means to a temperature ^dually increasing from 70° 
to 150^ of Fahrenheit’s scale. This heat is to be maintained till the hides become 
firmer and harder in all parts. When th^ begin to assume a black appearance in some 
parts, and when the tan liquor undergoes little diminution, the hides may be considered 
to be tanned, and the bag may be emptied by cutting a few stitches at its bottom. 
The outer edj^ being pared off, the hides are to be finished in the usual way. During 
their suspension within the racks, the hides should be shifted a little sideways, to 
prevent toe formation of furrows by the bars, and to facilitate the equable action of 
the liquor. 

By this process the patentee says, that a hide may be tanned as completely in ton 
days as it could be in ten months by the usual method. 

Messrs. Knowlys and Duesbu^ obtained a patent in August 1826 for accelerating 
theimpr^ation of skins with tannin, by suspending them in a close vessel, from whicli 
the air is to be extracted by an air-pump, and then the tanning infbsion is to bo ad- 
mitted. In this way, it is supposed to penetrate the hide so effectually as to tan it 
unifon^y in a short time. 

^nisn leather is made by tanning lamb and kid skins with willow bark, whence it 
derives an agreeable smell. It is chiefly worked up into gloves. 

Of th^ tmmng or dressing of skins for gloves^ and white sheep leather. 

The operations of this art are : 1, washing the skins ; 2, properly treating them with 
lime ; 3, taking off the fleece ; 4, treatment in the leather steep. 

A shed erected upon the side of a stream, with a cistern of water for washing the 
skins ; wc^en horses for cleaning them with the back of the fleshing knife ; pincers 
for removing fibres of damaged wool ; a plunger for depressing the skins in the 
pits ; a lime pit ; a pole with a bag tied to the end of it ; a two-handled fleshing knife ; 
a rolling pin, flom 15 to 18 inches long, thickened in the middle ; — such are some of the 
utensils of a tawing establishment. There must be provided also a table for applying 
Uie oil to the skins ; a falling mill, worked by a water-wheel or other power ; a dress- 
® for squeezing out the fatty filth ; a stove ; planks mounted upon legs, 
for stretching the skins, &c. 

Fresh skins must be worked immediately after being washed, and then dried, other- 
wise they ferment, and contract either indelible spots, or get tender in certain points, 
so as to open npand tear under the tools. When received in the dry state they should 
be steeped in water for two days, and then treated as fresh skins. Thej' are next 
strongly rubbed on the convex horse-beam with a round-edged knife, in order to make 
^em pliant. l%e rough parts are removed by the fleshing knife. One workman can 
in this way propare 200 sluns in a day. 

The flean side of each bemg rubbed with a cold cream of lime, the skins are piled 
together with the woolly side of each pair outermost, and the flesh sides in contact. 
They are left in this state for a few days, till it is found that the wool may be easily 
removed by pluoking. 

Tbtiy are next washed in running water, to separate the greater part of the lime, 
strippw of the wool by small spring tweezers, and then fleeced smooth by moans of tho 
wlfiag piii» or sometimes by rubbing with a whetstone. Unless they bo fleeced iKM)n 
after the treatment with lime, they do not well admit of this operation subsequently, 
ae they ave apt to get hard. 

They are now stuped in the milk-of-lime pit, in order to swell, soften, and cleanse 
them ; afterwards in a weak pit of old lime-water, fifom which they are taken out and 
drained. This steeping and draining upon inclined tables, are repeated frequently 
daring the space cf throe weeks. Only the skins of young animals, or those of inferior 
rtbus are tawed. Sometiaiee the wool is left on, as for housings, &c. 

lha d rin s, after having been well softened in the steeps, are rubbed on tlio outside 
with a whetstone eet in a wooden ease with two handles, in order to smoothe them 
flwwp fately by remotiag aiqr remaining filaments of wool. Lamb-skins are rubbed 
with thej^ in the dissmon of their breadth, to give them suppleness ; but sheep-skins 
nas Mm with watsr alooSb They are now ready for the branning, which is done by 
Mkhii iO ibe. of bran with 20 guloiis of water, and keeping them in this fu^ntable 
MMitMlhiia we M wi th waddltioD, if poidhle, of soate old bran-water. Here 
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they must be frequently turned over, and carefully watched, as it is a delieate opflratioa. 
In the course of two days in summer, and eight in winter, the ara sud to be 
rained, when they sink in the water. On coming out of toe bran they are ready 
for the white stuff which is a bath composed of alum and sea-salt Twelve, tourteen, 
and sometimes eighteen pounds of alum for 100 skins, form toe basis the bath ; to 
which two and a half pounds of salt are added in winter, and three in summer. These 
ingredients are introduced into a copper with twelve gallons of water. The salt aids 
in the whitening action. When the solution is about to boil, three gallons of it are 
passed through the cullender into a basin ; in this 26 skins are worked one after 
another, and, after draining, they are put together into the bath, and left in it for ten 
minutes to imbibe the salts. They are now ready to receive the paste. For 100 skins, 
from 13 to 15 pounds of wheat-flour are used, along with the yolks of 50 eggs. After 
having warmed the alum-bath through which the skins have been passed, the flour is 
dusted into it, with careful stirring. The paste is well kneaded by the gradual addition 
of the solution, and passed through the cullender, whereby it becomes as clear as honey. 
To this toe yolks being added, the whole is incorporated with much manual labour. 
The skins are worked one after another in this paste ; and afterwards the whole to- 
gether are left immersed in it for a day. They are now stretched and dried upon pdes, 
in a proper apartment, during from 8 to 15 days, according to the season. 

The effects of the paste are to wliiten the skins, to soften them, and to protect them 
from the hardening influence of the atmosphere, which would naturally render them 
brittle. They would not bear working upon the softening iron, but for the emulsion 
which has been introduced into their substance. With this view th^ are dipped in a 
tub of clear water during five or six minutes, and then spread and worked upon the 
board. They are increased by this means in length, in the proportion of 5 to 8. No 
hard points must be left in them. The whiteness is also better brought out by this 
operation, which is performed upon the flesh side. The softening tool is an iron plate, 
about 1 foot broad, rounded over above, mounted upon an upright beam, 30 inches 
high, which is flxed to the end of a strong horizontal plank, 3^ feet long ai^ 1 broad. 
This plank is heavily loaded, to make it immoveable upon the floor. Sometimes the 
skins are next spread over an undressed clean skin upon the horse, and worked well 
with the two-handled knife, for the purpose of removing the first and second epidermis, 
called the.^r and anriere-fieur by the French mSgissiere. They are then dried while 
stretched by hooks and strings. When dry they are worked on the atretching^iron, or 
they are occasionally polished with pumice-stone. A delicate yellow tint is given by 
a composition made of two parts of whitening and one of ochre, applied in a moistened 
state, and well worked in upon the grain side. After being polish^ with pumice,^toey 
are smoothed with a hot iron, as the laundresses do linen, whereby they acquire a 
degree of lustre, and are ready to be delivered to the glover. 

For housings, the best sheep-skins are selected, and such as are covered with the 
longest and most beautiful fieece. They are steeped in water, in order to be cleaned 
and softened ; after which they are thinned inside by the fleshing knife. They are 
now steeped in an old bran-pit for 3 or 4 days, when they are taken out and washed. 
They are next subjected to the white or alum-bath, the wool being carefully folded 
within; about 18 lbs. of alum being used for 100 skins. The paste is made as for 
the fleeced skins, but it is merely spread upon their flesh side, and left upon them for 
18 hours, so as to stiffen. They are then nung up to dry. They are next moistened 
by sprinkling cold water upon them, folded up, piled in a heap, and covered with 
boards weighted with heavy stones ; in which state they remain for two days. They 
are next opened with a round iron upon the horse, and subjected to toe stretching 
iron, being worked broadwise. They are dried with the fleece outermost, in the sun 
if possible, and are finished upon the stretcher. 

Calf- and lamb-skins with their hair and wool are worked nearly in the same 
manner ; only the thicker the skin, the stronger toe alum-bath outfit to be. One 
pound of alum and one of salt are required for a single calf-skin. It is left four days 
in this bath, after which it is worked upon the stretcher, and toen fulled. When half 
dry, the skins are opened upon the horse. In eight days of ordinary weather, they may 
be completely dressed. liamb-skins are sometimes steeped dunng eight ^ys in a 
bath prepared with unbolted rye-flour and cold water, in which they are daily moved 
about two or three times. They are then dried, stretched upon the iroUi aid swittoed 
upon the fieecy side. . ^ 

Chamois, or Sharsoy leather, — The skins are flrst washed, limed, fleecer and branned 
as above described. They are next efflowered, toat is, deprived of their ejfldermis by 
a concave knife, blunt in its middle part, upon the convex home^beam* ^ The cutting 
part serves to remove all excrescences, and to equalise the thiduMW, idlika the blui^ 
part softens and smooths. The skins of goats, does, and chamoie are ajhrayw tMted 
in this way. They are next sul^'ected to the fermenting Jb(Nfft«ctee^ finr tom 
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•dm in ordinaiy breather ; but in hot weather for a much shorter time, sometimes 
onlj moring them in the sour bran-liqnor for a few minutes. They are wrung 
at We and subjected to the fulling mill. 

When the ddns hare been sufficiently swelled and suppled bv the branning, they 
may receiTa the first oil as follows ; a dozen skins being stretched upon the table, the 
fingers are dipped in the oil, and shaken over the skins in diffirent places, so as to 
impart emm^ of it to imbue the whole surface slightly, by friction with the palms of 
the hands. It is to the outside or prain that the oil is applied. The skins are folded 
four together, so as to form balls of the size of a hog’s bladder, and thrown into the 
trough of the fulling mill, to the number of twelve dozen at once. Here they remain 
exposed to the beater for two, three, or four hours, according to their nature and the 
state of the weather. They are taken out, aired, oiled, and again fulled. The airing 
and fulling are repeated sereral times, with more or less frequent oilings. Any cheap 
animal oil is employed. 

After these operations, the skins require to be subjected to a fermenting process, to 
dilate their pores, and to facilitate thoir combination with the oil. This is perform('d 
in a chamber only 6 feet high and 10 or 12 feet square. Poles are suspended hori- 
eontally a few inches from the ceiling, with hooks fixed in them to which the skins are 
attached. A somewhat elevated temperature is maintained, and by a stove if need l>e. 
This operation requires great skill and experience. 

The remainder of the epidermis is next removed by a blunt concave knife and the 
horse ; whereby the surface is not cut, but rather forcibly scraped. 

The skins are now scoured to carry off the redundant oil ; which is effected by a 
potash-lye, at 2° Baum^ heated no hotter than the hand can bear. In this they arc 
stirred briskly, steeped for an hour, and lastly wrung at the peg. The soapy liquor 
thus expelled is um for inferior purposes. The clean skins after being dried arc 
finished first on the ttretcher-irofi^ and then on the horse or stretching frame. 

Leather of Hungary, — This is manufactured by impregnating strong hides with alum, 
common salt, and suet ,* by a rapid process which is usually completed in the space 
of two months. The worluhop is divided into two parts : 1. A shed on the side of a 
stream, furnished with wooden horses, fieshing knives, and other small tools. In one 
comer is a furnace with a boiler for dissolving the alum, a vat for immersing the hides 
in the solution, and several subsidiaiy tubs. 2. A chamber, 6 feet high, by 16 feet 
square, capable of being made very tight, for preserving the heat. In one corner is a 
copper boiler, of sufficient size to contain 170 lbs. of tallow. In the middle of the 
stove is a iquare stone slab, upon which an iron grate is placed about a yard square. 
This is covem with charcoal. At each side of the stove are large tables, which occu})y 
Sts whole length, and on which the leather is spread to receive the grease. The upper 
part below the ceiling is filled with poles for hanging the leather upon to be heated, 
^e door is made to shut perfectly close. 

The first operations are analogous to those of tanning and tawing ; the skins being 
washed, cut in halves, shaved, and steeped for 24 hours in the river. They are 
then deaned with 5 or 6 lbs. of alum, and 3^ lbs. of salt, for a piece of hide 
wdiich weighs from 70 to 80 lbs. The common salt softens the effect of the alum, 
attracts the moisture of the air, and preserves the suppleness of the skin. When the 
alum and salt are dissolved, hot water is poured upon the hides placed in a vat, and 
they are trampled upon by a workman walking repeatedly from one end of the vat to 
the other. They are then transferred into a similar vat containing some hot w'ater, 
and similarly trampled upon. They are next steeped for eight days in alum-water. 
The same round of operations is repeated a second time. 

The skins are now dried either in the air, or in a stove-room ; but before being quite 
dty , they are doubled together, well stretched to take out the wrinkles, and piled up. 
Wtien <uy, they are again trampled to open the pores as well as to render the skin 
pliant, aftw which they are whitened by exposure to the sun. 

Tallow of inferior quality is employed for greasing the leather. With this view the 
hides are hung umm the poles in the close stove-room, then laid upon the table, and 
besmeared with we tallow melted till it begins to crackle. This piece is laid on 
anoi^er taUe» is ^ere covered with a second, similarly greased, and so forth. Three 
ponnds of frt are oommonlj employed for one piece of leather. 

yhien the thirty strips, or fifteen hides pas^ throi^h the grease in one operation 
are eom{deted,two workmen take the first piece in their hands, and stretch it over the 
bosaing diareoal on the grata for a minut^ with the flesh-side to the fire. Tlie rest 
are passed over the dame in like manner. After fanting, the pieces are successively 
kid am an indined table aacpoaad to the fire, where tb^ are covered with a cloth. 
Tbsy are ftmUy hung iqm poke in the air to dry ; and if the weather be warm, they 
it# gaipattdad only duiing Uie night, so as to favour the hardening of the grease, 
liillidtf dm ilnni-bath^ Cmmuii has employed with advantage a steep of dilute 
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The IlTUsiaiis have long been possessed a method of making a peculiar leather, 
called by them Juusten^ dyed red with the aromatic satmders woo^ Thia article 
has been much sought after, on account of not being subject to mould in damp 
situations, being proof against insects, and even repelling them from vicinity 
by its odour. The skins are freed from the hair or fleece, by steeping in an ash-lye too 
weak to act upon the animal fibres. They are then rinsed, fulled for a longer or shorter 
time according to their nature, and fermented in a proper steep, after having been 
washed in hot water. They are taken out at the end of a week, but they may 
bo steeped a second time if deemed necessary, to o^n their pores. They are now 
cleaned by working them at the horse on both the fle^ and grain sides. 

A paste is next composed, for 200 skins, of 38 lbs. of i^e-flour, which is set to 
ferment with leaven. This dough is worked up with a sufficient quantity of water to 
form a bath for the skins, in which they are soaked for 48 hours ; th^ are then trans- 
ferred into small tubs, where they remain during fifteen days, after which they are 
washed at the river. These operations serve to prepare the skins for absorbing the 
astringent juices with uniformity. A decoction of willow-bark {8(dix cinerea and Salix 
caprea) being made, the skins are immersed in the boiler whenever the temperature of 
the liquor is sufficiently lowered not to injure the animal fibres, and handled and 
pressed for half an hour. This manipulation is repeated twice daily during the 
period of a week. The tanning infusion is then renewed, and applied to the same 
skins for another week ; after which, being exposed to the air to dry, they are ready 
for being dyed, and then curried with the empyreumatic oil of the bark of the birch 
tree. To this substance the Eussia leather owes its peculiarities. Many modes have 
been prescribed for preparing it ; but the following is the one practised in Eussia. 

The whitish membranous epidermis of the birch, stripped of all woody parts, is in- 
troduced into an iron boiler, which, when stuffed full, is covered tight with a vaulted 
iron lid, having a pipe rising from its centre. A second boiler into which this pipe 
passes without reaching its bottom, is set over the first, and is luted to it at the edges, 
after the two are bolted together. They are then inverted, so that the upper one con- 
tains the birch-bark. The under half of this apparatus is sunk in the earth, the surface 
of the upper boiler is coated over with a clay lute, then surrounded with a fire of wood, 
and exposed to a red heat, till the distillation be completed. This operation, though 
rude in appearance, and wasteful of wood, answers its puimose perfectly well. The iron 
cylinder apparatus used in Britain for distilling wood-vinegar would, however, be 
much more convenient and productive. When the above bodies are unluted, there is 
found in the upper one a very light powder of charcoal, and in the under one, which 
served as a receiver, there is an oily, brown, empyreumatic fluid, of a very strong 
smell, which is mixed with the tar, and which floats over a small quantity of crude 
vinegar. The former matter is the oil employed to impregnate the iins, by working 
it into the flesh side with the currieris tools. It is difficult to make this oil penetrate 
with uniformity ; and the Eussians do not always succeed in this process, for they 
turn out many skins in a spotted state. This oil is at present obtained in France by 
distilling the birch-bark in copper stills, and condensing the products by means of a 
pipe plunged in cold water. About 60 per cent, of the weight of the bark is extracted. 

The skins imbibe this oil most equally before they are fully dry. Care must be 
taken not to apply too much of it, for fear of its passing through and staining the 
grain side of the leather. Chevreul has investigated the ^emical nature of this odo- 
riferous substance, and finding it to be a peculiar command, has called it hetuUne. 

In the Franklin Institute for Februaiy 1843, Mr. Gideon Lee has published some 
judicious observations on the pi^ess of tanning. He believes that much of the 
original gelatine of the hides is never combined with the tannin, but is wasted ; for 
he thinks that 100 lbs. of perfectly dry hide, when cleaned from extraneous matter, 
should, on chemical principles, afibrd at least 180 lbs. of leather. The usual 
preparation of the hide for tanning ho believes to be a wastefhl process. In the 
liming and bating, or the unhairing and the cleansing, the general plan is first to steep 
the hides in milk of lime for one, two, or three weelu, according to the weathOT and 
texture of the skin, until the hair and epidermis be so loosened as to bo readily re* 
moved by rubbing down, by means of a knife, upon a beam or block. Another mode 
is to suspend the hides in a close chamber, heated slightly by a smouldering fire, till 
the epidermis gets loosened by incipient putrefection. A third process, called^ sweat- 
ing, used in Germany, consists in laying the hides in a pack or pile, covered with tan, 
to promote fermentative heat, and to loosen the epidermis and hairs. IHiese plans, 
especially the two latter, are apt to injure the quality of the hides. 

The hats consists in steeping the haired hides in a solution of pigeons^ dung, con- 
taining, Mr. Lee says, munate of ammonia, muriate of soda, ftc; ; but most probably 
phosphates of ammonia and lime, with urate of ammonia, and very fermentabm animal 
matter. The dry hides are often subjected first of all to the operation of the fidlin^ 
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stockS} which opens the pores, but at the same time prepares them forthe action of the 
liming and bate; as also for the introduction of the tanning matter. When the 
fulling is too moleBt, the leather is apt to be too limber and thin. Mr. Lee conceives 
that we liining is iijurious, by carrying off more or less of the gelatine and albumen 
of the skin. A%h-limed leather is loose, weighs light, and wears out quickly. The 
subsequent fermentation in the bating aggravates that evil. Another process has 
the^ore been adopted in New York, Maine, New Hampshire, and some parts of 
Philadelphia, called, but incorrectly, cool sweating^ which consists in suspending the 
hides in a subterranean vault, at a temperature of 60® F., kept perfectly damp, by 
the trickling of cold spring-water from points in the roof. The hides being first 
soaked, are suspended in this vault from 6 to 12 days, when the hair is well loosened, 
by the mere softening effect of moisture, without fermentation, — H.M. 

MOROCCO. {Maroquin^ Fr. ; Saffian, Ger.) Morocco leather of 
the finer quality is made from goat-skins tanned with sumach; inferior morocco 
leather (roan) from sheep-skins. Tlio goat-skins as imported are covered with hair ; 
to remove which they are soaked in water for a certain time, and they are then sub- 
jected to the operation called breaking, which consists in scraping them clean and 
smooth on the flesh side, and they are next steeped in lime-pits (milk of lime) for 
several days, during which period they are draum out, with a hook, from time to time, 
laid on the side of the pit to drain, and replunged alternately, adding occasionally a 
little lime, whereby they are eventually deprived of their hair. When this has be- 
come sufficiently loose, the skins are taken out one by one, laid on convex beams, the 
work-benches, which stand in an inclined position, resting on a stool at their upper 
end, at a height convenient for the workman’s brecist, who scrapes off the hair with a 
concave steel blade or knife, having a handle at each end. When unbaired, the skins 
are once more soaked in milk of lime for a few days, and then scraped on the flesh 
side to render it very even. For removing the lime which obstructs their pores, and 
would impede the tanning process, as well as to open these pores, the skins are steeped 
in a warm semi-putrid alkaline liquor, made with pigeons’ and hens’ dung difiused in 
water. Probably some very weak acid, such as fermented bran-water, would answer 
as well, and not be so offensive to the workmen. (In Germany the skins ore first 
washed in a barrel by a revohdng axle and discs.) They are again scraped, and then 
sewed into bags, the grain outermost, like bladders, leaving a small orifice, into which 
the neck of a funnel is inserted, and through which is poured a certain quantity of a 
strong infusion of the sumach ; and they are now rendered tight round the orifices, 
after being filled out with air, like a blown bladder. A parcel of these inflated skins 
are tlirown intx) a very large tub, containing a weaker infusion of sumach, where 
they are rolled about in the midst of the liquor, to cause the infusion within to act 
upon their whole surface, as well as to expose their outsides uniformly to tlie tan- 
ning action of the bath. After a while these bladder-skins are taken out of the bath, 
and piled over each other upon a wooden rack, whereby they undergo such pressure 
AS to force the enclosed infusion to penetrate through their pores, and to bring tlie 
tannin of the sumach into intimate contact, and to form a chemical combination with 
the skin fibres. The tanning is completed by a repetition of the process of inti-o- 
dneing some infusion or decoction into them, blowing them up, and floating them 
with agitation in the bath. In this way goat-skins may be well tanned in the course 
of one day. 

The ba^ are ne^ undone by removing the sewing, the tanned skins are scraped us 
before on the curriers’ bench, and hung up in the d^ing loft or shed ; they are said 
now to be ‘in the crust.’ They are a^in moistened and smoothed with a rubbing 
tool before being subjected to the dyeing operations, in which two skins are applied 
flioe to face to confine the dye to one of their surfaces only, for the sake of economising 
the dyeing materials, which may be of several different colours. The dyed skins are 
grained being atrongly rubbed with a ball of box wood, finely grooved on its 
sur&oe. 

Plopandxiiy to boing dyed, each skin is sewed together edgewise, with the grain on 
the ontasde, and it is then mordanted either with a solution of tin, or with alum- water. 
Theoolour is given by cochineal, of which from 10 to 12 ounces are required for a dozen 
of i^ns. T& cochineal being boiled in water along with a little tartar or alum for a 
few minutes, fatmB a fed liquor, which is filtered through a linen cloth, and put into 
A clean cask. The ririns are immersed in this bath, and agitated in it for about half 

hour ; they are taken out and beaten, and then subjected to a second immersion in 
the cochineal bat^ After being thus dyed, they are rinsed and tanned with Sicilian 
.sgaiach, at the sate of two pounds for a skin of moderate size. The process is per- 
Ibrmsd in a large tub made of white wood, in the liquor of which the skins are floated 
iSbt M nanj bladdsra and moved about by mauual labour during four liours. They 
jMRtlllA wen on4 drained, and again subjected to the tanniuig liquor; the whole pro- 
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cess requiring a space of twenty-four hours. The skins are now nnstitdiedt riniedt 
fulled with beetles, drained, rubbed hard with a copper blade, and lastly hong up 
to diy. 

Some manufacturers brighten the colour by applying to the surfiice of the ridns, in 
a damp state, a solution of carmine in ammonia with a sponge ; others apply a decoc- 
tion of saffron to enliven the scarlet tint. At Paris, the morocco leather is tanned by 
agitation with a decoction of sumach in large casks made to revolve upon a horisontal 
axis, like a barrel churn. White galls are sometimes substituted for sumach ; a pound 
being used for a skin. The skins must be finally cleaned with the utmost care. 

The black dye is given by applying with the brush a solution of red acetate of iron to 
the grain side. Blue is communicated by the common cold indigo vat ; violet, with a 
light blue followed by cochineal red ; green, by Saxon blue followed by a yellow dye, 
usually made with the chopped roots of the barberry. This plant serves hlao for 
yellows. To dye olive, the skins are first passed through a we^ solution of green 
vitriol, and then through the decoction of barberry root, containing a little Saxon 
blue. Puce colour is communicated by logwood with a little alum ; which may be 
modified by the addition of a little Brazil wood. In all these cases, whenever the 
skins are dyed, they should be rinsed, wrung, or rather drained, stretched upon a 
table, then besmeared on the grain side with a film of linseed oil applied by means of 
a sponge, in order to promote their glossiness when curried, ana to prevent them 
becoming homy by too rapid drying. 

The last process in propping morocco leather is the currying, which brings out the 
lustre, and restores the original suppleness. This operation is practised in different 
manners, according to the purpose the skins are to serve. For pocket-books, port- 
folios, and case-making in general, they must be thinned as much as possible upon the 
fiesh side, moistened slightly, then stretched upon the table, to smooth them ; dried 
again, moistened, and lastly passed two or three times through the (^linder press in 
different directions, to produce the crossing of the grain. The skins intended for the 
shoemaker, the saddler, the bookbinder, &c., require more pliancy, and must be dif- 
ferently curried. After being thinned, they are glazed with a polisher while still 
moist, and a grain is formed upon the flesh side with the roughened lead plate or 
grainer of the curriers, called in French pommelle ; they are glazed anew to remove 
the roughness produced by the pommel, and finally grained on the flesh side with a 
surface of cork applied under a pommel of white wood. 

Tawing of Skins. {Megisserie, Fr. ; Weisagerherei^ Ger.) The kid-, sheep-, and 
lamb-skins, are cleaned as has been already described. In some &ctorie8 they 
receive the tanning power of the submuriate of alumina (from a solution of alum and 
common salt) in a large barrel-chum apparatus, in which they are subjected to violent 
agitation, and thereby take the duming in the course of a few minutes. In other cases, 
where the yolks of eggs are added to the above solution, the mixture, with the skins, 
is put into a large tub, and the whole trampled strongly by the naked feet of the 
operator, till the emulsion of the egg be forced into the pores of the skin. The tawed 
skins, when dry, are * staked,’ that is stretched, scraped, and smoothed by friction 
against tbo blunt edge of a semi-circular knife, fixed to the top of a short beam of wood 
set upright. The workman holding the extr^ities of the skin with both hands, pulls 
it in all directions forcibly, but skilfully, against the smoothing ‘ stake.’ 

In an entertaining article on tanning in the 11th vol. of the 'Penny Magazine,’ at 
page 215, the following description is given of one of the great tawing establislunents 
of Loudon : — 

* In the production of “ imitation” kid leather, the skin of lambs is employed ; and 
for this purpose lamb-skins are imported from the shores of the M^terranean. 
Tliey are imported with the wool yet on them ; and as this wool is valuable, the leather 
manufacturer removes this befixre the operations on the pelt commence. The wool is 
of a quality that would be greatly injui^ by the contact of lim^ and therefore a Idnd 
of natural fermentation is brought about as a means of loosening the wool from the 
pelt.’ The following is a description of one of the buildings : * On the ground floor, 
a flight of stone steps loads down to a range of subterranean vaults or close rooms, 
into which the lamb-skins are introduced in a wet state, after having bemi steeped 
in water, * broken ’ on the flesh side, and drained. ^ The temperature of these rooms 
is nearly the same all the year round, a result obtained by having them eaaeluded jui 
much as possible from the variations of the external atmosphere ; and the result is, 
that the skins undergo a kind of putrefactive or fermenting process, by which the 
wool becomes loosened from the pelt. During this chemical change ammonia is 
evolved in great abundance ; the odour is strong and disagreeable ; a lighted eandle, 
if introduced, would bo instantly extinguished, and iqiurioos eibets would be per- 
ceived by a person remaining long in one of the rooms. Eadi zoom la about ten 
feet square, and is provided with nails and bars whereon to hang the kmbHddai. 
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liie doors from all tlie rooms open into one common passage or vanlt, and are kept 
diose, except when the skins are inspected. It is a point of much nicety to determine 
when the fermentation has proceeded to snch an extent as to loosen the wool from the 
pelt ; for if it be allowed to proceed beyond that stage, the pelt itself would become 
iigured. 

When the fermentation is completed, generally in about five days, the skins are re- 
moved to a beam, and there ‘ slimed,* that is, scraped on the fiesh side, to remove a 
slimy snbetance which exudes from the pores. The wool is then taken off, cleaned, 
and sold to the hatters, for making the bodies of common hats. The stripped pelts 
are steeped in lime-water for about a week, to kill the grease ; and are next ‘ fieshed 
on the beam.* After being placed in a ‘ drench,* or a solution of sour bran for some 
days to remove the lime and open the pores, tho skins are alumed, and subjected to 
nearly the same processes as the true kid-skins. Those Mediterranean lamb-skins do 
notin general measure more than about 20 inches by 12 ; and each one furnishes 
leather for two pairs of small gloves. These kinds of leather generally leave the 
leather-dresser in a white state ; but undergo a process of dyeing, softening, * stroking,* 
&c., before being cut up into gloves. 

The tanning of one average-sized skin requires about Ij lb. of good Sicilian 
sumach ; but for leather which is to receive a bright scarlet dye, from one half to 
three quarters of a pound of gall-nuts are employed in preference. Inferior goat-skins 
are tanned with a willow-bark infusion, in pits, in which they are turned repeatedly, 
and laid out to drain, as in tanning sole leather. The finest skins for the brightest 
scarlet are cured with salt, to prevent their receiving damage in the transport, and 
are dyed before being tanned. This method is practised in Germany and France. 

Leathfr of deer- and sheep-skins is prepared with oil, for the purpose of making 
breeches, &c., and for wash-leather, used in cleaning plate. After they are completely 
washed, limed, and beamed, as above described, they have their ‘ grain * surface re- 
moved, to give them greater softness and pliability. This removal of the grain is 
called * frizing,* and it is done either with the round edge of a blunt knife, or with 
pumice-stone. After being freed from tho lime by steeping in fermented bran-water, 
they are pressed as dry as may bo, and are then impregnated with cod-oil, by beating 
with stocks in the trough of a kind of fulling mill. Previously to the application of 
the oil, they are usually beat for some time alone to open their substance. The oiled 

skins are stretched, hung up for some time in the air, then fulled with oil as before a 

proccM which is 8 or 9 times repeated. The oil is slowly and evenly poured upon the 
skins in the trough during tho action of the beaters. One hundred skins usually Uiko 
up in this way from two to three gallons of oil. The fulled oil skins are thrown into 
large tubs, and left for some time to ferment, and thereby to combine more intimately 
with the oil. They are lastly subjected to a weak potash -lye-bath, to strip them of the 
loosely adhering oil. They are then hung up in the air to dry, and dressed for the 
market. — ^H.M. 

liBAiTKMRf XVBBlAJfy os tanned at Kazan, The hides to be tanned may l>e 
either fresh from the animal or dry, no matter which ; they are first laid to soak for 
three days and nights in a solution of potash, to which some quicklime is added. Tho 
potash used is made of the tree called in Kuss Him (the common elm), which sort- is 
said to be preferable to any other, if not essential ; it is not purified, so that it is of a 
brown colour and of an earthy appearance : about 12 poods of this (tho pood is 36 lbs. 
English), and 2 poods of lime, serve for 100 skins. As they have no way of ascer- 
tainiim the degree of causticity of the alkali but by its effect upon the tongue, when 
th^'uid it weak they let the skins lie longer in the solution. 

Wien Uie skins are taken out of this solution they are carried to the river, and left 
under water for a day and night. 

Next a redro of dog^s dung is boiled in as much water as is enough to soak 60 skins, 
(the vedro is equal to 2*696 English imperial gallons) but in the winter time, when 
the dung is fooien, twice that quantity is found necessary. The skins are put into this 
solution, not while it is bmling hot, but when at the heat which tho hand can bear ; in 
this they lie one day and one night. 

The ddns aie then sewed up so as to leave no hole ; in short, so as to be water-tight ; 
about one third of what the skin will contain is then filled up with the leaves and small 
twigs chopped fogether of the nlant called in Russ Toloknanka {Arbutus uva-ursi^ 
sometimes called bearbeny), which is brought from the environs of Solikamskaga, 
and the skin is then filled up with water. 

^e ddns thus filled axe laid one on the other in a large trough, and heavy stones 
mm them, so as by th^ weight to press the infusion through the pores of the skin in 
aboot 4 hours ; yet, as it was said at the same time, that the skins are filled up with 
13m uame water which had been pressed out 10 times successively, and that the whole 
CjpMtlmi tihat but one day and <me night, this leaves but 2} hours for each time. 
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The Bkins are then taken to the river and washed, and are ready for the dyeing. 
The whitest skins are laid aside for the red and yellow leather. 

To soften the skins after dyeing, they are harassed by a knife, the point of which il 
curved upwards. — H. M. 

UATHBXy cnumira or. The currier’s shop has no resemblance to the 
premises of the tanner, the tools and manipulations being quite different. 

Within the last twenty or thirty years, many tanners have added the currying 
business to their establishments, and many curriers have likewise commenced tanning ; 
but in each case, an extension of premises is necessary, and the two departments are 
still separate. The advantages derivable from this arrangement are two-fold : — ^first, 
a saving of time is effected, for as the tanned leather is sold by weight, it is required 
to be well dried before being disposed of to the currier, an operation which is not 
needed where the tanner carries on the currying also ; and secondly, by the currier’s 
art, the skins can be reduced to a comparatively uniform thickness previous to their 
being tanned, thus saving Him and hark (used for tanning), and insuring a more 
equal distribution of tannin through the substance of the skin. In the following 
description, the business of currying will be considered as practised at the present 
time. 

The currier’s shop or premises, to be convenient, should be spacious. A frequent, 
though not universal method, is to have the ground-floor appropriated to such ope- 
rations as require the use of a large quantity of water. The place or apartment thus 
used, is called the soouring-house^ and is commonly furnished with a number of vat» 
or casks open at one end, in which the leather is placed for the purpose of soaking, 
and undergoing such treatment as will be hereafter described. In this apartment also 
is placed a large, flat, slate stone, called a scouring stone, or, more consistently, the 
stone on which the leather is scoured. This stone, which has its face perfectly flat 
and smooth, and which should measure 8 or 9 feet in length, by 4^ broad, forms 
a table, supported generally by masonry, but sometimes by a strong frame of wood, 
BO constructed that the water, which is freely used in scouring, may drain off on 
the opposite side from that on which the workman is engaged; an inclination of 
about 3 or 4 inches on the width of the table, is sufficient for this purpose. Another 
piece of furniture very frequently found in, or on the same floor with the scouring- 
liouso, is a block of sandstone, in the form of a parallelopipedon, between 2 and 3 
feet long, and 9 or 10 inches broad, the upper face of which is kept as near as 
possible a perfect plane ; this stone is fixed at a convenient height on a strong 
trussel, and is called the rub-stone, because hero the workman rubs or sharpens his 
knives and other tools. In some large establishments where the premises and water 
are heated by steam, the scouring-houso will be found with a service of pipe leading 
to the various vats, and the boiler for generating the steam may be conveniently 
placed in or near this part of the building. 

The floor above the scouring-house, in the arrangement here laid down, is what is 
specially designated th^ shop. The furniture in this department consists of a beam 
(Jig. 1364), on which the leather is shaved. It 
consists of a hojivy block of wood, on which the 
workman stands, and into one end of which a 
stiff piece of wood is firmly mortised, at an angle 
of about 85® ; this upright (so called) is about a 
foot wide, the height being greater or less, accord- 
ing to the height of the workman, each of whom 
has his beam adjusted to meet his convenience. 

On the front of the upright a piece of deal is 
firmly screwed, to which is glued a face or plate 
of lignum vita, worked to perfect smoothness to 
agree with the edge of the knife used in the 
operation of shaving. It is of the greatest im- 
portance to the workman, to keep his skin from 
injury, that this knife and beam should be kept 
in good order. A table or tables, generally of 
mahogany, large planks of which are used for the purpose to avoid joints, may be 
said to form a necessary part of the furniture of this department. These tables are 
firmly fixed, to resist the pressure of the workman when using various tools ; and 
as light is of the greatest consequence in the operations performed on them, they 
are usually placed so as to have windows in front of them. A ^high. trusts is 
frequently used, across which the leather is thrown, after undei^^oing any of Uie 
processes, while the currier subjects othrir pieces to the same operotion. 

Another part of the premises is termed the dryingdoft. In good buildings the 
diying-loft is flumun4od with constructed to be closed as 


1364 




94 


LEATHER, CURRYING OP 

muy be required. The use of this part being the drying of the leather, the ceiling is 
furnished with a number of rails or long pieces of wood, with hooks or nails on 
which to hang the leather for drying ; and where steam is used for this purpose, the 
floor is traversed with pipes for heating the loft. Here also is a table, similar to that 
previously described ; it should not be less than 7 or 8 feet long by 4^ broad, if 
possible, without joint, and with a smooth face. 

There are other sul^rdinate departments, each furnished with a table similar to 
those described. 

Of the tools used in currying, the knife stands first in importance {fp. 1865). Here 
a and b are two handles, a is held in the left hand, and forms a poweriul lever when 
the edge e is applied to the leather. The blade of the currier’s knife is peculiarly 
temped ; it is composed of a plate of flue steel, strongW riveted between two plates 
of Mon. Hiis instrument is taken to the rub-stone^ and ground to a perfectly sharp 
edge by successively rubbing forward and backward ; care being taken to keep the 
edge truOt that is, straight. When this has been satisfactorily accomplished, it is 
still further rubbed on a fine Scotch or Welsh stone, called a clearmg’Stcme, until the 
scratches of the ruh-stone disappear. 

In this operation a fine thre^ or wire forms on the edges, for the knife has two 
edges, c, r, which must be carefulW got rid of ; after which it is wiped dry, and the 
edges greased with tallow or oil. The workman then takes a strong steel, and placing 
himseH on his knees, he fixes the knife with the straight handle b against any firm 
body, and the cross handle a between his knees ; then holding the steel in both hands, 
he carefully rubs it forward and backward the whole length of the edge. During this 
operation the knife is gradually raised by means of the handle a, until it is nearly 
perpendicular ; by this means the edge is turned completely over. If the knife is 
not well tempered, the edge thus obtained will be irregula* or broken ; in either of 
which cases, it is of no use whatever. 
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To keep the instrument just described in proper order requires great skill on 
the part of the comer. The edge is so delicate and liable to injury that it can- 
not be need more than a minute or two without losing its keenness. To restore 
this a very carefhlly prepared small steel is used, fg. 1366 ; the point of the steel 
is first run along the groove which is formed by turning the edge over, and the' steel is 
then made to pass outside the ed^ 1367)* It is remarkable that a skilful hand 
can thus restore the eiflIeiencT of the knife, and keep it in work for hours without 
going ibr a new edge to the rWhiUme, The other tools will be described as their uses 
am ttentioiied. 

The tat thing done br the currier b the soaking of the leather received from the 
- , ♦hiwAnsrh wettina. but not to satnzation. In 
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some eases the thicker parts are partially soaked before the immersion of the whcde, 
and when, from the nature of the skin, this cannot be done, 'water is applied to the 
stout parts after the dipping ; it is requisite that the whole should be as nearly as 
possible equally w'et. In some instances the wetted leather is beaten, and sometimes 
a coarse graining-board (hereafter to be described) is used, to make it more supple 
previous to shaving it. The skin is then laid over the beam (fig. 1868), and the 
rough fleshy portion is shaved oft’. This operation is generally called skiving. In 
all the operations at the beam the leather is kept in its place by pressure of the knees 
or body of the workman from behind. In skiving tho right-h^d handle of the knife 
somewhat precedes the left, but in shaving, properly so called, the left-hand precedes 
the right, fig. 1369. In skiving the knife is driven obliquely a few inches at a time ; 
in shaving it is driven with great force, not unfrequently from the top to the bottom 
of the beam ; great skill is requisite in the performance of these operations, to guide 
the knife and to keep its edge. The carpenter’s plane can be most completely regu- 
lated by the projection of the plane iron from the wood, but the currier’s knife admits 
of no such arrangement, and the unskilful currier is constantly liable to injure the 
leather by cutting through it, as well as by failing to produce a regular substance. 
The kind of skin, and tho use for which it is designed, will regulate the work at the 
beam. In some cases, as in the calf-skin, it is skived and then shaved, or, as it is 
called fiattened at right angles to the skiving — in other kinds, as the cow-hide pre- 
jiared for the upper leather of heavy shoes, after skiving it is shaved across (i. e. 
nearly at right angles to the skiving), and flattened by being again shaved in the 
same direction as the skiving. In some manufactories there are certain kinds of 
leather which are subjected to the operation called by curriers stoning before flatten- 
ing : this is done by forcibly driving the stock-stone [fig. 1370) over the grain side of 
the leather, thereby stretching it, and rendering the grain smooth. The flattening 
process is considerably facilitated by this stoning ; and if the skin has been allowed 
slightly to harden by exposure to air, and the »dge of tho knife is fine, as it should 
be, the workman has but to strike the flat part of the knife over the leather after the 
shaving is performed, to produce a beautiful face to the flesh side of the skin. It 
will not be difficult to understand that a good hand is easily distinguished from an 
inferior one in this part of the business. With such nicety will a skilful workman 
sot the edge of his knife, that although there seems nothing to guide him, he can 
take shaving after shaving from the hide extending from the top to the bottom of the 
beam, thus rendering tho leather extremely even in its substance. 
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After the process of shaving is completed, the leather is placed in water, where 
it remains until it is convenient to carry on the operation next required. It is to 
be observed that in the condition in which leather is shaved, it cannot long be 
kept without becoming heated; when, however, it is put into water, it is safe 
from injury, and may be kept a very long time, provided the water be occasionally 
changed for a fresh, sweet supply ; stale water is regarded as injurious for the skin 
to remain in. 

Scouring is next proceeded with ; the skin is taken out of the water, and laid on 
the scouring-stone. In respectable manufactories, it is usual first to scour on the 
flesh ; this is done by passing a slicker smartly over tho flesh side, by which the grain 
of the leather is brought into close contact with the scouring-stone, and, being in a 
wet condition, the air is easily excluded, so that the leather sticks to the stone. A 
plentiful supply of water is now applied, and a large brush, with stiff hairs, is rubbed 
oyer the flesh, or upper side. Portions of the surface, in a pulpy condition, come off 
with the scrubbing, and the skin presents a soft, whitened and pulpy appearance ; the 
pores are rendered capable of containing more moisture, and, altoge^er, the leather is 
much benefitedi The slicker is a plate of iron or steel, or for particular purpoeee, of 
brass or copper; it is about five inches long, and like the stock-stone, is fixed in a 
stock, or handle (fig. 1371). It is sharpened at the rub-stene, by grinding the plate 
perpendicularly, and then on either side, thus producing two edges (or, rather, WeW 
angles). The edges thus produced are not of an older to cut leather, but rataer 
to scrape it. The dicker is not intended to remove inegularities in the leather; but 
its uses are various, and it may be cemsidered a very important toot, as will hireaftsar 
appear. 

In the process al tannmg^ the grain side of the hide or skin heoamss eoraefi 
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a wltitisli bo(^, derived from the bark called bloom ; this is more or less difficult to 
vemore aooordiiig to the hardness or softness of the water used in tanning, and the 
peculiar treatmeijt of the tanner. It is, however, tlie currier’s business to remove it, 
which he eifrets thus : — ^In the case of leather whose grain is tender^ as cordovan, 
which is maaufSEMto^ from horse-hides, the grain being kept uppermost, the leather 
is spread on the soouring-stone, and being plentifully suppli^ with water, is stretched 
by using the slicker, or a fine pebble, ground to the shape of tlie stock-stone, the Uoom 
is thus loosened, and at the same time, by making it adhere to the scouring-stone, the 
next operation is readily carried on, whidi consists in smartly brushing the grain with 
a stiff4iaiied brush, and at the same time keeping a quantity of water on the surface, 
the alidter is a^in used to remove the water and loosened bloom, and the scouring is 
complete. In ue scouring of calf-skins, and cow* or ox-hides, the stock-stone is used 
to fix the leather, and a piece of pumice-stone, the face of which has been ground to 
smoothness, and afterwards cut in grooves, is then forcibly rubbed over the grain, in 
order to remove the bloom. In this, as in other operations on the scouring-stone, 
water is a necessaiy ingredient. The bloom being sufficiently loosened by the pumice- 
stone, the bru$h is used to scrub up the remaining dirt, whi^ is then removed by the 
stock-stone or slicker. In harness leather, which is stout, and requires to be stretched 
as much as possible, the pumice-stone is seldom used, the stock-stone and scouring- 
brush bmng lustily applied until the bloom is sufficiently removed. Ordinary manu- 
facturers within ^e present (nineteenth) century have considered the operations of 
the ecouring^houee complete at this point The modem currier takes a different view*, 
and not unfrequently detains his scoured property for days, and sometimes for weeks, 
in the scouring -hoase. 

If the leather is imperfectly tanned, or it is required to be made of a bright colour, 
there are other processes to be passed through. In tliese cases sumach (an ever- 
green shrub of the natural order Anacardiacea, genus Bhus, and from the bark of 
which all the leather made in Turkey is said to be tanned) is infused in boiling 
water, and when cooled to a tepid state the leather is placea in it. After staying 
a sufficient time it is taken to the scouring-stone ; if cordovan, it is slicked as dry os 
can be well accomplished on the flesh side ; other leather is for the most part slicked 
in a similar way on the grain side. Saddle leather, which is required to be of a 
bright colour, is still further placed in warm water sli^tly acidula^ with sulphuric 
or oxalic acid, or both ; here for a time it is kept in motion, then taken to the 
scouring-stone, it is washed with peculiar chemical lotions, according to the biste or 
knowledge of the workman ; then again it is dipped in tepid suma^ infusion, then 
slicked with a copper or brass slicker (iron is liable to stain leather thus prepired), 
and a thin coat of oil being applied to either side, it is removed to the drying-hft. 
Until within a very few years much time and trouble were taken to produce wrg 
bright leather for the sadcUer ; but of late brown-coloured leather has been adopted 
to a considerable extent, as it is less liable to become soiled. Ketirly all leather is 
placed a short time in the loft before further manipulations are carried on, in order to 


harden it slightly by di^ng. 

In the drying-loft, or its immediate vicinity, the leather receives the dubbing (daub^ 
ing, probably) or stifling. The substance so called is composed of tallow, brought to 
a sm plastic condition by being melted and mixed with coddiver oU ; occasionally sod 
(an oil made in prepanng sheep-skins) is, in very small quantities, added to the mix- 
ture. This is laid upon the leather either with a soft-haired brush or a mop made 
generally of raps. 

The leather is pepaxed for stuffing by wetting slightly such parts as have become 
too dry. It is tnen taken to the table previously described, which, being slightly 
(filed, the process is carried on by placing toe skin on the table in the manner most 
convenient for stretching it and making the surface smooth. In those kinds that 
have a rough wrinkled grain the fiesh side is placed next the table, and the stock- 
stone is usd very smartly to stretch and smooth the grain. A kind of clamp or hold- 
fast, composed <ff two cheeks fastened with a screw, is sometimes used to prevent the 
leather ftom moving daring this operation, but in general these are not required ; 
the dicker is then applied to remove the marks left by the stock-stone, and a thin 
stuffing sjnead over the grain it is turned over, slicked on the flesh lightly, a 


stuffing bmu spread over toe grain it is turned over, sbcked on toe flesh lightly, a 
coat of sts^^M is spread over it, and it is hung up to dry. In those kinds which 
have to be bUcked (or stained) on the grain, a little cod-oil only is spread on the 
min, and the slicker is ap|fiisd op the fidh side most laboriously previous to stuffing, 
Wmdk doll is rsqnixed to mt the pquisite quantity of stuff (dubbing) to the leather 
iri^hont mass, excess hwig kgurious, and the quantity required is nixther regulated 
Ihe freshness or otoemue A toe leather, the tan-yard from which it comes, and 
& tos ata s n t it has rsoeived in the soourii^-house. 

IPftenfrjt the tkiu or hides are folded together, to remain until required. It is 
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certain the leather improves by remaining some weeks in this condition* It should 
be observed that, in drying, the leather absorbs a large quantity of the oleaginous 
matter with which it is charged, and the unabsorbed portion forms a thick coating of 
hardened greasy matter on the flesh side. 

Leather which has to be blackened on the flesh {toax-leaiher\ from this point, re- 
ceives different treatment from ^ram-leather. fToa-leather is taken to the shop-table 
and softened with a graining-hoard. The skin is laid on the table and doubled, grain 
tx) grain, the graining-hoard {fig, 1373), which is conflned to the hand by a leather 
strap {a a), is driven forward and drawn back alternately until a grain is raised on the 
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leather, and it has attained the required suppleness. Observe* the graining-board is 
slightly rounded on the lower surface, and traversed by parallel grooves from side to 
side, which are coarser or finer, as occasion requires. The grease is next removed 
from the flesh by the slicker, and afterwards a sharp slicker is passed over the grain 
to remove grease or other accumulations from it. The next process is called 
whitening. The leather is laid over the beam, and a knife with an extremely fine 
ed-e is used to take a thin shaving from the flesh side ; this is a point at which a 
cu ’Tier’s skill is tested. The knife used is one that has been very much worn, the 
quality of which has been tested to the utmost ; and so extremely true is the edge 
expected, that not the slightest mark {scratch) is allowed to appear on the surface of 
the leather. Only a good workman can satisfactorily accomplish this. The slightest 
gravel in the flesh of the skin may break the edge of the knife in pieces, and it is not 
easy to rectify so serious a misfortune ; besides, a poor workman may turn up the edge 
by stcelingf an operation which ought to mend the mischief instead of provoking it, 

A fine graining-hoard is next used to soften the leather ; the stiffer parts being 
hoarded both on the grain and flesh sides, and the operation being carried on in two 
or three directions, to insure both softness and regularity of grain. Boarding is per- 
formed by doubling the leather and driving the double part forward and drawing it 
backward by the graining-board. 

The leather is now prepared for the waxer, and passes, consequently, into his 
liauds. Waxing, in large establishments, is a branch considered separate from the 
general business, and is usually in tlio hands of a person who confines himself to this 
occupation alone. The skin is laid on the table, and the colour rubbed into the flesh side 
with a brush. It is necessary to give the brush a kind of circular motion to insure 
the required blackness in the leather. The colour is made by stirring a quantity of 
the best lampblack into cod-liver-oil ; sometimes a little dubbing is added, and in o^er 
to make it work smoothly so as not to clog the brush, some stale tan-water from the 
vats in the scouring-house is beaten up with the mixture until it combines therewith. 
The preparation of the colour is an important affiir, and requires a considerable 
amount of time and labour to render it such as the waxer desires. 

A slick-stone, or glass, is next used ; this tool is about the size and shape of the 
slicker, but instead of being ground like it, the edges are very carefully removed, so 
that while, from end to end, it preserves nearly a right line, it is circular across the 
edge. The stone (a fine pebble) is little used now, plate-glass being substituted for it. 
Tlio use of the tool just described is to smooth the flesh after the operation by the 
colouring brush, thereby getting rid of any marks made on the surface. 

The next step in waxing is what is called sizing. Size is prepared by boiling glue 
in water ; the melted glue is diluted with water to the extent required, and^ in some 
cases it is softened by mixing cod-liver oil with it in cooling. When cold, it is beaten 
up with various ingredients, according to the taste or experience of the waxer ; the 
waxer then well rubs the size into the coloured side of the leather, and with a epoi^e, 
or, n)ore generally, the fleshy part of his hand, smooths it off. T^en dy, the dick* 
stone, or glass, is again applied, thus producing a polish on the size ; and a very thin 
coat of oil completes the work. In different manufactories different methods are pur- 
sued, but the above is convenient and satisfactory in almost all cizcumstaikoee. It if 
now ready for the shoemaker. 

Leather intended to be blacked on the grain is left folded up when dry after ftuff- 
irig. Some years ago it was the custom to stain these kinds of leather while wet in the 
scouring-house, by spreading stale urine over it, and then applyinga fofetion-of 
Voi. III. H 
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(iulphate of iron). That method is now exploded. The dry skins or pieces of leather 
are laid on the shop-board : a brush is used to saturate the ^rain with unne, or, as is 
now more common, a solutton of soda in waier^ and a peculiar preparation of iron in 
solution is afterwards laid over it, which blackens the surface. It may be observed 
that in wax-leather a body of black is laid on, and rubbed into the flesh ; in grain - 
leather the black is a stain. After the blackening, it is necessai*y to rub a small 
quantity of oil or dubbing over the blackened surface, then turning the oiled grain 
toward the table, a sharp slicker is used on the flesh side ; the leather sticks to the 
table by means of the oil, and the slicker is driven so smartly over it, that it is stretched 
on the table at the same time that the grease is removed. It is quite an important 
point to take all the stretch out of the leather in this operation, after which it is turned 
over ; the table is covered with a very thin coat of hard tallow, a roll of tallow being 
rubbed over the table, for the purpose of keeping the leather fastened to it. A dull 
slicker is used on the grain to remove remaining marks and wrinkles, or to smooth 
any coarse appearance on the grain ; a sharp slicker removes all the grease, and a 
thin coat of weak size, made of glue dissolved in water, is spread over it, and the pro- 
cess, usually called seasoning, is completed. The next object is carefully to dry the 
seasoned leather, and in this state it may bo stored without injury. 

The next step is very similar to that described in the case of wax-leather^ and called 
whitening : — it is then softened by means of a fine graining-board, or a board of the 
same shape and size covered w’ith cork, tho grain side is placed next the table, and 
the flesh doubled against the flesh, and thus driven forward and backw'urd until tho 
required degree of suppleness is ol)tained. The loose particles of flesh are brushed off, 
and a slicker carefully passed over the grain removes all marks of the last operation. 
If a sufliciency of has not been applied in the ^ing-Iofl, the deficiency is remedied 
by a coat of taUowdubbing now spread over the grain, and allowed to remain some hours. 
As tho leather absorbs the oil}' matter, a hardened coat of grease has to be removed 
by the aid of the slicker. The leather is then sized, and a very thin coat of oil spread 
over the size, completes the operation. 

In the preparation of various kinds of leather, or of leather for particular purposes, 
the currier has particular appliances. Harness-leather is considerably dryer than 
other kinds before etuflftng, and is subjected to immense labour by tho stock-stone and 
slicker, to procure a smooth griin. It is blackened when dry like other ^rutw-leather, 
but instead of the oiling and other processes described, tho hardest tallow procurable 

is rubbed into it, stoned witli 
1374 a fine pebble, slicked, anti 

tallow again rubbed into it 
by tho hand. Wlien dry after 
this operation, tho greiise is 
slicked from tho flesh side, 
and a repetition of the tallow- 
ing, stoning, and rubbing 
finishes tlio work. 

Saddle - leather, which is 
cut into comiiaratively small 
pieces, after liardening in tlie 
drying-loft, is passed through 
a very different process from 
any described previously. Tho 
skin of the hog is much used 
fur eertaiii parts of hackiity 
saddles, and the bristles, wlien 
removed by the tanner, leave 
indentations, or even holes in 
tho tanned skin. Probably it 
WMS deemed desirable to ())>- 
tain some imitation for the 
parts uf'the saddle where the 
hog-skin was not suitable. 
The skin of the dog-fish 
{Scyliium, Cuv.), to some ex- 
tent supplied tlie imitation, 
having hard tubercles on its 
surface. At first the skin 
was laid on the leather, nnil 
lustily pressed into it by ru!)- 
it with a pebble or plate of glass ; at length a press was invented, and, more 
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recently, varioos methods have been prop<»ed to produce the best effect. We hare 
hero {fig, 1374) a representation of one of these presses, which may stand as a type 
of all others a a are the feet into which the uprights are inserted ; ft 6 are the two 
upright sides tied at the top by a similar cross-piece ties them a little above the 
feet ; <2 is a leaf fastened with hinges, which closes u^n e when the press is not in 
uso ; ee are screws which press on the iron plate, in winch the axes of the roller / are 
inserted; these plates iml^dded in the uprights ft ft have considerable play, so as to 
allow the rollers fh more or less pressure as the case may require. The dotted line 
i i, represents an iron bar or cylinder, supplied with a small cog-wheel at i', and a 
crank handle j ; this is turned round by the hand, and the small cog-wheel acts on a 
larger one, k, which is attached to the axis of the roller/; /is a solid roller of hard 
wood, such as lignum vitae ; upon this cylinder is strongly glued the fish-skin^ pre- 
viously alluded to ; ft is a cylindrical solid piece of wood, covered with stout flannel ; 
I is ii piece of leather on which the leather to bo pressed is placed; when all is adjusted, 
the piece to bo pressed is placed on the handle is moved slowly round, and the 
whole is carried between the rollers ; the leather thus receives the imprint of the/«ft- 
skhi, and at the same time becomes extremely solid. After drying, this is fit for the 
saddler. 

1375 



Of late years the currier has undertaken an office which was previoasljr Um buaiasas 
of the bootmaker ; namely, the blocking of boot fronts. This is pexfonnea by the instru- 
ment represented hy fig, 1376. The leather is first dressed, as nreriously tofiribed, 
up to the point of being ready for whitening^ The fronts are then cut (figt 

b2 
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ftud when fold^^or doubled appear as fig. lS75b. 1' 1', 1 1, is a strong frame- 
woirk ; 2 , if^presents a pair of cheeks, strongly fastened in the frame, and regulated as 
to duiance by a screw ; these cheeks are linea with zinc ; 3 is a strong plate of metal, 
the angle at S corresponding exactly with the angle of the cheeks ; the ends of this 
plate are fixed in moveable plates passing down the columns ; 4 is a handle by 
which the instrument is worked, and which, by cog-wheels acting on the moveal)lo 
plates, brings 8 downwards. The front, a, is laid, after a thorough soaking in water, 
over the cheeks 2, the handle being turned, 3 comes down upon the front, and 

1376 


V 

forces it through the small opening between the cheeks, and when brought out below 
the cheeks, it has the appearance given in 1375 c. Tlie plate 3 having carried 

the front between the cheeks, is 
removed and tlie weiglil 

5 assists in bringing the perpen- 
dicular moveable plates to their 
place, when 3 is again put in 
position ; and thus the opera- 
tion is rapidly carried on. After 
this, tlie fronts are regularly 
placed on a block, being forced 
into position by an instrument 
called the Jloundcr {fig. 1370), 
and tacked to their place ; afttT 
this, they are slightly oiled and 
dried, fciome ingenious methods 
have been adopted for softening 
the fronts, so as not to disturb 
the blocking. Tiny are W'hitened 
on a very slojJng beam {fig. 1377), 
whicli enal)lt;H the w'orkman to 
hold them bet-ter than he could 
on the common beam. They are 
again Hocked by the waxer, and 
when tlicso processes are care- 
fully performed, much troubhi 
is saved to the bootmaker. Of 
course, in a manufactory many 
appliances are found which are not here mentioned ; the general idea, however, may 
be easily gathered from this description. The w’ork is dirty and very laborious, re- 
quiring great skill and experience, and consequently good workmen have gonorully 
commanded better wages than other mechanics. 

Hides intended for covering coaches are shaved as thin as shoe hides, and blacked on 
the grai n,— H. M . 

XWkTSn •VUmVOta This operation is employed sometimes upon certain 
JCrti of leather for glovers, for bookbinders, sheath-makers, and alw'eys to give a 
^miibnu thickness to leather destined for the cotton and wool card-makers. 

^ IS7S, 13701 1830, 1381 represent a well-contriv^ nm^hine for that purpose; of 
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whicli fg. 1878 shovs the front view, Jig. 1379 a view from the left side, 1880* a 
vertical section across the machine, and .^^. 1381 a ground plan, a is a strong table»' 
furnished with four l^s h, which to the right and left hand hears two horizontal pieces tf-' 
Each of these pieces is cut out in front, so as to form in its substance a half-rouM fork, 
that receives a cylinder d, carrying on its end a toothed spur-wheel Motion is com** 
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T!i® knife 18 R 0 and 1881) ie fixed fiat upon the table with screw bolts, tHiob 0 

heads aiectnntenank into table, and secured with taps beneath 0^. 1380), the edge 
of the k^e betag tdaoed horieontally orer the opening, and parallel with it. 

In>fy. 1880 the leather, k, is shown adyancing against the knife, getting split, and 
has a portion cooled round the cylinder, which is made to reyolve in proportion as the 
leather is deft. The upper portion of the leather is rolled upon the cylinder d, while 
the under half, I, falls trough the oblo:^ opening upon the ground. 

In regulating the thickness of the split leather, the two supports, act ; they are 
made ^ust to the table a (one on each side of the knife), and are mortised into the table 
by two tenons secured beneath. These supports are furnished near their tops with 
k^ed slots, by means of which the horizontal iron rod o {figs. 1 378, 1380) is secured, 
and outside of the uprights they press upon the springs p p, which tend to raise the 
rod, o, in its two end slots ; but the adjusting screws which pass down through the 
tops of the supports into the mortise n {fig, 1380), and press upon the upper half of 
the dirided tenon, counteract the springs, and accordingly keep the rod o exactly at 
any desired height or level. The iron rod o carries another iron bar, r, beneath it, 
parallel and also rectangular, 1380. This lower bar, which is rounded at its under 
fiMie, lies upon and presses the leather by the action of two screws, which pass through 
two upright pieces s ( figs, 1378 and 1380) made fast to the table ; thus the iron bar r 
may be made to press forwards the edge of the knife, and it may be adjusted in its 
degree of pressure, according to the desired thickness of the loaf of split leather that 
passes through under it. 

Fig. 1880 shows that the slant or obliqnity of the knife is directed downwards, over 
one of the edges of the oblong opening^; the other edge of this opening is provided 
with an iron plate t {figs. 1378, 1380), which serves to guide the blade in cutting the 
leather to the proper depth. For this purpose the plate is made adjustible by means 
of the four springs u {fig. 1381) let into the tabic, which press it downwards. Four 
screws, t>, pass down through the table, each belonging to its respective spring v, 
and by means of these screws the plate i may be raised in any desir^ degree. K<tch 
of the screws u has besides a small rectangular notch through which a screw bolt x 
passes, by which the spring is made fast to the table. Thus also the plate t may bo 
made to approach to or recede from the knife. 

y, in figs. 1378 and 1380, is a flat board, laid upon the leather a little behind the 
ed^ of the plate t ; this boaird is pressed by the cylinder r, that lies upon it, and whose 
tenons rest in mortises cut out in the two supports a\ The cylinder z is held in its 
position by a wedge or pin, 6 1378 and 1380), which passes through the supports. 

Wken the leather has been split, these pins arc removed, and the cylinder rises then by 
means of two counter-weights, not shown in the figures. 

The operation of the machine is as follows : — The edge or end of the leather being 
secured to the cylinder d, tlie leather itself having the direction ujxin the t;ible shown 
in^. 1380, and the bar r its proper position ov< r the knife, the edge begins to ent<T 
in this position into the leather, while the cylinder d is moved by the handle or winch, 
and the piece gets split betwixt the blade and the roller d. When the other end of tho 
leather, it, advances to the knife, there is, consequently, one half of the leather split ; 
the skin is to be then rolled off the cylinder d \ it is turned ; the already split half, or 
the end of the leather, it, is made fast into the wood of the cylinder, and the other half 
is next split; while the knife now acts from below, in an opposite direction to what 
it did at first. 

That the unrolling of the leather from the cylinder, may not be obstiuicted by 
the pinion t, the stop-wedge c (figs, 1378, 1379) is removed from the teeth. In tlie 
procem of splitting, the groin side of the leather is uppermost, and is therefore cut of 
an uniform thickness, but the under side varies in thickness with the inequality of 
the skin. 

Several othw ingenious contrivances have been introduced for this purpose, illus- 
trated descriptions of which have been given by Hebert, who states that a splitting- 
miehine, long used by the Messrs. Beviugton, of Hermondsey, had been made to split 
8he^>-8kuiB into three equal parts, one of which, that on the grain side, might be used 
as liMther ; the middle portion converted into parchment ; and the slice on the flesh 
side, beinjg unequal in thickness, and therefore unfit for any better use, being used for 
glue-making. In this machine the skin is drawn between two revolving rollers, and 
presen^, as it emerges from their ^asp, to the edge of a long and very sharp knife, 
which is k^ oontinuallj moving a little backwards and forwards with great velocity. 
As a skin of unequal thickness could not be grasped in tho proper manner between two 
perimtlj true and rigid rollers, the upper roller, instead of ^ing solid, is composed 
of a muabcor of cixeiuar discs or rings of metal, about half an in& thick, slipped on 
In oa axis lathsr smallsr than the holes in their centres, but compelled to revolve with 
It ip s am of what may be termed a planetary axis, which is a rod passing loosely 
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through hoIoE in the whole series of discs between their centre and their circum- 
ference, and so connected with the axis by its ends as to be carried round with it. By 
this contrivance the upper roller is enabled to adapt its surface to that of the skin, 
which is eveiywhere pressed with an equal force, due to the weight of the discs of 
which the upper roller is composed. It is stated in the ‘Penny Magazine* ‘that this 
machine will split a sheep-skin of the ordinary size in about two minutes, during whi(^ 
time the knife makes from two to three tliousand vibratory motions to and fro.* 
This machine is said to be the invention of Lieutenant Parr. Another contrivance 
is known as Duxbury’s Patent Skin -Splitting Machine, in which the knife consists of 
a series of plates of steel, so attached to the periphery of a wheel or disc, seventeen 
feet in diameter, as to form a gigantic cutting instrument, resembling a crown or 
trepan saw, the compound blade projecting horizontally from the rim of the wheel 
parallel to its axis. Tho skin to be split passes round the circumference of a hori- 
zontal drum, the axis of which is at right angles with that of the great disc, and lies 
very nearly in tho same plane with its face, and which instead of being perfectly 
cylindrical has its sides so hollowed as to present a concavity perfectly tallying with 
the curvature of the periphery of tho disc. As therefore the dnim revolves it brings 
the skin, which is confined closely to its concave surface by a contrivance somewhat 
resembling the upper roller in the machine above described, in contact with the edge 
of the revolving knife, which cuts by a continuous onward movement, instead of a 
sawing action backwards and forwards. The extreme nicety required to fix tho con- 
cavity of the feeding roller to the edge of the circular knife, and to keqi the knife or 
cutter itself perfectly true in shape, appear to be the chief objections to this ingenious 
contrivance . — 'Penny Cyclopcedia^ Supply * Leather' 

Exports of leather of British produce and manufiicture in 1872 : — 

Total value 

Tanned, unwrought .... 139,019 cwts. £1,220,981 

Wrought, boots and shoos . . . 579,130 dozen pairs 1,695,248 

Other articles unenumeratod . . . 1,937,604 lbs. 876,441 


ImpoTia of Leather in 1872. 

Leather, unwrought : hides not tanned, tawed, Total value 

curried, or in any way dressed . . . 808,930 cwts. £3,063,920 

Hides, wet 627,930 „ 1,915,342 

„ tanned, not otherwise dressed . . 23,574,061 lbs. 1,179,716 

„ tanned, curried, but not enamelled . . 8,135,162 „ 479,680 

,, varnished, japanned, or enamelled . . 479,668 „ 123,098 

Imports of leather manufactured, &c., in 1872 *. — 

Value 

Boots and shoes 46,139 dozen pairs £151,218 

Gloves 1,052,717 „ 1,403,622 

Unenumerated — „ 139,209 


ABATBEK-CXiOTB. Under the name of American Leather-doth, an enamelled 
oil-cloth has been introduced. Much of it possessed great elasticity, and resembled 
the vegetable leather described in the next article. The trade has, however, rapidly 
declined, as will be seen by the following table of imports of this material : — 


1854 






yards 

. 631,304 

value 

£38,210 

1855 






. 565,395 

42,405 

1856 






. 507,326 

38,069 

1858 






. 174,573 

13,094 

1860 






. 161,969 

11,398 

1861 






. 127,051 

9,528 


The recent importations of leather-clotli are not obtainable. 

XiBATBBB, VBGBTABXiB. Under this name a new material, composed of 
india-rubber spread upon linen, has been introduced. Of this the * Mechanics* 
Magazine * "writes : — ‘ Having seen some specimens of these leathers, as well as various 
articles of utility manufactured therewith, we have been induced to pay the extensive 
works of Messrs. Spill and Co., tho eminent Government contractors, on Stepney Green, 
a visit, in order to cull sufficient to place upon record the present position of artificial 
as a substitute for real leather. The face and general character of the Testable 
leather resembles the natural product so closely, that it is only by actual examination 
that the difference can be determined. This is more particululy the case in that des- 
cription which is made for bookbinding, the covering of library tables, and like purposes. 
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Amongst oUier ndvant^es it possesses over leather proper, maj be mentioned, that 
however thin the imitation is, u will not tear without considerable force is exercised ; 
that it resists all damp, and that moisture may be left upon it for any period without 
iiguiy, consequently, it does not sodden or cockle, is always dry, and its polish is 
rather increased than diminished by friction. Add to these facts, that any attempt to 
scratch or raise its snr&ce with the nail, or by contact with any ordinary substance, 
will not abrade It, and enough will have been said to justify its entering the list 
against an article of daily use, which has of late years been deemed far from efficient 
for the demand, and has consequently risen in price to the manifest loss and injury of 
every class of the community. We believe that the largest entire piece of real leather 
that can be cut £x)m a bullock^s hide, is not more than 7 feet by 5 feet, and this 
indndes the stomach and other inferior parts. Vegetable leather, on the contrary, is 
now produced 60 yards in length and l| yard wide, every portion being of equal and 
of any required thickness, and the smallest portion is convertible. We were agreeably 
disappointed, however, to find that instead of ve^table leather being a discovery rc- 
qninng the aid of ourselves and contemporaries, it was, although so young, an active 
agent in the fabrication of numerous articles of daily requirement, and that it had 
a&eady become the subject of large, indeed we may say enormous, contracts. 
Caoutchouc and naphtha are used in its manufacture ; but by a process known to the 
senior of the firm, who is himself an accomplished chemist, all odour is removed from 
the naphtha, and the smell of vegetable leather is rendered thereby less in strength, 
if anything, than that of leather. The principal objects to which it is at prese nt 
applied, aMough it is obvious it will take a wider range of usefulness than leather 
itself, are carriage and horse aprons, antigropola, soldiers* belts, buckets which pack 
flat, harness of every description, bookbinding, &c. Por, the latter, its toughness, 
washable quality and resistance to stains, render it remarkably fitted. Its thickness, 
which may be carried to any extent, is obtained by additional backings of linen, &c., 
cemented with the caoutchouc, and its strength is something marvellous, while in the 
all-important commercial view, it is but one-third the price of leather. Many of tlio 
articles wc were shown possessed the appearance of much elegance and finish ; but it 
was curious to observe, that although most of them could be made without a stitch, 
and within the factory itself, a deference to the feelings of the workmen in the several 
trades has been shown by the firm, and the material is given out as ordinary leatlier, 
to undergo the process of the needle, which it submits to with a greater facility than 
its original prototype.* 

XiBA W. Under Bread, the employment of yeast is fully explained. A few 
particulars relative to the Prench leaven may not, however, bo out of place. 

In Paris, where bread-making has been brought to a high degree of perfection, the 
fermentation is produced chiefly by the gluten of the dough, yeast being used merely 
to facilitate the action. A lump of dough remaining from the last batch of bread, 
and consisting of 8 lbs. flour and 4 lbs. of water, is left to itself for ten liours : in this 
state it is called /fwA leaven {levavn de chef). By kneading this with another quantity 
of 8 lbs. flour and 4 lbs. water, the once revived leaven (levain de pre7niere)\B obtaiiu'd. 
After another interval of eight hours, 16 lbs. of flour and 8 lbs. water are added, 
forming the twice revived leaven (levain dc seconde); and after three hours more 
100 lbs. flour and 52 lbs. water, containing ^ to J lb. beer-yeast are added, forming 
the finished leaven (levain de tout point). The 200 lbs. leaven thus obtained are 
mixed after two hours with 1 32 lbs, flour and 68 lbs. water containing ^ lb. of yeast 
in suspension, and 2 lbs. common salt dissolved. This quantity of dough serves f('r 
fire or six baking. Por the first baking half the dough (200 lbs.) is made into 
loaves of the required size and form, which are exposed for a while in shallow baskets 
to a temperature of 25° C. (77° F.), and then transferred to the oven. The bread thus 
obtained has a sourish taste and ^rk colour. The remaining half of the dough is 
again mixed with 182 lbs. of flour, 70 lbs. water, ^ lb. yeast, and the requisite quantity 
cf salt, thelialf of tliis quantity of flough is then formed into loaves, left to ferment, 
and belted. The same operation is repeated three times, one-half of the dough being 
each time mixed with 130 lbs. flour and 1 J lb. yeast, and the proper quantity of water 
.and salt. tThe last stage yields the finest and whitest bread. See Watts’s * Dictionary 
of Chemistzy.* 

UKULVOWO AOZHa An acid obtained from a South American variety of the 
lEtoeeeUa tvneUma. 

UKnrmilACnUB. The Brazil-nut order, remarkable for the edible seeds of 
many of its members. The Lecythis oUatva is found in the forests of Brazil and 
Onmina. Tke fmit is about the size of a child’s bead ; and it contains numerous 
edible peedi. ‘The natives, who eat the seeds, and use the case for various purposes, 
eali the ftnit * Uie monkey pots.* The L. Zapwajo is a native of Guiana : its fruit is 
tbe pile of the above ; it contains numerous seeds, larger than almonds, and of 
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an agreeable taste. These are the * sapuca^a ’ nuts of the fruiterers' shops. The 
Brasdl-nuts are the produce of the juvia tree {BcrthoUetia exccUa), See Brazil 
Nuts. 

KSBimC PAXiVSTM. This plant is employed in Hussia to tan the skins of 
goats, calves, and sheep, into a reddish leather of an agreeable smell ; as also in 
the preparation of the oil of birch, for making what is commonly called Eussia 
lo/ither. 

:lbxui* An arched building, forming an annealing furnace, in which glass is 
tempered or annealed. 

BBOiniKnrB. A name applied to vegetable casein, in allusion to its occurrence 
in the seeds of many of the LeguminoatSt or Pea and Bean family. 

BBXmrXAJT BAJITK. A yellowish-grey earth, obtained from Lemnos by the 
Greeks. It is very similar to fuller’s earth. 

XiBMOM'S. The fruit of the Citrus liuwrmm. Both the juice and the peel of the 
fruit are employed medicinally, and in the preparation of lemonade, See Citric 
Acid, and Oils, Essential. 

ZiBMOir OBAas. The Andropogon citratum (De Can.). This, and certain allied 
species, yield fragrant essential oils imported from India under the name of lemon 
grass and citronello oils. 

XiBirS. {LentUlCf Er. ; Lins(yngla.% Ger.) Lenses are transparent bodies, usually 
made of glass, which by their curvature either concentrate or disperse the rays of 
light. Lenses are of the following kinds : — Double convex : having the same or a 
different degree of convexity on either side. Plano-convex^ having one plane and one 
convex surface. Concavo-convex^ having one concave and one convex side, commonly 
called meniscus lenses. Plano-concave^ having one plane surface and one concave one ; 
and the double concave lens. 

The first three, which are thicker in the middle than at the edge, are converging 
lenses^ because they occasion the rays of light to converge in passing through 
them. The others, which are thicker at the edges than in the middle, and there- 
fore cause the pencils of light refracted through them to diverge, are called diverging 
lenses. 

For the most complete examination of the laws regulating the construction of 
lenses, and the action of these on the rays of light, we must refer the reader to Sir 
John Ilorschel’s admirable treatise on Light in the Encyclopedia Metropolitana. In 
this work we have only to deal with the mode of manufacturing the ordinary varieties. 
The spherical surfaces are produced by grinding them in counterpart tools, or discs 
of metal, prepared to the same curvature as the lenses. Eor the formation of the 
grinding tools, a concave and a convex template are first made to the radius of the 
curvature of the required lens. The templates of large radius are sometimes cut 
out of crown glass. More usually the templates are made out of sheet brass, the 
templates of long radii are cut with a strong radius bar and cutter, and those of 
only a few inches radius are cut in the turning-lathe. The brass concave and 
convex gauges are cut at separate operations, as it is necessary to adjust the 
radius to compensate for the thickness of the cutter, and the brass templates 
are not usually corrected by grinding, as practically it is found more convenient 
to fit the tools themselves together. The templates, having been made of the re- 
quired radius, are used for the preparation of the grinding and polishing tools, 
which for concave lenses consist of a concave rough grinding-tool of- cast iron, called 
a shell. 

A pair of brass tools is, however, the most important part of the apparatus. One 
of these is concave and the other convex, made exactly to the curvature of the tem- 
plates, and to fit each other as accurately as possible. 

The concave tool is used as the grinder for correcting the 
curvature of the lenses after they have been roughly 
figured in the concave shell, and the convex tool is em- 
ployed for producing and maintaining the true form of 
the concave grinding-tool itself, and also that of the 
polislier. These polishers are adjusted with great accu- 
racy. The concave tool is placed upon the convex, and 
they are first rubbed together dry, so that by the 
brightened parts the inequalities may be distinguished ; 
they are then ground true, first by means of emery and 
water, and then with dry emery. 

The annexed figure (1382) represents those tools, 
which are fitted with Screws at the back, so that they can be fixed upon pillars id 
connection with the machinery for giving motion to them. 

By grinding with sundry niceties of motion, which are required to produce thi best 
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such as the production of motion which shall resemble as nearly as possible the 
kind of stroke which would be given by the hand, these tools are eventually brought 
to true spherical figures whicli fit each other exactly. 

The glasses for lenses, being selected of suitable quality, are brought to a cir- 
cular form by means of flat pliers called shanks. The pressure of the pliers 
applied near the edges of the glass causes it to crumble away in small frag- 
ments, and this process, which is called sha.nking or nibbling, is continued until the 
glasses are made circular, and of a little larger diameter than the finished size of 
the lenses. 

A cement is made by mixing wood-ashes with melted pitch. Some nicety is re- 
quired in the adjustment of the proportion, since the cement must not bo too adhesive, 
nor must it be too hard or too brittle ; generally about 4 lbs. of wood-ashes to 14 lbs. 
of pitch are employed. This when melted is poured on one side of the glasses to bo 
ground, in small quantities at a time, until a sufficient quantity adheres to the back 
of the lens to form a handle. The glass is rough ground by rubbing it within the 
spherical shell. The glass is rubbed with large circular strokes, and the shell is 
usually placed witllin a shallow tray to catch the loose emery or pob’shing powder 
which may be employed. When one side is rough ground in this wiy, the glass is 
warmed to detach it from the handle, which is transferred to the other side and the 
operation repeated. When both sides are thus rudely formed, the lenses are cemented 
upon a runner. The best object-glasses for telescopes are 
ground and polished singly, while as many as four dozen of 
common spectacle glasses are ground and polished together. 
When many are thus fixed on one runner, the number must 
be such as will admit of their being arranged symmetrically 
around a central lens, as 7, 13, or 21 ; or sometimes 4, form 
the nucleus, and then the numbers run 14, 30. Lenses of ordinary quality are usually 
ground true and polished 7 at a time. This runner with its lenses attached is shown 
in ^.1388. 

The cement at the back of the lenses is first flattened with a heated iron. The cast- 
iron runner is heated just sufficiently to melt the cement, and carefully placed upon 
the cemented backs of the lenses. As soon as the cement is sufficiently softened to 
adhere firmly to the runner, it is coated with a wet sponge, as the cement must only 
be so far fused as to fill up the spaces nearly, but not quite, level with the surface of 
the lenses. The block of lenses is now' mounted upon a post, and ground with the 
concave brass tool, fig, 1382, motion being given to it either by the hand or by ma- 
chinery similar to the sweeping motion already named. As the grinding proceeds, 
the fineness of the emery-powder employed is increased, until in the last operation it 
is sufficiently fine to produce a finely-polished surface. This grinding being com- 
pleted successfully, the lenses have to be polished. The polisher is made by warming 
a cast-iron shell, and coating it uniformly about one quarter of an inch thick with 
melted cement. A piece of thick woollen cloth is cut to the size of the polisher and 
secured to it, and pressed into form by working the brass tool wdthin it. When 
this is properly adjusted it is covered with very finely-divided putty-powder, sprinkled 
with a little water, and the powder worked into the pores of the cloth wdth the brass 
convex tool, Eepeated supplies of putty-powder are put on the polisher until it is 
made quite level, and it is worked smooth with the tool. Many hours are expended 
in the proper preparation of a polisher. When completed it is fixed upon the block 
of lenses still fixed to the post, and worked with wide and narrow elliptical strokes. 
Where a very large number of glasses are ground or polished at the same time, this 
peculiar motion is imitated by the excentric movement of a lever attached to the 
revolving shaft. In the processes of grinding and polishing, other materials beside 
emery and putty-powder are sometimes employed, such as raddle^ an earthy oxide of 
iron, the finer kinds of which are much employed in the large lens manufactory at 
Sheffield. 

The beet account of these prex^osses and of the instruments used is by the late 
Andrew Bose, in the fifty-third volume of the Trafisactions of the Society of Arts. In 
HoUzcnjpffd* Mechanical Manipulation there is also some practical information. See 

PBotoqbapht. 

The seeds of Ermm lens, a leguminous plant, from which the flour 
called Ervalmta, or Bevalenta, is prepared. 

umiizn. G>*H’N (o*B»ir). A volatile base, homologous with chinolino, 
found in coal-naphtha and in the fluid produced by distilling cinchonine with 

potash. 

UBmOOBIIonniL a scaly or fibrous variety of Gothito, or hydrous peroxide 
of i ron. S ee Ibok. 

WtMfnOVam, or LUkia Mica* A beautiful purple mineral, which occurs in 
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fine masses on Mount BCradisko, near Hosna, in MoraTia. It is remarkable for the 
large quantity of lithia which it contains, and also for its containing the newly- 
discover^ metal rubidium. See Spectrum Analysis. 

&BPXBO]NCa&An. An iron-potash mica, of black colour. 

KBTTSOMZTS. A beautiful blue Telrety mineral, from the Banat, first de- 
scribed by Dr. J. Percy. It is a hydrous sulphate of copper, of rare occurrence. 

BBTTirCB. The Lactuca sativa, cultiyated as a salad. 'Lettuce opium* is 
prepared from this species, and from L. virosa, a more highly narcotic species. 

BairCAra«XirB. If a solution of rosaniline is left in contact with metallic 
zinc, or treated with sulphide of ammonium, it is rapidly decomposed. The rosani- 
line disappears, and is transformed into a remarkable base, which has received the 
name of leucaniline, and which may be obtained in completely colourless needles 
scarcely soluble in water, very soluble in alcohol. Its formula is : — 

The salts of leucaniline are also colourless, easily crystalli sable, and very soluble 
in water, from which they may be precipitated by the addition of an excess of 
acid. 

There exists an extremely remarkable relation between the composition of leu- 
caniline and that of rosaniline : — 

Bosanlline 

Leucaniline 

Leucaniline differs therefore from rosaniline simply by containing two atoms more 
of hydrogen. 

The two bases bear to each other the relation which exists between blue and white 
indigo : — 

Blue indigo (C8H>»irO). 

White indigo .... (C^K^^jgr^O). 

Leucaniline, as might have been expected from this interesting relation, may bo 
reconverted into the red colouring matter by oxidising agents. On gently heating 
the colourless solution of hydrochlorate of leucaniline with peroxide of barium, per- 
chlorides of iron or platinum or chromate of potassium, the liquid at once re-assumes 
the splendid colour of the rosaniline salts. (Hofniann.) 

USirCZTB. A mineral found in volcanic rocks, containing usually 56'10 of 
silica, 23*10 of alumina, and 21*15 of potash. The finest and most beautiful crystals 
are found in the older lavas of Vesuvius and Rocca Monfina, and in the neighbour- 
hood of Rome. It is sometimes called the garnet, from the similarity of its 

crystallisation to that of the common garnet. Kirwan calls it the white garnet of 
Vesuvius, It was always supposed that leucite crystallised in the cubic system 
until Vom Rath showed, in 1872, that the crystals belonged to the tetragonal 
system. 

BBUCOXinriS. A synonym of Leukol. 

XiBircOP'ntZTB. An arsenide of iron, resembling Lolingite. 

JtEJnLOJa* See Chinolii^i. 

&SVBXi (rt mining term\ An adit gallery or horizontal working in a mine. 

XiSVXOATZOXBr is the mechanical process whereby hard substances are reduced 
to a very fine powder. 

&BWX1O8B. A kind of sugar which turns the plane of polarisation of a ray of 
light towards the left hand. 

&BW1IB is the name of one kind of shears used in cropping woollen cloth. 

&ZA8. Under this term are comprehended the strata which intervene between the 
Trias, or New Red Series, and the Inferior Oolite. In the aggregate they are of 
considerable thickness, and occupy a large area in this country, stretching in a 
north-easterly direction from the sea west of Lyme Regis, in Dorsetshire, to Red- 
car, on the coast of Yorkshire, The strata which compose the Liassic series 
consist, in the lower part, of compact argillaceous limestone, alternating ■with or 
forming layers in clay, to a provincial pronunciation of which word the name 
lias probably owes its origin. This limestone forlns the base of a thick deposit of 
blue clays and marls, which are overlaid by a series of sands and sandstone, called 
Marlstone ; these in tl.oir turn are separated from another mass of sands, which 
form the uppermost member of the group, by a stratum of day, known as the 
Upper Lias Clay. 
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By the term lias, however, is ordinarily only understood the calcareous and argil- 
laoeons division, which constitutes the lower section of the entire formation. 

In an economical point of \\&w, it is of considerable value from its furnishing a 
useful and durable stone, both for building and paving ; for the latter purpose it is 
particularly suited, not only from the large dimensions of the flags it affords, but on 
account of its occurrence in thin layers, which, in many cases, when required for 
rough purposes only, are used in the state in which they are taken from the quarry, 
without undergoing subsequent dressing. The lime furnished by the blue lias limestone 
is also well known, and in great request, some of the beds possessing the valuable pro- 
perty of forming hydraulic mortars and cements, for manufacturing which it is col- 
lect^ from the shore and the sea-cliffs at Charmouth, and largely quarried at Lyme 
Begis and the neighbourhood. See Hydraulic Cements. 

The clayey members of the lias furnish a poor and cold agricultural soil, which is 
chiefly devoted to pasture, but the land upon the marlstone is, on the contrary, of a 
very rich and fertile description, and constitutes a district, where it prevails, that is 
marked by the luxuriance of its crops and the excellence of the cider it produces. 
In the upper pai% it contains beds of ferruginous, brown, calcareous sandstone, which 
is used for building purposes in the neighbourhoods where it occurs. The sandstone 
is always more or less of a ferruginous character, but in some instances the ferruginous 
ingredient prevails to such a degree, as to constitute a valuable ore of iron, as in tho 
neighbourhood of Blenheim, to which attention has been direcUd by Mr. Edward Hull, 
of the Geological Survey. 

Like the marlstone, the calcareous sands of tho uppermost portion of the liassic 
series also furnish a rich agricultural soil. Until recently, these sands were consi- 
dered to form the base of the inferior oolite series, but tho researches of l)r. Wright 
render it highly probable that they should, with more propriety, bo classed with tho 
underlying lias, rather than with the oolitic strata.* 

The stone found at Gotham and other places in the neighbourhood of Bristol, and 
which has in consequence received tho name of CoOiam marhle„ and has also been 
called ruin, or landscape marhk, from the curious delineations displayed upon polished 
sections of it, resembling trees, landscapes, &c., is a limestone from the lower pjirt of 
the lias. — H. W. B. 

liZBiLVnrs, Fuming Liquor of, is the bichloride of tin, prepared by dissolving 
that metal with the aid of heat in aqua regia, or by passing chlorine gas through a 
solution of muriate of tin till no more gas bo absorbed, evaporating the solution, and 
setting it aside to cr^^stallise. The anhydrous bichloride is best prepared by mixing 
four parts of corrosive sublimate with one part of tin, previously amalgamated with 
just so much mercury as to render it pulverisable ; and by distilling this mixture 
with a gentle heat, a colourless fluid, the dry bichloride of tin, or tho proper 
fuming liquor of Libavius, comes over. When it is mixed with one-third of its weigiit 
of water it becomes solid. The first bichloride of tin is used in calico-printing. Seo 
Calico-Printing. 

XiZBBTBJUrzra. a hydrous phosphate of copper, named from one of its locidities 
— Libethen, near Neusohl, in Hungary’. 

UCBXW. A certain set of plants, composed chiefly of cellular tissue devoid of 
spiral vessels, with the stems and leaves undistinguishablc, are termed Thallogcns. 
These are of two kinds, the first admitting of two divisions : — 

1. Aquatic thallogens, or such as are nourished through their whole surface by 
water, are AxGiE. Aerial thallogens nourished through their whole surface by air 
are Lichens. 

2. Thallogens nourished through their ihallus (spawn or mycelium) b}’ juices de- 
rived from the matrix are Fungi. 

Lichens are numerous, as Ground livrrviort. Cup moss, and Tree lungwort, used in 
Siberia as a substitute for hops in brewing; Gyrophora, employed by the hunters in 
the arctic regions as an article of food, under th(5 name of tripe dc rochc ; Beindeer 
mosst *uid Iceland moss, much used in this country as a remedy for coughs ; the 
Common ydlow wall lichen, and some others. 

The ^nctorial lichens are also numerous. They furnish four principal colours, 
brown, yellow, purple, and blue. 

Gwophora piutulata and Sticta pvlmonaria yield brown colours. The latter, with 
mordants of tin and cream of tartar, produces on silk a durable carmelito colouri 
{Guihourt.) 

Parmelia paHetina and Evernia vulpim produce yellows ; the yellow principle of 
the fonner being called chtysopkanic acid, that of the latter vulpinic acid, 

‘ The eVklehoe toeonght forward by Dr. Wright In favour of the Hassle origin of these sailds is 
parelj of a pateontological natore ; physically, the most natural arrangement is to oonueot them 
ntlMT With the Intaior oolite than with the lias.-H. W. 
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Bocedla, Leeanora^ Variolaria, &c., yield purple and blue colours. In this country 
archil and cudbear, purple colours, are prepared from it. In Holland, a blue, colour, 
litmus. 

Dr. Stenhouse, to whom we are much indebted for many important inquiries con- 
nected with the applications of chemistry, has given the following table of the 
lichens : — 


1 Lichens 

Colorific Principles 

j Colouring Principles 








Authority 

Ckimmercial Names 

Locality 

Names 

Formulas 

Names 

Formulas 

S. American or- 

Lima, &c. 

Alpha orsel- 

C»“H^=0'=‘+H0 

Orceino 

C“H‘'‘NO 

Stenhouse 

chella weed 

lie acid 





Cape orchella weed 

C. of Good 

Beta orsel- 




Stenhouse 

Hops 

lie acid 





Angola orchella 

Africa 

Erythric 




Stenhouse 

weed 


acid 





PereUo moss {Le- 

Switzerland 

Lecanoric 




Shunck 

canora parella) 


acid 





Tartareous moss 

Norway 

Gyrophoric 

03«2JI«Q15 



Stenhouse 

{Lecanora tar- 
farea) 

acid 






Piistulatons moss 
(Gi/rojthora pins- 
tulata) 

Ragged hoary li- 

Norw^ay 

»» 




Stenhouse 

Scotland 

Evemic acid 




Stenhouse 

chen ( Evemia 

prunastri) 







Usnea {Florida, plU 
cata, and nirta) 
Reindeer moss {Cla- 

Germany 

Esnic acid 




Rochleder 
and lleldt 



I* 

I 



(Ionia rangife- 

rina) 







Ramnliiia {Fasti- 

.. 

„ 

,, 

j 

, , 

99 

(jiata calicaHs) 




i 




See Archil ; French Purple ; Litmus ; Orchelia Weed. 

KXCXlSrSR’S BXiITES. The silicate of cobalt and potash. 

BZBBZOZTfi. A hydrous carbonate of uranium and lime, named after the late 
Baron Liebig. 

XiZBVBZTB. A silicate of iron, knowm as Ilvaite and Jenite, 

BZGBIT. {Lumiere, Fr. ; lAcht^ Gor.) The operation of light as an agent in 
the arts or manufactures has scarcely yet received attention. Sufficient evidence 
has, however, been collected to show that it is of the utmost importance in producing 
many of the remarkable changes in ])odies which are desired in some cases as the 
result, blit which in others are to bo, if possible, .avoided. 

There is a very general misconception as to the power or principle to which cer- 
tain phenomena, the result of exposure to sunshine, are to be referred. In general 
light is regarded as the principle in action, whereas frequently it has nothing what- 
ever to do with the change. A few words therefore in explanation are necessary. 
The solar ray, commonly spoken of as light, contains, in addition to its luminous 
power, calorific power, chemical power, and, in all probability, electrical power. (See 
Actinism.) These phenomena can be separated one from the other, and individu- 
ally studied. All the photographic phenomena are dependent upon the chemical 
(actinic) power. Many of the peculiar changes which are effected in organic bodies 
are evidently due to light, and the phenomena which depend entirely on heat are well 
known. 

Herschel has directed attention to some of the most striking phenomena of light, 
especially its action upon vegetable colours. As these have direct reference to the 
permanence of dyes, they are deserving of great attention. The following quotation 
from Sir John Herschel’s paper ‘ On the Chemical Action of the Eays of the Solar 
Spectrum, &c.,’ will explain his views and give the diaracter of the phenomena which 
he has studied. He writes : — 

* The evidence we have obtained by the foregoing experiments of the existence of 
chemical actions of very different and, to a certain extent, opposite characters at the 
opposite extremities (or rather, as we ought to express it, in the opposite regions) of 
the spectrum, will naturally give rise to many interesting speculations and conclu- 
sions, of which those I am about to state will probably not be regarded as among the 
least so. We all know that colours of vegetable origin are usually considered to be 
destroyed and whitened by the continual action of light. The process, however, is 
too slow to be made the subject of any satisfactory series of experiments, and, in 
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oonieqaenee, this subject, so interesting to the painter, the dyer, and the general 
artist, has been allowed to remain uninvestigated. As soon, however, as these evi- 
dences of a counterbalance of mutually opposing actions, in the elements of which the 
solar light consists, offered themselves to view, it occurred to me, as a reasonahle 
subject of inquiry, whether this slow destruction of rentable tints might not be due to 
the feeble amount of residual action outstanding after imperfect mutual compensation, 
in the ordinary way in which such colours are presented to light, i.e. to mixed rays. 
It appeared therefore to merit inquiry, whether such colours, subjected to the un- 
compensated action of the elementary rays of the spectrum, might not undergo 
changes differing both in kind and in degree which mixed light produces on them, 
and might not, moreover, by such changes indicate chemical properties in the rays 
themselves hitherto unknown. 

* One of the most intense and beautiful of the vegetable blues is that yielded by the 
blue petals of the dark velvety varieties of tlie common heartsease ( Viola tricolor). It 
is best extracted by alcohol. The alcoholic tincture so obtained, after a few days keep- 
ing in a stoppered phial, loses its fine blue colour, and changes to a pallid brownish 
rea, like that of port wine discoloured by age, 

* When spread on paper it hardly tinges it at first, and might be supposed to have 
lost all colouring virtue, but that a few drops of very dilute sulphuric acid sprinkled 
over it, indicate by the beautiful and intense rose colour developed wliere they fall, 
the continued existence of the colouring principle. As the paper so moistened with 
the tincture dries, however, the original blue colour begins to appear, and when qiuto 
dry is full and rich. The tincture by long keeping loses this quality, and does not 
seem capable of being restored. But the paper preserves its colour well, and is oven 
lather remarkable among vegetable colours for its permanence in the dark or in 
common daylight. 

‘A paper so tinged of a very fine and full blue colour, was exposed to the solar 
spectrum concentrated, as usual (October 11 , 1839 ), by a prism and lens; a water- 
prism, however, was used in the experiment, to command as large an arcwi of sunbeam 
as possible. The sun was poor and desnltory ; nevertheless, in half an hour there 
was an evident commencement of whitening from the fiducial yellow ray to the mean 
red. In two hours and a half, the sunshine continuing very much interrupted by 
clouds, the effect was marked by a considerable white patch extending from the 
extreme red to the end of the violet ray, but not traceable beyond that limit. Its com- 
mencement and termination wore, however, very feeble, graduating off insensibly ; 
but at the maximum, whicli occurred a little below the fiducial point (corre.sj)onding 
nearly with the orange r&ys of the luminous spectrum), the blue colour was completely 
discharged. Beyond the riolet there was no indication of increase of colour, or of any 
other action. I do not find that this paper is discoloured by mere radiant lieat 
unaccompanied with light.’ 

The late Dr. George Wilson of Edinburgh made some exceedingly interesting experi- 
ments on the influence of sun light over ilui actian of dry gases on organic colours. The 
results arrived at were communicated to Uie British Assochition, and an abstract of 
the ^mmunication is publish^jd in their Transactions. The experiments were on 
chlorine, sulphurous acid, sulphuretted hydrogen, carbonic acid, and a mixture of 
sulphurous and carbonic acid, oxygen, hydrogen and nitrc^eri on organic colouring 
matters. had ascertained,’ s^iys I)r. George Wilson, ‘the action of tlie gases 
mentioned already on vegetable colouring matters, so arranged, that both colouring 
matter and gas should be as dry as possible, the aim of the inquiry being to elucidate 
the theoiy of bleaching, by accounting for the action of dry chlorine upon djy colours. 
In the course of this inquiry, I ascertained that in darkness dry chlorine may be kept 
for three years in contact with colours without bleaching them, although when moist 
it destroys their tints in a few seconds (see Blexcuing) ; and I thought it desirable 
to ascertain whether dry chlorine was c^qually powerless as a bleacher when assisted 
by sunlight. The general result of the inquiry was, that a few weeks sufficed for the 
bleodiing of a body by chlorine in sunlight, where months, I may even say years, 
would not avail in darkness.’ The form of the experiment was as follows : — Four 
tubes were connected together so as to form a continuous canal, through which a 
current of gas could be sent. Each tube contained a small glass rod, ou which seven 
pieces of dififerenUy-colonred papers were spiked. It is not necessary hero to state 
the colours employed, suffice it to say, that all the tubes thus contained seven different 
eoIo«ived papers, of diiferent origins, and easily distinguishable by the eye. They 
wave ammged in the same order in each tube, and were prepared as nearly as 
poi^le of the same shade. These papers were carefuUv deprived of every trace of 
molstvre a current of very dry sir. The tubes were tlien filled with the gas, also 
dried, on which the experiment was to be made. One tube of each series was k^t 
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in darkness, two others were exposed in a western aspect behind glass, and the other 
was turned to the south in the open air. 

The results wore as follow: — In the dark chlorine tube the colours were very 
little altered, and would probably have been altered less had not the tube been fre- 
quently exposed to light for the sake of examination. In the western tube, the 
original grey and green wallflower papers became of a bright crimson, the blue 
litmus bright red, and the brown rhubarb yellow. The whole of the chlorine had 
apparently entered into combination with the colouring matters, for the yellow tint 
of the gas had totally disappeared. In the southern tube the colour of the 
chlorine could still be seen, the reddening action was less decided, and the 
bleaching action was more powerfully evinced. The general result was that the 
action of sunlight is less uniform than might have been expected in increasing the 
bleaching power of chlorine, or while some tints rapidly disappeared under its action 
assisted by light, other colours remained, in apparently the very same circumstances, 
iinaifected, 

Sulphuroiis acid, if thoroughly dried, injiy bo kept for months in contact with dry 
colours without altering them ; under the influence of sunlight it however recovers to 
some extent its bleaching power. 

Bul^liuTcttcd hydrogen acts as a weak acid, and readily as a bleacher when 
moist, and becomes inactive in both respects if made dry and kept in darkness. 
With the assistiince of sunlight it recovers in no inconsiderable degree its bleaching 
power. 

Oxygen is a well-known bleaching agent, but when dry its action upon colouring 
matter in the dark is extremely slow. In sunlight, however, it recovers its bleaching 
power. 

Carbonic add, when dry in darkness, loses all power on colouring matter, but a 
faint bleaching action is exerted by it under exposure to sunlight. 

Hydrogen is without any action when dry upon colours, but it acquires a slight 
decolorising power when exposed to sunshine. 

‘The general result,* concludes Dr. George Wilson, ‘of this inquiry, so far as 
it has yet proceeded, is, that the bleaching gases, viz. chlorine, sulphurous acid, 
sulphuretted hydrogen, and oxygen, lose nearly all their bleaching power, if dry and 
in darkness, but all recover it, and chlorine in a most marked degree, by exposure to 
sunlight.’ 

All those experiments appear to show that the action of the solar rays on vegetable 
colours is dependent upon the power possessed by one set of rays to aid in the 
oxidation or chemical changes of the organic compound constituting the colouring 
matter. The whole matter requires careful investigation. 

It is a proved fact, that colouring matters, either from the mineral or the vegetable 
kingdoms, are much brighter when they are precipitated from their solutions in 
bright sunshine, than if precipitated on a cloudy day or in the dark. It must 
not bo supposed that all the changes observed are duo to chemical action ; there 
can bo no doubt but many are purely jdiysical phenomena, that is, the result of mole- 
cular change, without any chemical disturbance. 

ILZOBT CAUintBTTEB HTBROGBIT. Marsh-gas or fire-damp. 

KZOBT, 2B1ICTRZC. See Electuic Light. 

XiZGBTBOirSB. The imporbince of lights of great power and of a distinguish- 
able character around our coasts is admitted by all. One of the noblest eflbrts of 
humanity is certainly tho construction of those guides to the mariners upon rocks 
which exist in the tracks of ships, or upon dangerous shores and the mouths of har- 
bours. This is not the place to enter largely upon any special description of tho 
lights which are adopted around our shores ; a brief account only will be given of some 
of the more remarkable principles which have been introduced of late years by the 
Trinity Board. 

Tho early lighthouses appear to have been illuminated by coal or wood fires con- 
tained in ‘ chauffers.’ The Isle of Man light was of this kind until 1816. The first 
decided improvement was made by Argjuid, in 1784, who invented a lamp with a 
circular wick, the flame being supplied by an external and internal current of air. 
To make these lamps more effective for lighthouse illumination, and to prevent the 
ray of light escaping on all sides, a reflector was added in 1780 by M, Lenoir; this 
threw the light forward in parallel rays towards such points of the horizon as would 
be useful to tho mariner. Good reflectors increase the luminous effect of a lamp 
about 400 times; this is tlie ‘catoptric* system of lighting. When reflectors are 
used, there is a certain quantity of light lost, and the ‘ dioptric * or refracting sv^tem, 
invented by the late M. Augustin Fresnel in 1822 is desired to obviate this OTect to 
some extent : the * catadioptric ’ system is a still further improvement, and acts both 
by refraction and reflection. Lights of the first order have an interior radius or focal 
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diftMOd of 86*22 xnchoa, and are lighted by a lamp of four concentric wicks, con- 
Bumng 670 gallons of oil per annum. Recently (1874) mineral oil has been used 
with much aehmatage and economy in the lighthouses of America. 

The following notices may be of interest : — The Eddystone Lighthoufie, 0^ miles 
from the Rame Head, on the coast of CornwalJ, was erected of timber by Wiiistnnley 
in 1696-98, and was washed away in 1703. It was rebuilt by Rudyard in 1706, 
and destroyed by fire in 1755. The present edifice was erected by Smeaton 1 757-59. 
Tallow candles were used in the first instance for the lights; but in 1807 argnnd 
lamps, with paraboloidal reflectors of silvered copper were substituted. 

The Skenprvore Rocks, about 12 miles south-w’est of Tyree on the coast of Argylo- 
shire, lying in the track of the shipping of Liverpool and of the Clyde had long been 
xegardM wi^ dread by the mariners frequenting these seas. The extreme difficulty 
of the position, expos^ to tlie unbroken force of the Atlantic Ocean, had alone de> 
terred the Commissioners of Northern Lights from the attempt to place a light upon 
this dangerous spot; but in 1834 they caused the reef to be sun^eyed, and in 1838 
Mr. Alan Stevenson, their engineer, inheriting his father's energy and scientific skill, 
commenced his operations upon a site from which ‘ nothing could be seen for miles 
around but white foaming breakers, and nothing could be heard but the howling of 
the winds and the lashing of the waves.* His design was an adaptation of Smeaton's 
tower of the Eddystone to the peculiar situation, a circumstance with which he hnd 
to contend. He established a circular base 42 feet in diameter, rising in a solid 
mass of gneiss or granite, but diminishing in diameter to the height of 26 feet, and 
presenting an even concave surface all round to the action of the waves. Imnu - 
diately above this level the walls are 9*58 feet thick, diminishing in thickness as the 
tower rises to its highest elevation, where the walls are reduced to 2 feet in thickness, 
and the diameter to 16 feet. The tower is built of granite from the islands of 
Tyree and Hull, and its height from the base is 138 feet 8 inches. In tlie in- 
tervals 1^ by the thickness of the walls are the stairs, a space for the necessary 
supply of stores, and a not uncomfortable habitation for three attendants. The 
rest of the establishment, stores, &c., are kept at the dep6t in the island of Tyree. 
The light of the Skerryvorc is revolving, and is produccKl by the revolution of 
eight annular lenses around a central lamp, and belongs to the first order of dioptric 
lights in the system of Fresnel, and may be seen from a vessel’s dock at a distance 
of 18 miles. 


Some of the lenticular arrangements must now claim attention. The appearance of 
light called short eclipses lias Iiitlierto Ixien obtained by the following arrangenieut : — 
An apparatus for a fixed light lieiug prorided, composed of a central cylinder and two 
zones of catfidioptric rings forming a cupola and lower part, a certain number of lenses 
are arranged at equal distances from each other, placed ujxin an exterior moveable 
frame making its revolution around the apparatus in a given period. I'hese lenses, 
C(iinpo8ed of A'ertical prisms, are of tlie same altitude as the cylindtT, and the radius 
of their curves is in opposite directions to those of the cylinder, in such a manner 
tliat at their passage they converge into a parallel pencil of light, all the divergent 
rays emitted horizontally from the cylinder producing a brilliant effect, like that 


obtained by the use of annular lenses at the 
1385 revolriug lightliouses. Large lenses, or any 

J w large masses of glas.s, are liable to stria», 

^ A ^ which by dispersing, occasion a loss of much 

jmmt / \ \ * order to improve a solid Ions formed of 

I / I I vJ W ‘ uj V L piece of glass wliose section is a, wi, p, b, 

• ! I vV'v T J r ^ proposed to cut 

y I glass left white in the figure, 

namely, the portions between m p and n o, and 
^ '■f jL bc^tween « o and tlie left-hand surface of d e. 

▼ A lens thus constructed would be incomparably 

superior to a solid one, but such a process we 
conceive to be impracticable on a largo scale, &om the extreme difficulty of polishing 
the surfaces a b p, c i», f o, and the left-hand surface of n s ; aud even if it were 
practical, the greatest imperfections of the glass might happen to occur in the parts 
which are left In order to remove tliese imperfections and to construct lenses of 
any sise,* says Sir David Brewster, *I proposed in 1811 to build them up of separate 
cones or ri^, each of which rings was ^ain to be coz^sed of separate segments, 
as shown in the front view of the lens in fig. 1886. Tnis lens is composed of one 
esntial lens a b c d, corresponding with its section d s in fig. 1884 ; of a middle ring 
• »x X, oonesponding to c d, b and consisting of 4 segments ; and another ring 
II r B f, CQXzeiipo&di]:^ to a c, f b, and consisting of 8 segments. The preceding 
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istruction obviously puts it in our power to execute those lenses, to which I have 
on the name of •polyzonal lenses^ of pure flint glass free from veins ; but it pos- 
ises another great advantage, namely, that of enabling us to correct very nearly the 
lorical aberration by making the foci of each zone coincide.* 

This description will enable the reader to understand the system which has been 
:)ptecl by Fresnel, and carried out by the French Government and by our own Com- 
ssioners of Lights. 

In the fixed dioptric light of Fresnel, the flame is placed in the centre of the ap- 
ratus, and within a cylindric reflector of glass, of a vertical refracting power, the 
:^adth and height of a strip of light emitted by it being dependent upon the size of 
1 flame and the height of the reflector itself ; above and below is placed a series of 
looting prismatic rings or zones for collecting the upper and lower divergent rayj^ 
lich, falling upon the inner side of the zone are refracted, pass through the second 
lo where they suffer total refl(H:tion, and, passing out on the outer side of the zone, 
R agJiin refracted. The effect of these zones is to lengthen the vertical strip of 
;ht, the size of which is dependent upon the breadth of the flame and the height of 
apparatus. 

In Fresnel’s revolving lighthouse, a large flame is placed in the centre of a revolv- 
g frame which carries a number of lenses on a large scale and of various curva- 
res for the avoidance of spherical aberration. With the view of collecting the 
vergont rays alx)ve the flame, an arrangement of lenses and silvered mirrors is 
aco(l immediately over it. By this compound arrangement the simply revolving 
lavactcr of the apparatus is destroyed, as, in addition to the revolving flash, a ver- 
cal and fixed light is at all times scon, added to which a great loss of light must be 
I stained by the loss of metiillic reflectors. In 1851, Messrs. Wilkins and Letour- 
3au introduced a catadioptric apparatus of groat utility, which was thus described 
y them : — 

The first improvement had special reference to the light, and produced a consider- 
1>1(> increfiso in its power, whilst the simplicity of the optical arrangements was also 
^ganhid. It consisted, first, in completely dispensing with the moveable central 
yrlindrical lenses ; secondly, it replaced these by a single revolving cylinder composed 
f four annular lenses and four lenses of a fixed light introduced between them ; but 
lie number of each varying according to the succession of flashes to be produced in 
lie period of revolution. 

The second improvement consisted in a new method of arranging the revolving 
>nrts, experience having shown that the arrangements in use were very faulty, 
l short time is sufficient for the action of the friction-rollers, revolving on two 
>aralk‘l plnnes, to produce, liy a succession of cuttings, a sufficiently deep groove 
0 destroy the regularity of the rotetory movement. To obviate this great incon- 
enicnce the friction-rollers wore so placed and fitted, on an iron axis with regulating 
crews and traversing between two bevelled surfaces, and when an indentation was 
uade in one place they could be adjusted to another part of the plates which is not so 
vorn. 

The third improvement produced the result of an increase of the power of the flashes 
n revolving lighthouse apparatus to double what had been obtained hitherto. By 
neans of lenses of vertical prisms placed in the prolongation of the central annular 
Lenses, the divergent rays emerging from the catadioptric zone were brought into a 
straight lino, and a coincidence of the three lenses obtained. 

The whole of the prisms, lenses, and zones are mounted with strength and sim- 
plicity, accurately ground and polished to the correct curves according to their re- 
spective positions, so as to properly develope this beautiful system of Fresnel. The 
glass of which they are composed should be of the clearest crystal colour, and free 
from that green hue which so materially reduces the power of the light, and is con- 
sideretl objectionable for apparatus of this kind. The lamp by which the apparatus is 
to be lighted consists of a concentric burner with four circular wicks attached to a 
lamp of simple construction, the oil being forced up to the burner by atmospheric 
pressure only, so that there are no delicate pumps or machinery to become de- 
ranged. 

Stevenf^m's Revolving Lighthouse . — This apparatus consists of two parts. The prin* 
cipal part is a right octagonal hollow prism composed of eight large lenses, which 
throw out a powerful beam of light whenever the axis of a single lens comes in the line 
between the observer and the focus. This occurs once in a minute, as the frame which 
bears the lens revolves in eight minutes on the rollers placed beneath. The subsidiary 
parts consist of eight pyramidal lenses inclined at an angle of 30® to the horizony and 
forming together a hollow truncated cone, which rests above the flame like a cap. 
Al>ove these smaller lenses (wliich cun only be seen by looking from below) are 
VoL. III. I 
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placed eight plane mirroi'S, whose surfaces beinp; inclined to the horizon at 60° in the 
direction opposite to that of the pyramidal lenses, finally cause nil the light made 
parallel by the pefiraction of these lenses to leave the mirror in a horizontal direction. 
The only object of this part is to turn to useful account, l)y prolonging the duration 
of the flash, that part of the light which would otherwise escape into the atmosphere 
above the main lenses. This is effected by giving to the upper lenses a slight hori- 
zontal divergence from the vertical plane of the principal lenses. Below are live 
tires of totally reflecting prisms, which intercept the light that passes below the great 
lenses, and by means of two reflections and an intermediate refraction project thorn in 
the shape of a flat ring to the liorizon. 

Stevenson's fixed dioptric apparatus of the first order (same .is that at the Isle of 
May, with various improvcTnents). The principal part consists of a cylindric belt of 
glass which surrounds the flame in the centre, and by its action refracts the light in 
a vertical direction upward and downward, so as to be parallel with the plane of 
the system. In this way it throws out a flat ring of light equally intense in every 
direction. To near observers, this action presents a narrow vertical T)and of light, 
depending for its breadth on the extent of the horizontiil angle embraced by the eye. 
This arm ngement therefore fulfils all the conditions of a fixed light, and surpasses in 
effoct any arrangement of parabolic reflectors. In order to save tlio light which would 
b© lost in passing above and bohnv the cylindrical belt, cur\'e<l mirrors with their 
common focus in the lamp wore formerly used; but }>y the present e^.giiu-cr, the 
adaptation of catadioptric zones to this part of the apparatus was, after muclt labour, 
successfully carried out. These zones are triangular, and act by total reflection, the 
inner face refracting, the second tota///f reflecting^ and the third or outer face, a second 
time reflating, so as to cause the light to emerge iwri::oniaUy. The appar.itus has 
received many smaller changes by the introduction of a new mode of grouping the 
various parts of the framework, by which the ]>assage of the light is less obscured in 
every azimuth. 

Mechanical lamps of four wicks are used in these ligbtbonses; in tliosc the oil is 
kept continually overflowing liy means of pumps which raise it from the cistern below ; 
thus the rapid carbonisation of the wicks, wdiich would be caused by the grernt Jieat, 
is avoided. The flames of the lamp reach their best efft'cl in three hours after liglit- 
ing. i,e. after the whole of rlic oil in tJic cislcrn, l»y passing and repassing over tlie 
wicks repeatedly, has reached its maximum temperature. After this the lamp often 
burns fourU^en hours without sensible diminution of the light, and then rapi<!ij^* fall,'*. 
The height varies from sixteen to twenty times that of tlie argantl flame of .an inch in 
diameter; and the quantity of oil consumed l)y it is greater n(?arly in ll»e same 
proportion. 

In Steeensm}'^ erdinarg parahoHr rendered holophotal (wlure the entire 

light is parallelised) ]»y a portion of a cat.adioptric annular lens, the baek ]>art of tlie 
parabolic conoid is cutoff, and a portion of a splierieal mirror substituted, so as t-» 
send the rays again through the flame; wliile lii.s holapludal caimlUrpitic anni'lar 
lens apparatus is a combination of a liemispherical mirror .and a hiis having totiilly- 
rcflecting zones ; the peculiarity of this arrangement is, iliat tlie caUadioptrie zones, 
instead of transmitting the light in parallel Jiorizonlal )>lates, as in Fresnel’s apjta- 
xatus, produces, as it were, an extension of the lenticular <»r qnaqiijiversiil action of tiio 
central lens by assembling the light around its axi.s in the form of concentric hollou' 
cylinders. 

Mr. Chance, of Birmingham, constructed a lighthouse wliich may be regarded as 
Fresnel’s revolving light rendered holophotal. This arrnngeinent was divided into 
three compartments, the upper and lower of winch were compo.sid respectively of 
thirteen and six catadioptric zones whieli produce the vertical strip of light extending 
the whole lengtli of the apparatus, and is similar t6 Fresners dioptric light. Tlio 
oentral or catoptric compartment consi.sted of eight lenses of three feet fcK*.il length, 
each of which was the centre of a series of eleven concentric prismatic rings, designed 
to produce the same refractive effect as a solid lens of equal size. These compound 
lenses were mounted upon a revolving frame and transmitted liorizonUil flashes of 
light as they successively rotated. The motion was communicated to tlie frame by 
a clock movemeDt, and performs one revolution in four minutos ; consequently, as 
there are eight lenses, a flash of light is transmitted every thirty seconds to the 
liorizon. 

This wood is supposed to ?>e the produce of AquUaria Agallocha^ 

one of the Lace-bark order. 


MI Miaaii m IKATnOt is vegetable fibre. See Fibhk, V^etable. 

Under Bbowk Coai., and Coat., the characteristics of lignite have 
ilsea^ received attention, therefore little furtlier need be said. The term lignite 
•honhl be oonfloed to fossil wood, or, still more correctly to wood which has under- 
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10 one of tho chanjiros Iciidinf^ towards the production of coal. If wood 5s 
ried in moist earth there is the production of carbonic acid from the elements of the 
od, and the wood is changed into either lignite or brown coal. Lignite and coal 
for cliemically from each other. Lignite yields by dry distillation acetic acid and 
?tate of ammonia, whereas coal produces only an ammoniacal liquor. {Kremers,) 
oody fibre gives rise to acetic acid ; therefore, lignite must still contain undecomposed 
»ody fibre. The following tiible gives the composition of several well-raown 
iiites : — 
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The products of tlin destructivo distillation of lignite, by Jb Niederstadt is well 
i srrviiig athmtion. - The lignites examined came from the Khenish- Hessian basin. 
. Jiigriite from Meissner, of a re(l-l)rown colour and wootly texture ; specific gravity 
12. 2. Jiignite from llheinhardswaldo, grey or black, containing abundance of 

esin ; specitic gravity IT 3. 3. IJrilliant lignite of Meissner, black, fracture fibrous, 

ustro vitreous; specific gravity 1*32. 4. Lignite of Hirschberg, brownish-black, in 

ree-like musses ; specific gravity 1 ‘35. The following is their elementary composi- 
ion: — 



1 

2 

3 

4 

Carlion 

51*238 

58*782 

69*995 

60*302 

Hydrogen 

4*169 

4*042 

3*192 

4*859 

Oxygen 

32*326 

20*803 

17*591 

20*169 

Nitrogen . . . . . i 

0*175 1 

0*150 

0*123 

0*121 

Ash 

()-795 1 
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Moisture 
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Dn distillation these lignites yielded solid, liquid, Jind gaseous products ; at a dark-red 
heat, a brown tairy mutter passing over along with combustible gases. To separate 
the w’utcry portion from tlio Uir, common salt was added to the mixture, heated to 40°. 
The quantity of hir, wlieu freed from water, amounted to 4 to o percent., and the watery 
products 48 to 55 per cent., containing acetic acid and ammonia. The oily matters 
distilled over at 95° to 220°, leaving a black pitchy residue. The distillate, on agitation 
with concentrated s<Kla-l 3 ^e, yields phenol. On fractional distillation, the portions 
pissing over up to 150° contiiiii pyrrol and picoline, which boils at 135°, and is distin- 
guished from aniline by not giving a violet colouration with chloride of Kme. The 
part passing over about 220° solidified on cooling, yielding a crystalline mass soluble 
in alcohol and ether. It melts at 49° to 51°, and is a paraffin formed of hydrocarbons 
It amounts to 1 per cent, of the lignite employed. The gaseous mixture, 
from the Meissner lignite, consisted of: — Hydrogen, 14*26; carbonic oxide, 40*12; 
marsh-gas, 10*29; nitrogen, 4 09; carbonic acid, 2*10; ethylene and superior hydro- 
carbons, 2*13. There appears, consequently, little prospect of using the gases from 
lignite for lighting purposes. 

In Prussia, Austria, and many other parts of the Continent, lignite forms a very 
important product, being largely employed for domestic and for manufacturing 
purposes. In this country, w’ith the single exception of the Bovey Hoathfield formation, 
which is used iu the adjoining pottery, lignite is not employed. See Coal. 

or Guaiactim (Guaiacum officinale and G, sanctum) ^ a vwy 
hard aud heavy wood. The fibrous structure of this wood is very remarkable ; the 
fibres cross each other sometimes as obliquely as at au angle of 30° with the azis, 
as if one group of the annual layers wound to the right, the next to the left, and 
so oil, with any exactitude. The wood can hai*dly bo split, it is therefore divid^ by 
tlio saw. Lignum- vitae is much used in machinery for rollers, presses, mills, &c., and 
ioi* pestles aud mortars, sheers for ship’s blocks, skittle balls, and a groat variety of 
other works requiring hardness and strength. 

Tlio gum guuiacum of the apothecary is extracted from this wood. 

1 2 
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XifliAO ATS. See Caiico-Pbinting ; Dyeii^g ; and Aniline. 

T i fM A W0 01». See Brazil Wood. 

lifMB i TMM. The Citms Limetta^ yielding the limc-jnico so much esteemed for 
flavouring sherbet^ punch, &c. 

X i IMM * Quiekumff an Ojnde of Calcium. This useful substance is prepared by 
bimiing calcareous stones in kilns or furnaces. ^ . 

Limestone used to be calcined in a very rude kiln, formed by inclosing a circular 
space of 10 or 15 feet diameter, bj’^ rude stone walls 4 or 5 feet high, and filling 
the cylindrical cavity with alternate lH3’^ers of turf or coal and limeslone broken 
into moderate pieces. A bed of brushwood was usuall.v placed at the l>ottom, to 
facilitate the kindling of the kiln. 'Whenever the combustion was fairly commenced, 
tlio top, piled into a conical form, was covered in with sods, to render the etJeina- 
lion slow and regular. This method being found relatively inconvenient and 
inefiectual, was succeedod by a permanent kiln built of stones or brickwork, in the 
shape of a truiKSated cone with the narrow end undermost, and closed at bottom ly 
an iron grate. Into this kiln, the fuel and limestone were introduced at the top in 
alternate layers, l>eginning of course with the former; and the charge was either 
allowed to burn out, when the layer was altogether removed ni a door near the bottom, 
or the kiln was successively fed with fresli materials, in alternate beds, as the former 
supph’ sunk down by the calcination, while the thoroughh’-burnt lime at the l)ottom 
was successivelv’ niked out by a side door immediately al>ove the grate. Tlu^ interior 
of the lime kiln has been changed of late years from the conical to the elli}iticHl form, 
and probabh* the best is (hat of an egg })laced with ils narrow end undermost, and 
truncated both above and below; the ground plot or bottom of the kiln being com- 
pressed so as to give an elliptical section, with an ci/r or draft -hole towards each end 
of that ellipse. A kiln thus /irched in aliove gives a reverberatory licat to tlie upper 
materials, and also favours their falling freclj' down in pro}><>rtion as the finished 
lime is raked out below; advantages which the conical form docs not afford. The 
size of the dr.ift-holcs for extraetinc: tlie quicklime, sliould be proportionate to the size 
of the kiln, in order to admit a sufficient current of air to ascend with the smoke and 
flame, which is found to facilitate the extrication of the enrloriio acid. The kilns are 
Ciilled perpe/t'/rZ, liecanse the o]*eration is carried on eonlinnuusly as long as the build- 
ing lasts; and drait-Au/uf!, from the mofle of discharging them ly raking out the lime 
into carts placed against the draft-holes. Three buslnls of cidcined limeslone, or 
lime-shells, are produced on an average for every bushel of coals consumed. Such 
kilns should be built up against Uie face of a cliff, so Umt «i.‘'y access may b(J 
gained to the mouth for charging, ly making a sloping cart-road to iJic top of the 
bank. 

1386, 1387, 1388, 1380, represent the of Kiidor.'idorf near Berlin, upon 
the continuous plan, excellently constructed for c'conoraising fuel. It is triple, and 
.yields a threefold product, 1388 is a yiew of it as soon from above; 13SIK 

the elevation and general appearance of one side ; f r/. 1380, ti vertical section, aiid 

1387, the ground plan in the line a n c n off^. 1386. The inner shaft f<f, 1386, 
has the form of two truncated cones, with their larg»;r cin-nlar ends ajplicd to each 
other; it lias the greatest width at the level of the fin-door h, vlicre it is 8 feet in 
diameter; it is narrower belou, at the discharge door, and at the top orifice, where it 
is al^out 6 feet in diameter. The interior wall rf, of the upyKT shaft is built wdth hewn 
stones to the height of 38 feet, and below that for 25 fret, with fire-bricks </' d', laid 
stepwise. This inner wall is surroundwl w'iih a mantle r, of limestone, Imt between 
the two there is a small vacant space of a few indies fdh d with ashes, in order to 
allow of the expansion of the interior with heat taking place without shattering tliu 
mass of the building. 

The fire-grate, 5, consists of fire-tiles, which at the middle, where the single jjiect s 
press together, lie upon an arched support /. The fire-door is al.no arclied, and is secured 
by fire-tiles, g is tiie iron door in front of that orifice. The tiles which form the grate 
have 3 or 4 slits of an inch wide for admitting the air, which enters through the canal h. 
The under part of the shaft from the fire to t he hofirth is 7 feet, and t he out er enclosing 
wall is constructed of limestone, the lining being of fire-i>ricks. Uere are the ash- 
pit i, the discharge outlet a, and the canal A*, in front of the outlet. Bacli ash-pit is 
shut with an iron door, which is opened onl^' wdien the space i becoinos filled with 
Ashes, 'Hiese Indeed are allowed to remain till they get cool enough to be removed 
without inconvenieDoe. 

T^e discharge outlets are also famished with iron doors, which arc opened only for 
taiuiig out the lime, and are carefully luted with loam during the burning. The outer 
walls /mn of the kiln, are not essentially necessary*, but convenient, bec/iuse they afford 
Town for the lime to lie in the lower floor, and the fuel in the second. The several 
•tones are formed of groinod arches o, and platforms f, covered over with limestoas 
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labs. In the third and fourth stories the workmen lodge at night. See^. 1389* Some 
ntcr their opartmenta by the upper door g, others by the lower door a, r is one of 
he chimneys for the several fireplaces of the workmen ; t,UfV mre stairs. 

1386 1388 



As the limestone is introduced at top, the mouth of the kiln is surrounded with a 
strong iron balustrade to prevent the danger of the people tumbling in. The platform 
{fig. 1388) is laid with rails w, for the waggons of limestone, drawn by horses, to run 
upon. X is another railway, leading to another kiln. Such kilns are nameil after 
the number of their fire-doors, single, twofold, threefold, fourfold, &c. ; from three 
to five being the most usual. The outer form of the kiln also is determined by the 
number of the furnaces, being a truncated pyramid of equal sides, and in the middle 
of each ulteruato side there is a fireplace, and a discharge outlet. A cubic foot of 
limestone requires for burning, one and five-twelfths of a cubic foot of wood, and one 
and a half of turf. 

When the kiln is to be set in action, it is filled with rough limestone, to the height 
cn, or to the level of the firing ; a woc»d fire is kindled in «, and kept up till tlie lime 
is calcined. Upon this mass of quicklime a fresh quantity of limestone is introduced, 
not thrown in at the mouth, but let down in buckets, till the kiln is quite full ; while 
over the top a cone of limostt>iies is piled up, about 4 feet high. A turf-fire is now 
kindled in the furnaces b. Whenever the upjwr stones are well calcined, the lime 
under the fire-level is taken out, the superior column falls in, a new cone is piled up, 
and the process goes on thus without interruption, and without the necessity of once 
putting a fire into a ; for in the space c n, the lime must be always well calcined. The 
discharge of lime takes place every 12 hours, and it amounts at each time in a three- 
fold kiln, to from 20 to 24 Prussian toniies of 6 imperial bushels each ; or to 130 bushels 
imj^rial upon the average. It is found by experience that fresh -broken limestone, 
which contains a little moisture, calcines more readily than what has been dried by 
exposure for some time to the air; in consequence of the vapour of water promoting 
the escape of the carbonic acid gas ; a fact well exemplified in distilling essential oils, 
as oil of turpentine and naphtha, wliich come over with the steam of water at upwards 
of 100® Fahr. below their natural term of ebullition. Six bushels of Rudersdorf 
quicklime weigh from 280 to 306 pounds. See Kixjts. , 
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Ashjdxous lime, or, as it is commonly called, *qiiichlim! is an amorphoits solid, 
TStying much in coherence, according to the kind of rock from lyhich it is obtained ; 
its medBe gnrity yaries from 2*3 to 3. Lime is one of the most infusible bodies 
which we possess ; it resists the highest heats of our furnaces. 

When exposed to air, quicklime r«apidly absorbs water and crumbles into a powder, 
commonly known as slaked lime, which is a hydrate of Ihne, 

Hydrate of lime, when exposed to tiio air, absorbs carbonic acid, and after long ex- 
posure it is converted into a mixture of carbonate of lime and hydmto of lime in single 
equivalents. Hydrate of lime is but slightly soluble in water, 729 to 733 parts of that 
fluid dissolving only 1 part of the lime at ordinary temperatures. 

Hydrate of lime is applied to numerous purposes in the arts and manufactures. It 
is chiefly employed in the preparation of mortar for building purposes. See Mobtar. 

The pure limes, prepared from the carbonates of lime, form an imperlbct mortir 
suitable only fbr dry situations. In damp buildings or in wet situations they never 
9 et (as the process of hardening is technically termed), but alwa 3 "s remain in a pulpy 
state. General Pasley says, ‘ The unfitness of pure lime for the purposes of hydraulic 
architecture has tfeen proved by several striking circumstances that have come under 
my personal observation, of which I shall only mention a few. First, a great portion 
of tile boundary-wall of Rochester Castle having been eompletolj^ undermined, nearly 
throughout its whole thickness, which was considerable, whilst the upper part of the 
same wall was left standing, I had alwa^’s ascribed this remarkable breach to violence, 
considering it as having been tlio act of persons intending to destroy the wall for the 
sake of the stone ; but on examining it more accurately after I had begun to study 
the subject of limes and cements, I observed that the whole of the broached part was 
washed by the Medway at high water, and that all the mortar of a small portion of 
the back part of the foot of the wall still loft standing was quite soft, but that towards 
the ordinary liigh water level it became a little harder, and above that level it was 
^rfectly sound. I observed the same process at the outer wall of Coekliam Wood 
Fort, on the left bank of the Medway, below Chatham, of which the upper pirt was 
standing, whilst the lower part of it had been gradually ruined by the action of the 
river at high water destroying the mortar.’ The peculiar conditions necessary to 
insure a go^ and useful mortar for building purposes, and the peculiarities of the 
hydraulic mortars or cements are treated of under HYDRArLic Cements and 
Mobtab. 

SUBKBSTOirs. {Calcaire, Fr. ; Kalkstein, Gor.) A great variety of rocks contain 
a sufficient quantity of carbonate of lime to be called limestones. 

Cluilk is an earthy massive opaque variety, usually soft and uithout lustre, and may 
bo regarded as a tolerably pure carbonate of lime. Carbonate of lime dissolves in 1 ,000 
parts of water charged with carbonic acid, {liischof. ) Fresenius sUtes that it dissolves 
in 8,834 parts of boiling water and in 10.601 parts of water at ordinary temperatures. 

Carbonate of lime is found in nature more or less pure ; it occurs crystallised, ns 
in calcspar and aragonite; and also occurs as granular limestone ; and in compact 
masses, as in common limestone, chalk, &c. 

Stalactitic carbonate oflbne^ frequently called concretionary limestone, is formed by 
the infiltration of water tbrougli roc-ks contiiining lime, which is dissolved out, and as 
it slowly percolates the rocks into cJivernous o])enings, the water ])arts with its carbo- 
nate of lime, which is deposited in zones more or less undulated, which have a filu’ous 
structure from the crystalline character of the concretionary lime. The long fibrous 
pieces called stalactites show tliose fibres very' beautifully. The stnitiform masses 
called stalagmites exhibit a similar structure, varied only l^y the conditions under 
which they are formed. A very remarkable stalagmitic limestone found in Egypt is 
known os oriental alabaster. 

3Viie Jlabastcr is a sulphate of lime, but the stalagmitic carbonate is not unfre- 
quoDtly called by this name. See Alabaster. 

fyenuHn^ concretionary liTnestones differ but little from ihe above. They arc deposi t s 
fi*om caleareons springs which are common in some parts of Derbyshire, Yorkshire, 
and other places. It is a common practice to place vegetablo substances in tliose 
springs ; they then become incrustod with carbonate of lime, and are sold as petrifac- 
tions, which they are not In volcanic districts m,any very remarkable springs of 
this character exist One of the most remarkable is at the batlis of Han Filipfjo, 
in Tuscany, where the water flows in almost a boiling state ; carbonate of lime hero 
appears to be held in sointion by sulphuretted hydrogen, which flies off when the 
water issues to-day. Dr. Vegny has taken advantage of this property of the spring 
to obtain basso-rilievo flgores of great whiteness and solidity by occasioning the lime 
to depoi^ in sulphur moulds. 

jfyaric ndneral, spongy lirneetonet Bock milk^ is found at the bottom of and about 
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lakes whoso waters are impregnated with lime. The calcareous tufa of Derbyshire 
is of this character ; it may be studied in every stage of formation, 

Travertino^ which served to construct most of the monuments in ancient Borne, 
appears to have been formed by the deposits of the Anio and the Solfatara of Tivoli. 
The temples of Psestum, which are of extreme antiquity, have been built with a trover^ 
tino, formed by the waters which still flow in this territory. 

Compact livicsione has a compact texture, usually an even surface of fracture, and 
dull shades of colour. ^ 

Granular limestone includes common statuary and architectural marble, and has a 
texture something like loaf-sugar. Under those two heads are grouped a great number 
of varieties. ^ ^ 

Oolite or roe-stone consists of spherical grains of various sizes, from a millet seed 
to a poa, or even an egg. 

Coarse-grained limestone. Coarse lias has been referred to this head. 

Marly limestone, L.ake- and fresh-water limestone formation ; texture fine-grained, 
more or loss douse ; apt to crumble down in the air ; colour white or pale yellow ; 
fracturo rough-grained, somewhat conchoidal ; rather tenacious. Texture occa- 
sionally cavernous, with cylindrical winding cavities. This true limestone must 
not be confounded with lime marl, which is composed of calcareous matter and 
clay. 

Siliceous limestone. A combination of silica and carbonate of lime, varying 
very much in the proportions, and sometimes passing from cherty limestone into 
chert. It scratches steel, and leaves a siliceous residuum after the action of muriatic 
acid. 

Stinkslone or Swinestone, A carbonate of lime combined with sulphur and 
organic matter. It omits the smell of sulplmretted hydrogen by a blow or by 
friction. It occurs at Assynt, in Sutherlandshire, in Derbyshire, and some parts of 
Ireland. 

Bituminous limestone. Limestone containing various hydrocarbon compounds, 
diffusing by the action of fire a bituminous odour, and becoming white when 
burnt. 

Limestones of whatsoever kind may be referred to deposition effected by chemical 
change. The immense lapse of time required to form the groat limestone ranges of 
this country can scarcely bo estimated. 

Oolitic limestone includes Bath stone, Portland stone, and Caen stone. 

Pisolite is a variety of oolite, in which the concretions become as largo as peas. 

^ummulitic limestone, Clymenia^ Crinoidal, or Encrinital limestones, &c., are so 
called from the fossils which the rock contains. 

Shell-limesto?ic or Musclielkalk has its name in the same way from its composition. 

Cipolino is a granular limestone containing mica. 

Majolica, a white and compact limestone. 

Scaglia, a rod limestone in the Al])S. 

Se»! Alahastku; Chalk; IIyukaulic Ckmknt ; and Marble. 

ZiZMSSTOXTE, MAaXO'ESZaxa' (Polomie, Pr. ; Bitterkalk, Talkspatk, Gcr.), 
is a mineral which crystallises in the rhomboliedral system. Spec. grav. 2*88; 
scratches calc-spar ; docs not fall sponUineously into powder when calcined, as com- 
mon limestone does. It consists of 1 equivalent of carbonate of lime = 50, asso- 
ciated with 1 of carbonate of magnesia = 42. 

Massive maqncsian limestone is yellowish-brown, cream-yellow, and yello'wish-grey ; 
brittle. It dissolves slowly and with feeble effervescence in dilute muriatic acid ; 
whence it is called Calcairc lent dolomic^ by the Preuch mineralogists. Specific gravity, 
2-6 to 2*7. 

Near Sunderland it is found in flexible slabs. The principal range of hills com- 
posing this geologicjil formation in England, extends from Sunderland on the north- 
east coast to Nottingham, and its bods are described as being about 300 feet thick on 
the east of the coal-field in Derbyshire, which is near its southern extremity. — W. B. 
See Dolomite. 

&ZMB TUBS {Tilia Europcea), The well-known linden tree, common to all 
Europe. The wood is very light-coloured, fine and close in the grain, and when 
properly seasoned, not liable to warp. It is much used in the manufacture of piano- 
fortes and harps. It is made into cutting boards for curriers, shoemakers, as it 
does not turn the knife in any direction of the grain, nor injure the edge. 

Lime-tree wood is especially useful for carving, from its even texture and Ikesdom 
from knots. The beautiful works of Gibbons at Hampton Court, at Windsor, and at 
Chat sworth , axe executed in lime-tree wood, us are also tlie works of BogsrS. 

unnrzTa. A name applied to certain varit?ties of hydrous peroxicle of iron, 
having the composition — Fe‘0*.3H0 (re®0*.3H*0). Some kinds of bog iioiMnsand 
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«taketitie bfown ifon-ore may come under this denomination. The name ia derived 
from (/imne), a marsh. 

MHOCTS B yAlfM. See Enamels. 

XlMEinRTJiL A hydrous peroxide of iron of the composition — 2Ee’0.*3H0 
(2VeHH«8M*0). It includes most of the bog iron-ores and the so-cAlled brown hfiemn- 
titee. The name is derived from Xtifiav {leimdn\ a meadow. See IiioN. 

3LIWA9Unrau A hydrous sulphate of copper and load, occurring in beautiful 
dark blue crystals at Leadhills in Lanarkshire, and at several localities in Cumber- 
land. It takes its name from Linares in Spain. 

{UVlNUr TKML See Lime Tree. 

3bmv« Histoiy does not state at what period of the world’s existence the 
manufacture of cloth from flaxen material was first introduced; hut from many 
evidences found in Egyptian mausoleums the process of weaving must have been known 
and practised even before the great shipbuilder laid the first planks of his famous Ark. 
Throughout the pages of Sacred Writ the allusions to ‘fine linen,’ ‘l»roidered limu.’ 
and the fancy styles of the fabric as they wore brought out weftod with gold threads 
and coloured yarns, show tliat in those days the clothing of princes, priests, and 
people was largely composed of tlie difterent qualities of such material. In ancient 
Greece the embroidering of linen robes was delighted in as a popular pastime by tlio 
ladies of high degree, and the Romans of old were no less fond of the manufacture. 
But all their fancy goods were not furnished by the noodle alone. Homer alludes to 
his famous heroine weaving pictures in the loom, and other productions similar in 
pattern to the damask of m^ern days were worked by the sliut.tle in ancient Greece. 

The use of linen was pretty general in the higher circles of society in the Hritisli 
isles at a very remote period; but all the finer varieties of the fabric were imported 
from the continent of Europe. "Woollen goods formed the principal material for inner 
as well as outside clothing of the jxtople on l)oth sides the Twe(‘(l in the fifth century ; 
but even then linen wiis considered an essential reqnisiU' for spei-ial purposi'S, an l 
particularly for wrapping the bodies of the dead. Weaving was cultivated by tht; 
more skilful peasants for a long }>eriod afterwards ; but it docs not appear that .any 
high order of work liad been produced until the reign of Henry 111., when a number 
of Flemings brought over by that monareh settled in Sussex and introdneed a very 
superior make of linen. We have only slight allusions in after history respecting the 
progress of the trade either in England, .Scotland, or Irelainl. I’lie yarns, at least 
those of the upper counts used in Sussex and I.4incashirc were imported from 
Holland, Flanders and Ireland. A high authority — Leland — in alluding to th<f 
Liverpool trade says: ‘ Irj’sh mendiantes doe cum muelio heyre witlio linnen yarne, 
the whiche Manchester men doe bye.’ King William trit?d to give greater inqnilse to 
the trade in England, but somehow the pride of the people in manufacturing districts 
to uphold woollen, ‘the noble and national fabric,’ stood in the way ; and while royal 
patronage did immense good in Scotland and Ireland, it liad little eflTect in England. 
Sam Homespun’s calculations relativ<* to llie value of a single acre’s produce of fi;jx 
when spun and woven were made in 1742, and given at. length in the leading magazine 
of that day: but man’ellous as they were, so fares referred to the profits which 
might be made in the linen manufacture, tlic subject was not taken up in tlu* .‘>pirir 
intended by that writer. Short ly afteni’ards the disco^'erie6 of Hargreaves, Arkwright , 
and others, and tlie enterprise created therely in the cotton twide o]X‘ned up n(*w 
avenues in the manufacturing world of England ; farmers there gradually decreased 
the area of flax culture; and, except in few localities, linen weaving no longer occu- 
pied any large space in the republic of lalK>ur. 

In meantime very great progress had been maintitined in the manufacture c>f 
linen in Scotland and Ireland, liounties and other artificial stimulants were freely 
administered by the State ; a Board of Trustees for tv^otland sat in Edinburgh, and 
local influence was largely used to give cjflfect to the movement for improving tlu- 
mannfiEUSture. The Bounty Act became law in 1742, and in the course of that year 
4,431,500 yards of linen were stamped by tlie iiisjKJClors a]>pointed for that purp)se. 
Twelve years afterwards, and when the bounty system was given uj), the tuni out oi 
goods had increased to 8,914,400 yards ; in 1800, 24, 2.36, 030 yards were produced and 
stamp^ by the inspectors; and in 1822 there was a total of 36,268,330 yanls of linen 
made in «iotland. The introduction of flax spinning by mc‘ehanieal power and of 
weaving linen on the steam-loom principle, made a remarkable change in the Scotch 
trade. Dundee had long been the great centre of the flaxen manufactures, and of 
late years it has taken the lead in the Jute trade. Tw^enty-five years ago the imports 
^ Jute into Dimdeewere 12,500 cwts. ; in 1863, 46,900 cwts. were landed there ; and 
cf the total import of 2,583,842 cwts. for the six months ending June 30, 1874, a large 
woportion went to Dundee. The capital employed in that town and neighbourho^ 
li m iiX and Jute trades cannot at present be under five and a half millions sterling. 
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IrelancVs linon trade w&s ite great sheet anchor in times the records of whidi have 
been lost in the mist of ages. Long before the reign of William the Conqueror Irish 
linen occupied a largo space among the wares exposed for sale at the great Mrs of 
England. The looms used in the make of goods were, however, of very primitive con- 
struction ; and, until the semi-regal reign of Wentworth, Earl of Strafford, no effort 
had been made to improve those machines. In course of a tour through Ulster that 
viceroy saw that much was required to place the Irish trade on sometliing like equality 
with their Erench and Dutch competitors. He had already, by importing superior 
flax seed and giving it at cost price to the farmers succeeded in crefiting, as it were, a 
higher class of fibre, and at considerable cost he brought over from Holland some 
hundreds of looms, all of which he distributed among the more ambitious class of 
weavers. 

The trade at that time may be said to have been a local one, as the total annual 
value of linon exports did not exceed an average of 10,000A, and that aggregate 
had not increased in any groat degree when the first batch of Huguenot exiles landed 
in Ireland. How much the Prince of Orange contrilmted towards the establishment 
of a now system of flaxen manufacture has still to bo acknowledged by the people of 
that country. He was the warm friend of the Gallic fugitives, and his kindly feeling 
towards those victims of persecution led to the most important results in all depart- 
ments of the Irish trade. Wo have alluded to the value of exports in 1690. In 1706 
the quantity of linen sent from Ireland was 530,900 yards, valued at \Qd. a yard. 
In 1726 there were 4,368,396 yards exported ; and in 1766 the account had ran up to 
17,892,000 yards, while the average value had arisen to \6d. a yard. Forty years 
afterwards, Ireland exported 43,534,000 yards of linen, and in 1836 the export was 
60,000,000 yards. 

Up to this time, and for a great many years afterwards, all the linen produced in 
Ireland had been woven by hand. Considerable impulse was given to the trade by 
the introduction, a few years before, of flax-spinning by steam-power. Still, although 
flaxen goods were largely produced in Kirkcaldy and Dundee on the power-loom 
principle, no attempt had been made to bring out the now weaving-machine in Ireland. 
We here give two figures of the loom as constructed some years ago for the working 
of lieavy linen. 

Fla-x Wkavino Loom for Heavy Fabrics. — &.Kk.figs, 1390, 1391, frame of loom; 
B, beam on which the yarn for warp is wound ; c, cloth-receiving beam ; d, driving 
pulleys and fly-wheel ; k, hand rail for supporting the reed ; f, swords of supports of 
going part ; o, picking sticks for dri\*ing the shuttle ; h, leather straps for connecting 
tlio picking sticks with their actuating levers l; m, x, jaws of a clamp to cause the 
retaining friction on the 
collars of the beam b, by 
which friction the quantity 
of weft is rcgulatetl ; o, 
end of lever, bearing the 
weight by which tlio jaws 
are brouglit togethiT ; p, 
lever, keyed at one end to 
the upriglit shaft q, and 
connoctotl with the other to 
the fulcrum of the weighted 
lover t) ; n, lever, one end 
of which i.s also keyed to 
the upright shaft q, and 
the other is provided with 
a wood sole, and is pressed 
by a strong B})ring against 
the yarn w’ouud upon the 
beam b. It wdll be seen 
that, as the yarn is taken 
off the beam b, and its 
diameter consequently re- 
duced, the lever p moves 
the lUlcrum of the weighted 
lever o, and thus regulates 
the pressure upon the 
clamps M and x, causing 
an equal tension upon the 
yarn from the full to the 
empty beam ; a, treddles, actuated by the cams 5, dxiyen by the irheels from the 





tion to the ordinary stopping arrangement connected with the shuttle, one also for 
relaxing the reed in ease the shuttle sliould be arrested in ita course across the warp, 
whereby the danger, ordinarily incurred by that accident, of breaking many tlii-eads 
in the W'arp is avoided ; it will also be seen that the bands called picking bands arc 
superseded by the ends of the j)icking levers striking tlie shuttle direct: thus, by tliesc 
improvements, drills are currently woven in tliis loom at the rate of 120 to 130 picks 
per minute. 

About a dozen yejirs since extensive trials were made to adapt the jKJwerdoom to 
the weaving of light linen fabrics. Previously it liad been found that Mliile coarse 
and strong flax fabrics, such as those made at Puadet . Ar]>ro.itli, &c., in Scotland, 
and the drills made at Ilarnslcy, could l.o produced by ]H)\ver us well and more cljcaply 
than by hand, yet that the lighter fabrics, such as sbiriings. cambrics, lawns, 
would not bear the strain of the })ower-loom, or, at all eveuLs, that to make them of as 
good appearance aa by the hand-loom the manufacturer r. quired to employ a dearer 
article of yarn, and so found that he could not compete v ith his neigli hours who liad 
hand-loom weavers. 

Irish manufacturers were for a long time very hard to convince that, except for the 
production of seta, say from 8*" to 12“. tlie steam-driven l(x)m was not likely to bo 
worked eucoesafully. But at length the. increasing demand lor linen, and the difficulty 
of procaring hands to work on the ordinary loom, forced capiulists to .adopt the new 
mode of prcdoction, and rapidly did the system extend when it was found not only to 
equal, but far exce^ that which had been expected from it. Hand-loom weaving, in 
coarse, heavy linens, was a labour that required more than average strength, and yet, 
when it wa* maintained for fourteen hours a ffiiy, the operator did not earn as much 
as a factory worker can now realise by his ten hours’ labour. Many linen w'eavers, 
as demand for hands increased in other sections of industry, forsook the loom, and the 
only alternative manufacturers had w^as the substitution of the iron machine and tlie 
steam-engine for the old wooden loom and the haud-we;iver. 

In 1S57 there wore only 80 power-looms at work on linen weaving in Ireland, in 
1860 theK were 4,000, in 1666, 10,000, and in 1872, about 15,500 power-looms wore 
engaged in the trade. Some of these machines work up to 16“. In one brntory an 
18 ** linen has been produced by the steam loom, but such high sets can hardly bo 
made with profit. Damasks, diapers, and cambric handkerchiefs, are Irougiit out in 
the best style, of course, up to certain sets on the same principle, but the upper class of 
uracit m only be rightly done by hand. In fact, the pructit^ limit to steam produc- 
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tion of linens has been found to be the wearing of a I6"-web ; any fabric abore that 
* set * cannot well be brought out by ‘ power/ so as to compete with the hand-loom work. 

The improvements recently efifoctod in the make of the steam loom have nearly all 
been favourable to the operatives. Stronger and better htted-up machines are now 
seen in factories ; for instance, a loom which a dozen years ago, and constructed for a 
certain class of work, weighed 15 to 16 cwts., would now be brought out so much 
heavier as to weigh 17 to 18 cwts. One effect of the improvement in gearing is to 
give the workpeople greater facility of production ; they get through their labour -mih. 
more ease, and the quality of cloth is decidedly better. In the last case, however, we 
must add that the superior class of yams now thrown off the spindles has had much 
to do with the order of fabric made in 187*1, compared with that brought out in 1863. 
And while thus alluding to the improvements in machinery, we must not forget to 
add that the better mode of ventilation in mills, the care taken as to sanitary regu- 
lations and the regularity of labour, have been producing a very gratifying change on 
the physical aspect of the people connected with public works. Contrasted with the 
aj)pearanco of the hand-loom or factory weaver of half a century since, that of his 
successor in the present day shows a marvellous advance in social position as well as 
in bodily stamina. 

Exports of Linen^ 1872. 


Linen Yam: 



lbs. 

£ 

To Norway 



266,260 ■ 

25,655 

„ Denmark 



708,577 

72,791 

,, Germany 



6.327,028 

624,499 

„ Holland 



4,538,841 

273,322 

„ Holgium 



986,078 

97,465 

„ France 



1,677,361 

126,700 

„ Spnin and Canaries . . , 



11,882,108 

650,053 

,, It<lly • • a . • 



2,110,300 

140,579 

M F.gypt 



300,630 

20,069 

„ United States : Atlantic . 



1,617.946 

53,317 

„ Other countries . 



711,922 

47,621 

Total , 

• 

• 

31.187,051 

2,131,071 

Linen Piece Goods — Plain^ Vnhleachedt or 
likached : 


yards 

£ 

To Sweden ..... 



1,214,426 

36,471 

„ Gi-rmany 



6,532,256 

266,184 

„ Holland 



1,000,617 

42,779 

,, France 



4,429,502 

176.485 

„ Portugal, Azores, and Madeira . 



1,559,740 

48,341 

„ Spain and Canaries . . 



2,397,794 

139,333 

», Italy 



2,556,070 

126,215 

„ Turkey Proper .... 



1,470,290 

45,226 

.. Bgypt 



1,527,060 

49,437 

„ United States : Atlantic . . 



115,462.840 

3,526,584 

„ „ „ Pacific 



1,412,340 

29,942 

„ Foreign West Indies . 



37,410,503 

988,736 

„ Mexico 



2,367,500 

79,406 

1 „ United States of Colombia (New Granada) 

6,268,739 

204,827 

„ Venezuela 


• 

1,671,532 

43,899 

„ Peru 



1,833,490 

51,232 

u Chili 



2,248,320 

70,604 

„ Brazil 



9,977,789 

1 284,060 

„ Uruguay 



1,260,500 

36,089 

„ Argentine Republic . 



4,900,400 

139,983 

„ British Possessions in South Africa 


• 

1,627,027 

61,486 

30.316 

„ Hong Kong .... 


• 

723,539 , 

„ Australia .... 



7,613,280 ^ 

255,656 

„ British North America 



5,443,111 . 

161,265 

„ British West Indies and British Guiana 


4,098,804 

100,988 
. 247,294 

„ Other countries . . • 

• ‘ 


6,830,829 . 

Total . • 

• 

• 

233,838,338 

7,241,338 
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Checktdi FrinUdt or Dyod^ and Damasks and 
Diapers: 

yards 

£ 

To Franco 

S24,680 

12,839 

„ United States : Atlantic .... 

1,390,020 

64,316 

It it »» Facific «... 

2,500 

61 

„ Foreign West Indies 

2,608,341 

65,769 

tf Mexico ....... 

460,400 

12,351 

•t United States of Colombia (New Granada) 

454,746 

12,683 

„ Braal 

158,900 

7,258 

„ Argentine Bepnblic ..... 

97,260 

3,820 

Australia 

619,100 

20,316 

,, British North America .... 

102,409 

.3,358 

^ British West Indies and British Guiana . 

820,180 

8,838 

,, Other countries 

869,404 

31,127 

Total .... 

7,397,940 

233,736 

Sail’Chih and Sails: 

yards 

£ 

To Norway 

321,652 

25,240 

„ Denmark ....... 

247,788 

14,886 

Germany ....... 

699,660 

36,637 

„ Turkey Proper 

„ Unitea States : Atlantic .... 

130,920 

7,637 

323,646 

10,653 

„ „ Pacific .... 

12,300 

587 

,f Brazil ....... 

121,306 

7,132 

„ Argentine Republic 

50,370 

2,505 

„ Channel Islands ..... 

68,360 

3,305 

„ British Possessions in South Africa . 

179,543 

9,909 

„ British India, Bengal, and Burmah . 

110,600 

6,404 

„ Hong Kong 

101,110 

6,919 

„ Australia 

191,550 

11,589 

„ British North America .... 

702,434 

41,713 

„ British West Indies and British Guiana . 

06,490 

3,955 

„ Other countries 

645,407 

30,291 

Total • • • . 

3.783,126 

265,291 

Thread /or Sewing: 

lbs. 

£ 

To Russia 

91,875 

11.488 

„ Sweden 

75,182 

10,247 

„ Germany 

247,467 

31,067 

„ Holland 

85,765 

11.594 

„ Spain and Canaries 

87,326 

8,392 

„ Italy . 

28,054 

3,906 

„ Austrian Territories 

72,845 

9,647 

„ Turkey Proper 

76,089 

7,976 

„ United States : Atlantic .... 

1,296,823 

162,189 

„ „ tt Pacific .... 

1,020 

144 

„ Foreign West Indies 

62,018 

3,991 

„ Brazil 

48,200 

6,365 

„ British North America .... 

226,222 

24.214 

H Other coantries . . . • • . 

252,846 

27.357 

Total • • . « 

2,641;732 

317,666 

Mamtfaetures unenumerated: 


£ 

To Kussia *•••••• 

... 

12,902 

tt Germany ..•••*. 

... 

40,193 


... 

12,426 

H Belgium 

... 

16,614 



18,744 

# 

Canied fonmxd • • • 

*«• 

100,779 
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Brought forward . 

yards 

100,779 

To Portugal and Madeira .... 


2,750 

„ Spain and Canaries . . . • . 


5,620 

Italy 


5,159 

„ United States : Atlantic .... 


13,051 

,, „ ,, Pacific .... 


35 

„ Foreign West Indies .... 


14,111 

„ United States of Colombia (New Granada) 


4,632 

„ Brazil 


3,909 

„ Argentine Eepublic 

1 

4,488 

„ Australia 


13,018 

„ British North America .... 


6,379 

„ Other countries 


33,828 

Total .... 


207,759 1 


XiXSrarJBlTB* A sulphide of cobalt) named after the Swedish naturalist) Linn^ 
(Linnaeus). See Cobalt. 

XZirSXBXI. {Graine de lin,Vt.) Leinsanw^ Ger.) The seed of the flax, Linum 
usitatisdmum, w'hich is indigenous to our islands, and is cultivated extensively in this 
and other countries for its seed, and for flax. Linseed contains in its di^ state, 11*265 
of oil ; 0146 of wax ; 2 4808 of a soft resin ; 0 o50 of a colouring resinous matter ; 
0‘926 of a yellowish substance analogous to tannin ; 6*154 of gum ; 15*12 of vegetable 
mucilage ; 1*48 of starch ; 2*932 of gluten ; 2*782 of albuminc ; 10*884 of sficcharine 
extractive ; 44*382 of (mvelopes, including some vegetable mucilage. It contains also 
free acetic acid ; some acetate, sulphate, and muriate of potash, phosphate and sulphate 
of lime ; phosphate of magnesia ; and silicB. 

XtZXrszSB OXXi is obtained from linseed by first bruising the seeds, grinding them, 
and subjecting them to violent pressure, either by means of wedges, or of the hydraulic 
or screw press. Cold drawn linseed oil is obtained cold, and is paler coloured, less 
odorous, and has less taste tlinn tliat which is obtained when heat is applied. 

It is usual to employ a steam heat of about 200® Fahr. By cold expression the seeds 
yield about 20 per cent., while by the aid of heat nearly 27 per cent, of oil can 1)6 
obtained. The ultimate composition of linseed oil is carbon 76*014, hydrogen 11*351, 
and oxygen 12*635; its proximate constituents being oleic and margaric acids, and 
glycerine. Linseed oil is much used as a vehicle for colours by the painter. If 
linseed oil is exposed in a thin coat to the air it absorbs oxygen and becomes tenacious, 
and in many respects like caoutchouc : upon this property mainly depends its use in 
the arts. To secure this more readily a drying process is adopted, w’hich must be 
described. 

When linseed oil is carefully agitated with acetate of lead (tribasic acetate of lead), 
and the mixture allowed to clejir by settling, a copious white cloudy precipitate forms, 
conUiining oxide of lead, whilst the raw oil is converted into a drying oil of a pale 
straw colour, forming an excellent varnish, which, when applied in thin layers, dries 
perfectly in twenty-four hours. It contains from four to five per cent, of oxide of 
lead in solution. The following proportions apjxjar to be the most advantageous for 
its preparation : — 

In a bottle containing 4.1 pints of rain water, 18 ounces of neutral acetate of lead are 
placed, and when the solut ion is complete, 18 ounces of litharge in a very fine powder 
are added ; the whole is then allowed to stand in a moderately warm place, frequently 
agitating it to assist the solution of the litharge. This solution may bo considered as 
complete when no more small scales are apparent. The depo.sit of a shining white 
cefiour (sexbasic acetiite of lead) may be separated by filtmtion. This conversion of 
the neutnil acetate of lead into ■\'iuegar of lead, by means of lithaige and water, is 
elTected in about a quarter of an hour, if the mixture be Iieatcd to ebullition. When 
heat is not applied, the process will usually take three or four days. The solution of 
vinegar of lead, or tribasic acetate of lead, thus formed, is sufficient for the preparation 
of 22 lbs. of drying oil. For this purpose, the solution is diluted with an equal volume 
of roin-water, and to it is gradually added, witli constant agitation, 22 lbs. of oil, with 
which 1 8 ounces of litharge have previously been mixed. 

When the points of contact between the lead solution and the oil have been fre- 
quently renewed by agitation of the mixture three or four times a day, and the mixture 
allowed to settle in a warm place, the limpid straw-coloured oil rises to the surface, 
leaving a copious wMtish deposit. The wateiy solution rendered dear by filtxationc 
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eootains jntact all the acetate of lead first employed, and may ho used in the next 
operation, a^r the addition to it as before of 1$ ounces of lith.'irgu. 

^ filtration through paper or cotton the oil may bo obtained as limj>id as water, 
and by exposure to the light of the sun it may also be bleached. 

Should a drying oil be required absolutely free from load, it may be obtained by 
the addition of dilute sulphuric acid to the above, when, on being allowed to stand, 
a deposit of sulphate of lead will take place, and the clear oil may be obtiiinecl free 
from all trace of lead. 

^ Linseed oil was at one time much used in the preparation of a liniment, which, as 
It 18 one of the very best possible applications to a burnt surface, cannot Ix^ txx) 
generally known. If equal parts of limewatcr and linseed oil are agibiUd togetlier, 
they form a thick liniment, which may be applied to the burn wdtli a brush or 
feather. It relievos at once from pain, and forming a pellicle, protects the abraded 
parts from the air. The Linmcntnm calcis of the I*harmacopa;ia is equal parts of 
limewatcr and olive oil ; this is a more elegant, but a less effective proparntion. 
See Oil. ^ ^ 


XJWT for Surgery, was formerly prepared by scraping up linen by the hand ; the 
preparation of it, howover, has been made the subject of a patent by Mr. Thomas Koss, 
whicli consists in the employment of peculiarly constructed scrapers for abrading tho 
surface of the linen cloth, and producing a pile or nap upon it. The scrapers 
are worked by a rotary motion. 

Instead of rotary scrapers, a reciprocating pendulous movement is sometimes applied 
to a single scraper. Chisel-formed blades are claimod l)y the patentee as scrapers for 
raising the pile, by working with the bevel edges forwards, so as to scrape and 00 ,*: 10 
cut tho fabric. lie has in the rotary form a lodge or bod concentric with tho axis of 
the scraper, which he also claims ; both of which seem to l>o serviceable. Several 
kinds of lint-making macliinos are now employed, but as they all p<artakc more or less 
the above principles they do not require description. 

XiZQirATZOX’ (Eng. and Er, ; Saig/rung, (Icr.) is the process of sweating out, 
by a regulated heat, from an alloy a more easily fusible metal from the interstices of a 
metal which is more difficult of fusion, licad and antimony are the metals most com- 
monly subjected to liquation : lead for tlic purpose of removing by its superior affinity 
the Sliver present in any complex alloy; aniimony ns an easy means of separating it 
from Its combinations in the ores. 

Fw. 1392, 1393, 1394, represent the celebrated antimoninl liquation furnaces of 
Malbosc, in the department of .\rcleche. in France. /VV/. 1392 is a ground plan 
taken at the level of the draught holes g g,fg. 1393, antlof tln^ dotted line k f ; fiq. 
1393 is a vertical section through the dotted line a ]». of fig. 1392 ; and Jig 139i is ,i 
vertical section through the dotted lino c i> of fg. 1392! In tlie three figures, tho 
same letters denote like objects, a, h, c. arc three grates upon the same level above 
the floor of the works, 4^ feet long, by 10^ inches broad; between which are two 


2392 rectangular galienes. d e, whiclj pass trans- 

versely through llio whole fiirnaiv, and lie at 
a level of 12 inches above the ground. Tluy 
are scpjirated by two walls from liie three 
fire-place.s. The walls liave tlireo o}>enings, 
f g h, alternately j)laced for the flam(‘s to 
play through. The ends of theses galUriesare 
shut in with iron doors i /, contniiiing peep- 
holes. In tiach gallery are two conical cast- 
iron crucibles I- k, into which llic eliqmting 
sulphuret of antimony drops. Their height 
is from 12 to 14 inches; the width of the 
mouth is 10 inches, that of the b(»ttom is 0, 
and the thickness four-tenths of an inch. 

. , , - . nre coated over with fire-clay, to pre- 

ymtthe snlphuret from acting upon them ; and they stand upon cast-iron pede.wtald 
with projecting ears, to facilitate their removal from the gallery or idatfonn llot li 
of these galleries are lined with tiles of fire-clay I /, whicli also serve as supjiorts to 
the ^cal liquation tubes m ni, made of tlic same clay. ^J'he tiles arc somewhat 
curved to^rds the middle, for the purpose of receiving tho lower e.nds of these 
tubes, and have a small hole at n, through which tho liquid sulidiuret flows down into 
the crucible. 



diameter nt top boing 10 indies, at bot- 
. “"8“ tnlly 40 inebet, amt the thickness six-leiitlis of an indi. Tin y liuvo 

M ly y tomer wds notefaes or »»ta, o,fy. 1*94. from 3 to 6 inches long, wliidi lo<ik out- 
9WW, *0 Bake then ncognuhle fron the front and back port of tho funwcua through 
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§mall conical opcnitigB p p, in tlio mils. These are closed daring the operation with 
clay stoppers, and arc opened only when the gangue, rulddsh, and cinders are to be raked 
out. The liquation-tubes pass across the arch of the furnjice, q q, the space of the arch 
being wider than the tubes ; they are shut in at top with fire-covers r r. 9 8, the 
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middle part of tlio arch, immediately under the middle grate, is barrel-shaped, so that 
both arches arcj abutted together. The flames, after playing round about the sides of 
the liquation-tubes, puss ofl'tlirongli three optmingsand lines into the chimney about 
13 feet high; being the one opening, and f, the two others, which are provided 
with register-plates. In front of the furnace is a smoke-flue, w, to carry ojfF the sulphur- 
ous vapours exhaled during tlio clearing-out of the rubbish and slag; another, ar, 
begins over ^ y, at tlio top of the tubes; a wall, c, separates the smoko-flue into 
halves, so that the workmen upon the one side may not bo incommoded by the fumes 
of the other. This wall conmets at the same time the front flue, w, with the chimney 
t. a a' and // // are iron and wooden bearer beams and rods for strengt-hening the 
smoko-flue, c' c' aro arches upon lioth sides of the furnace, which become narrower 
from w’itbout inwards, and are closed witli w’ell-flrted plates d' d\ They serve in 
particular circumstances to allow the interior to bo inspected, and to see if either of 
tho liquation-furnaces be out of order. Each tube is charged with oOO lbs. of anti- 
nionial ore, previously warmed ; in a sliort time the sulphuret of antimony begins to 
flow off. When the liquation ceases, the ciuder.s are raked out by the side openings, 
and the tubes are charged afresh. Tho luted iron crucibles are allowed to become 
three-fourths full, aro then drawn out from the galleries, left to cool, and emptied, 
Tho ingot weighs about 85 lbs. The avenige duration of the tube is 3 weeks. This 
plan is proved to l>e an exceedingly economical one. 

XiXQUBURS, XiZQUORZSTB. Names given by thoh ronch, and adopted into our 
language, to denote cerbiin aromatic alcoholic cortlials, and to the manufacturer of them. 

Some liqueurs arc prepared by infusing the woods, fruits, or flowers, in either water 
or alcohol, and adding thereto sugar aiivl colouring matter. Others aro distilled from 
the flavouring agents. 

Many of the liqueurs arc of vei^’ compound character, as the following recipes will 
show ; — 

Martinique Koycau. — Put into a stone jar, 


Preserved guavas and their syrup, or tho jelly of that fruit . i lb. 

Oil of sweet almonds 1 oz. 

Sweet almonds, beaten fine 1 !!>• 

Bitter „ 1 

Preserved ginger and its syrup 2 

Cinnamon and cloves (bruised) of each 4 

Nutmeg and Pimento „ i 

Jamaica ginger „ h 

Candied lemon and citron, of each . . • • • .• 1 

White sugar-candy (powdered) H 

Proof spirit of wino fjiwrtg* 
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Beat the oil with a little brandy, and mix it with the almondf?, wlion b^tcn to a 
paste with orange-flower water. Stop up the jar securely, and lot it remain in a warm 
room, or in the sun, shaking it often, for a fortnight Keep it in the jar for twelve or 
fifteen months ; then strain it, and filter repeatedly until it is as clear ns spring "'^ten 
Binse phials or half-pint bottles, with any wdiite wine, drain them and fill. Cork 
and seal well. In six months it will bo fit for use, if required, but will improve 
greatly by age, — Bobinson, 

'jTtars of the Widow of Malabar. — To ten pounds of spirit (pale brandy), ndu 4 
pounds of white sugar, and 4 pints of w'ater, adding 4 drachms of powdered cinnamon, 
48 grains of clores, and the same quantity of mace ; colour with caramel, 

2»e Siphs of Love. — Spirit, water, and sugar as above. Perfume with otto of rosc.«, 
and slightly colour wdth cochineal. 

Absinthe. — Take of the tops of wormwood, 4 pounds, root of angelica, calamus 
aromaticus, aniseed, leaves of dittany, of each, 1 oz. ; alcohol, four gallons. 

Macerate these sul)stancc.s during eight days, add a little water, and distil by .a 
gentle fiire until two gallons are obtiiincd. This is reduced to a proof spirit, and a 
few drops of the oil of aniseed added. See Absinthk. 

These forms exemplify the charjictcr of all kinds of liqueurs. They are coloured 
yellow by the colouring matter of carthamus; fawn is produced by caramel ; red, by 
cochineal; violet^ by litmus, or archil; blue, by the sulphate of indigo; preev. by 
mixing the blue and tlie j’cllow together. 

Batajia is the generic name, in Prance, of Honours comj'tounded with alcohol, 
sugar, and the odoriferous or flavouring principles of vegetables. Bruised cherries 
with their stones are infused in spirit of wdne to make the ratafia of Grcnoblf' dr. 
Tryssh^. The liquor being boiled and filtered, is flavoured, wlicn cold, witli spirit, 
of made by distilling water off the bruised bitter kernels of apricots, and 

mixing it with alcohol. Smi)» of bay laurel and galango are also added. 

liXQirZBAMBjUK. A balsjim ol»taincd from the Lifjaidambar sipracijliia. a 
native of North America. 

UqirZB STOKAX. The produce of tlu; Liqnidamhar vricniaU, 

U^VOUCi: {Glycyrrhlza plahra ; from yXvKvs. swed. and *1 root. The 
root only is employed ; these roots are thie.k, long, and running dei p in the ground. 

Besides the use of liquoric roots in medicin<‘, they are al.M> einjdoyed in 
and are pretty extensively grown for th(?se pur}»ose.s in some ])arts of Ji^iigland. Liquo- 
rice requires a rich, deep, dry, sandy soil, which, previous to forming a new ]*lant i- 
tion, should be trenched to the depth of about 3 feet and a liberal amount of manure 
regularly mixed with the e,^i.rtli in trenching. The plants which are procuntl ly 
slipping them from those in old plantations are, either in February or Marcli, dib}>l«tl 
in rows 3 feet apart, and from 18 inches to 2 feet in the row. Tliey ri*quire tlireii 
summers' growtli before being fit for use. when the roots are obtained by retreneliing 
the whole, and they are then stored in sand for their preservation until rw^uired. — 
Peter Lawson. 

Large quantities of extract of liquorice-root are jm}>orU*d into this country under 
the name of Spanish or Kalian Juice, acconliiig ;is it comes from one peninsula or tlie 
other. 'Whilst the .S])anish juice is yielded ly (j. g/rt/>rn', it is s;iid tliat the Italinn 
liquorice is prepared from G. (ckinnia. Jaquorice juiec contains an iincrystallisiiblo 
sugar called Glycyrrhizin or JAqmriee Sugar. 

UAOCOirZTS. A hj'drous arsenate of copper. occuiTing in sky blue crvstala. 
It was formerly found in some of the Cornish cop]>er-niines. 

ZiZTHAJtOZ (Png. and Fr. : Gliitte. Ger.) is tlie fused yellow’ protoxide of lead, 
which on cooling pas-ses into a mass coihsi.sting of .small six-sidi-d ])late.s, of a rtnldish 
yellow colour and Bemi-tr<iiis})areiit. It generally eonUiins more or le.s.s re<l lead, 
whence the variations of its colour, and earhonie acid, c‘S]H‘ciMlIy when it has bc'cii 
exposed to the air for some time, b'or its imxle of pn jiaratioii, set* Lk.m>, and Sii.vkk. 

UTHZA is a simple earthy or alkaline substance, di.scovered in the minerals 
called petalite and triphane. It is w’hite, very wnistic, reddens litmus and red cal>bage, 
and saturates acid with grctit facility. AVhen exposed to the air it attracts humidity 
and CjirlKinic acid. It is more soluble in W’uter than baryta, and has such a slnmg 
affinity for it a« to be obuined only in tin; state of a liydrate. It forms neutral salts 
with all theacida. It is most rennirkible for its jwwer of acting iij>on or corroding 
platinum. This earth is now used medicinally. 

^ The Allowing interesting account of a new source of lithium is from the address of 
Sir Charles Lyell at the Bnth meeting of the British Association. After suiting that 
Professor Rosiroe of Manchester had detected the chloride of litliium in the Bath 
waters, Sir Charles Lyell proceeds : — 

‘While I w^ pursuing my inquiries resjxjctiug the Bath waters, 1 learned casually 
thit A hot spfiiig had been mscovared at a great dc}>th in a copper mine, near Kedruiu 
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in Cornwall, liaving about as bigli a temperature as that of the Bath waters, and of 
which, strange to say, no account has yet been published. It seems that, in the year 
1839, a level was driven from an old shaft, so as to intersect a rich copper lode at a 
depth of 1,350 feet from the surface. This lode or metalliferous fissure occurred in 
what was formerly called the United Mines, and which have since been named the 
Clifford Amalgamated Mines. Through the contents of the lode a powerful spring 
of hot wntcr was observed to rise, which has continued to flow witn undiminished 
strength ever since. At my request Mr. Horton Davey, of Kedruth, had the kindness 
to s(^5d up to London many gallons of this water, which have been analysed by Pro- 
fessor William Allen Miller, P.Il.S., who finds that the quantity of solid matter is so 
grtiat as to exceed by more than four times the proportion of that yielded by the Bath 
waters. Its composition is also in many respects very different ; for it contains but 
little sulphate of lime, and is almost free from the salts of magnesium. It is rich in 
the chlorides of calcium and sodium, and it conbiins one of the new metals, Ccssiumy 
never before detected in any mineral spring in Plngland ; but its peculiar charac- 
t(‘ristic is the extraordinary abundance of lithium, of which a mere trace had been 
found Ijy Professor Koscoo in the Bath waters ; whereas, in this Cornish hot spring, 
this metal constitutes no less than a twenty-sixth part of tho whole of the solid 
contents, which, as before stated, are so voluminous. When Professor Miller exposed 
some of these contents to tho t(!st of spectrum analysis, he gave mo an opportunity of 
seeing the beautiful bright crimson line which the lithium produces in the spectrum. 

‘Lithium was first ntede known in 1817 by Arfvodson, who extract^ it from 
p('tJilite ; and it was believed to bo extremely rare, until Bunsen and Kirchhoff in 
1860, by means of the spectrum analysis, showed that it was a most widely-diffused 
substance, existing in minute quantities in almost all mineral waters and in the seii, 
as well ns in milk, human blood, and tho ashes of some plants. It has already been 
used in medicine, and w'o may therefore hope that now that it is obtainable in largo 
quantities, and at a much cheaper rate tb«an before tho Huel Clifford hot spring was 
analysed, it may become of high value. According to a rough estimate, which has 
been sent to mo by Mr. Davey. the Huel Clifford spring yields no less thon 250 gallons 
per minute, which is almost equal to the discharge of the King’s Bath, or chief spring 
of tliis city. As to the gases emitted, they are the same as those of the Bath water, 
iifiniely, carbonic acid, oxygen, and nitrogen.’ 

Mr. Warington Smj'tb, who had already visited the Huel Clifford lode in 1855, 
re-examiued it shortly before this meeting, chiefly with the view of replying to several 
queries wliich Sir Charles Lyell put to him ; and, in spite of the stifling lieat, ascer- 
tained tho geologicjil structure of tho lode, and the exact tempemturo of the water. 
This last he found to bo 122® Fahr. at the depth of 1,350 feet ; but he scarcely doubts 
that the thermometer would sUind two or three degrees higher at a distance of 200 
feet to the eastward, where tho water is kno'Brn to gush up more freely. The Huel 
Clifford lode is a fissure varying in width from 6 to 12 feet, one wall consisting of 
el van or porpliyritic granite, and the other of killas or clay-slate. Along the line of 
tho rent, whicli runs cast and west, there has been a slight throw or shift of the 
rocks. The vein-stuff is chiefly formed of cellular pyrites of copper and iron, the 
porous nature of which allows the hot water to percolate freely through it. It seems, 
however, thtit in the continuation upwards of the same fissure, little or no metal- 
liferous ore was deposited, but, iu its place, qujirtz and other impermeable substances, 
whicli obstructed tho course of the hot spring so as to prevent its flowing out on the 
surface of tho countr}'. 

Huel Clifford Amalgamated Mine, having ceased to pay the adventurers, was 
stopped working in 1872. It is now (1874) full of water, and in all probability it 
will never again be opened. 

A similar hot spring has been discovered in Huel Seton Mine near Camborne, 
Cornwall. The waters issue, at the rate of 50 gallons per minute, from the eastern 
foro-breast of the 160-fathom level, at a temperature of 92® Fahr. This water has 
been analysed with tho greatest care by Mr. John Arthur Phillips, and found to 
contain a larger quantity of lithium than the Huel Clifford spring. Mr. J. A* 
Phillips communicated the results of his examination to the Koyal Society; from 
which communication tho following analysis is extracted : — 


Grains per gallon 

Calcium carbonate 7*03 

Perrons carbonate 0*33 

Man^nous carbonate trace 

Calcium sulphate 2*11 

C'upric chloride ..•••• minute trace 
Calciuni chloride 476‘64 

Carried forward .... 485*06 

K 
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Brought forward 

GniinP jKjr gallon 
. 485 06 

Magnesium chloride 

. . 11-80 

Aluminum chloride .... 

. . 63 09 

Pot^sium chloride .... 

6*30 

Sodium chloride .... 

. 407-47 

IMhium chloride .... 

33-74 

Potassium bromide .... 

. , trace 

Potassium silicate .... 

. . 503 

Nitric acid 

. . trace 

Ammonia 

. . trace 

Total .... 

. 1012*49 


XlZTUICTM is the metAllio basis of litliia ; tho latter substance consists of 100 of 
motal and 123 of oxjgen. Lithium is the lightest kiionm solid, its specific gravity 
being 0’59. Its at^iic weight (7) is lower than that of any other element, excepting 
hydrogen. Lithium is not of any use in tho arts. See Lithia. 
liXTBOl'RACT&ITX. See Explosive Agents. 

a^XTBOGBAPBZe PRZUB8. Tlie lithographic pn^ss in common use has long 
been regarded as a very inadequate machine. The amount of manual power required 
to work it, and tlie slow speed at wliich, under tho most favournlde circumstances, 
copies can be proiiiced, disables lithography in its competition with letter-press. A 
career of brilliant success has attended the efforts of scientific men towards speed and 

success in this latter branch of 
the art ; and the present printing- 
machines surpass iJie hand-press 
somewhat in the same ratio as 
do(s our express-speed the jog- 
trot of our forefathers. Tlie 
engravings annexed. ficfF. 1397), 
1399, will serve to ilhislralo 
INIessrs. iS’apier and Sons' im- 
provements upon the lithograpliie 
]>ress. Tho machine is arranged 
to he driven by steam-power ; has 
hells. ‘ crossed ’ and ‘open,’ snp- 
3 K)Scd to ho in counoction witli 
the engine, and to rank upon tho 
]*ulleys, A, n, c. The crank- 
pulley. n, is fixed on tlie screw- 
spindle, 1), and the. other I wd work 
lo<»se, or ‘d(‘a(l,’ on the same 
spindle ; these liands, witli their strikiEg-forks, u, an; arranged so n.s to be l/rougliL 
alternately upon tho fixed pulley, n, and thus a reversing-motion is given to the 



Kcrew. The nut in which the screw works is fixed to a cross-piece, e, whidi braces 
the fido-framo0, f r, together at Ixjttom, while the bar, o, performs tlie same office at 
the 8craper-box, h, is sustained between these frames at bearings, i. and is so 
med as to work freely. To support the frames and scraper-box independent of the 
wesfew ai^ maintain them in position, allowing freedom of action, the rollers, j j, 
psorided, which run in the planed recesses, x, along the top of the main stau- 
duds.1.. 
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The machine is shown with its tympan down, ready for starting ; this is efi^ted hy 
pressing lightly upon the lever, A, which raises a catch, and allows the weight, x, to 
descend in the direction of its present inclination, and act upon the connections with 
the striking-forks, so as to bring one of the bands upon the fast pulley, b, and make 
the scraper and its frames move forward. The return is caused by the frame, r, 
coming in contact with a stop, c, w'hich, yielding, acts upon the striking-forks by its 
bar, d, upon which it may be adjusted to give the travel required. On the return 
being accomplished, the machine stops itself by a striking action against stop s, the 
catch, falling in to prevent the weight descending to its full throw, and thus retain- 
ing the two bands upon the two dead pulleys, a, c, while the machine is prepared for 
another impression. 

The action of the scraper is peculiar and novel : it is balanced so that its tendency 
is to remain slightly raised, bnt in its forward movement, and at the point desired, it 
is made to descend by a stop fixed upon the top of the main standard, L, into a posi- 
tion vertical, or nearly so, inw^hich position it is retained by its own onward progress 
against strong abutments projecting from the frames, f ; on the return it resumes its 
raised position, and passes back without impediment. The scraper may he adjusted 
to give the pressure desired-, or the table on which the stone is placed regulated by 
screws. 

The advantages embodied -in thi.s machine will bo at once recognised by those inte- 
rested. The pulling down of the scraper, and the labour and inconvenience attendant 
u[)on that operation, are entirely superseded by the simple and effectual valve-like 
movement just explained, which forms the groundwork of this combination, although 
it, w’ill alike apply to the press-work by hand, and is the most striking novelty in the 
machine. 

XiXTBOOllAPBT. Though this subject belongs rather to the arts of taste and 
design than to productive manufactures, its chemical principles fall within the pro- 
vince of this Dictionary. 

The term lithography is derived from XiBoSy a stone, and ypeupv, writing, and desig- 
nates the art of throwing off impressions upon paper of figures and writing previously 
traced upon stone. The processes of this art are founded — 

1. Uj:)on the adhesion to a grained or smoothly-polished limestone of an encaustic 
fat W’hich forms the lines or traces. 

2. Upon the power acquired by the parts penetrated by this encaustic of attract- 
ing to thcmst'lvcs, and becoming covered with, a printer’s ink having linseed-oil for 
it.s basis. 

3. Upon the interposition of a film of w^tcr, which prevents the adhesion of the ink 
ill all the parts of the surface of the stone not impregnated with the encaustic. 

4. Lastly, upon a pressure applied to the' stone, such as to transfer to paper the 
greater part of the ink w’hich covers the greasy tracings or drawings of the encaustic. 

The lilhograpliic stones of the liest quality are still procured from the quarry of 
Solenliofi'ii, a village at no great distance from Munich, where this mode of printing 
Jiad its birth, ^’hey resemble in their as[>t?ct the yellow’ish-w'hite lias of !^th, but 
their geological place is much higher than the lias.’ Abundant quarries of tht'se fine- 
grained limestones occur in the county of Papponheim, along the banks of the Danube, 
presenting slabs of every required degree of thickness, parted by regular seams, and 
ready for removal with very little violence. The good quality of a lithographic stoue 
is generally denoted by the follow ing characters : its hue is of a yellowish-grey, and 
uniform throughout ; it is free from veins, fibres, and spots ; a steel point makes an 
impression on it with difficulty ; and the splinters broken off from it by the hammer 
display a couclioidal fracture. 

The Munich stones are retailed on the spot in slabs or layers of equal thickness ; 
they are quarried with the aid of a saw, so as to sacrifice as little as possible of the 
irregular edges of the rectangular tables or plates. One of the broad faces is then 
dressed, and coarsely snioothe<l. The thickness of these stones is nearly proportional 
to their other dimensions ; and varies from inch to 3 inches. 

In each lithographic establishment the stones receive their finishing, dressing, and 
ix)lishing ; w hich are performed like the grinding and polishing of mirror-plate. The 
w'ork is done by hand, by rubbing circularly a moveable slab over another in a hori- 
zontal po.sition, with fine-sifted sand ainl water interposed between the two. ^6 
stylo of work tliat tlio stone is intended to produce determines the kind of polish 
that it should get. For crayon-drawn ng the stone should be merely grained more or 
less Jine according to the fancy of the draughtsman. The higher the finish of the 
sjirface the softer are the drawings; but the printing process becomes s^ner pasty, 
anil a smaller number of impressions can bo taken. Works in ink require the stone 
to be more softened down, and finally iwlishcd with pumice and a little water. The 
stones thus prepared are packed for .use with wliito paper interposed between their faces. 
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Zinc plfttos are sometimes used in lien of stones ; they are prepared by graining the 
surface with fine sandy rubbed over by means of a small pitxro of the metal. Zinc 
takes a finer surface than stone, and yields more delicate impressions ; biit great care 
is necessary in keeping it dry, so that it docs not corrode ; this is almost the only 
objection to its more general use, for it is far more convenient to handle and move 
alwut than heavy stones. 

Lithographic Crayons. — Fine lithographic prints cannot be obtained unless tho 
crayons possess every requisite quality. The ingredients composing them ought to be 
of such a nature as to adhere strongly to the stone, both after the drawing has under- 
gone the preparation of the acid, and during the press-work. They should be hard 
enough to admit of a fine point, and trace delicate lines without risk of breaking. 
The following composition has been successfully employed for crayons by MM. Bernard 


«nd DelaruOy at Paris : — 

Parts 

Pure wax (first quality) . . . . « ,4 

Dry white tallow soap 2 

White tallow 2 

Gum lac , , 2 

Lamp-black, enough to give a dark tint . . .1 

Occasionally copal vnrish 1 


Tlie wax should be melted over a gentle fire, and the lac, broken to bits, is then 
added by degrees, stirring all the while with a spatula : tho soap is next introduced 
in fine shavings ; and when tho mixture of those suV>stancos is very intimately aocom- 
plished. the copal varnish, incorporated with the lamp-Mack. is poured in. Tin* heat 
and agitation are eontinuod until the paste has acquired a suitable consi.^tence ; which 
may be recognised by takimr out a little of it, letting it cool on a plate, and tryinjx its 
quality with a penknife. This composition, on being cut. should aflford l/ritlle slici-s. 
The boiling may be quickened by sitting llic rising vapours on fire, wliich increases 
the temperature, and renders the exhalations less offetisivi'. When ready it is to ]»e 
poured into a brass mould, made of two semi-cylinders joined together by clasps or 
rings, forming between them a cylindric lube of the crayon size. Tlie monhl slioul 1 
be previously rubl>ed with a groa.«y cloth. 

The soap and tallow are to be put inU) u small goblet and covered up. When tlie 
whole is thoroughly fused l)y heat, and no clots remain, the black is gradually 
Bprinkled in with careful stirring. 

Lithographic ink is prepared nearly on the same principle : — 

Parlf 


Wax , , . , , . . . .10 

Tallow G 

Hard tallow soup 0 

Shell -lac 12 

Mastic in tears 8 

Venice turpentine ....... 1 

Lamp-black . . 4 


The mastic and lac, previously ground together, are to be carefully heated in th(‘ 
turpentine ; the wax and tfillow must be added after they are taken off the fire, and 
when their solution is effected, the soap-sba^ings are to be thrown in. Lnstly, the 
lamp*black is to be well intermixed. Whenever the union is accomplished by heat, 
the operation is finished ; the liquor is left to cool a little, then poured out on tabb^s, 
and, when cold, cut into square rods. 

lithographic ink of good quality ought to be susceptible of forming an emulsion so 
attomiated that it may appear to be dissolved when rubbed upon a hard boflj* in dis- 
tilled or river water. It should flow in the pen, but not spread on the stone ; capible 
of forming delicate traces, and very black, to show its delineations. The most essen- 
tial quality of the ink is to sink well into the stone, so as to reproduce the most 
ddicate outlines of the drawing, and to afford numerous impressions. It nui.st, 
Hierefbre, be able to resist tho acid with which the stone is moistened in tho pre- 
paration, without letting any of its greasy matter escape. 

M. de Losteyrie states that, after having tried a great many combinations, he gives 
the preferenee to the following 


Parts 

Tallow soap, dried 80 

Hastie in tears 80 

White soda of commerce 80 

Shell-lac. 

LaxqKblack 12 
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The soap is first put into the goblet, and melted over the fire ; the lac being added^ 
it fuses immediately ; the soda is then introduced, and next the mastic, stirring all 
the while with a spatula. A brisk fire is applied till all these materials are melted 
completely, when the whole is poured out into the mould. 

The inks now prescribed may be employed, either with the pen and the hair-pencil» 
for writings, black-lead drawings, aqua tinta, mixed drawings, those which represent 
engraving on wood (woodcuts), &c. When the ink is to bo used it is to be rubbed 
doW with water, in the manner of China ink, till the shade be of the requisite depth, 
The temperature of the place ought to be from 84° to 90° Fahr., or the saucer in 
which tlie ink-stick is rubbed should be sot in a heated plate. No more ink should 
be dissolved than is to bo used at the time, for it rarely keeps in the liquid state for 
24 hours ; and it should be covered or corked up. 

Autographic Paper. — Autography, or the operation by which a writing or a drawing 
is transferred from paper to stone, presents not merely a means of abridging labour, 
but also that of reverting the writings or drawings into the direction in which they 
were traced, whilst, if executed directly upon the stone, the impression given by it is 
fMverted. Hence, a writing upon stone must bo inverted from right to loft to obtain 
direct impressions. But the art of writing thus is tedious and difficult to acquire ; 
while, by means of the autographic paper and the transfer, proofs are obtained in the 
same direction with the writing and drawing. 

Autographic Ink . — It must be fatter and softer than that applied directly to the 
stone, so that, though dry upon tlie paper, it may still preserve sufficient viscidity to 


adhere to the stone by mere pressure. 

To compose this ink we take — 

Parts 

W'hite soap 100 

White wax, of the best quality . . . .100 

Mutton-suet , 30 

Sholl-lac .50 

Mastic 50 

Lamp-black . . , , , , . 30 or 35 


These materials are to be melted as above described for the lithographic ink. 

Lithographic Ink and Paper. — The following recipes have been much com* 
mended 

Virgin or white wax 8 parts 

White soap 2 ,, 

Shell-lac 2 „ 

Lamp-black ...... 3 table-spoonfuls. 

Preparation. — The wax and soap are to bo melted together, and before they become 
so hot as to take fire, the lamp-black is to bo well stirred in with a spatula, and then 
the mixture should bo allowed to burn for 30 seconds ; the fianio being extinguished, 
the lac is added by degrees, carefully stirring all the time; the vessel is to be put 
upon the tire once more in order to complete the combination, and till the materials 
are either kindled or nearly so. .After the flame is extinguished, the ink mqst bo 
suffered to cool a little, and then put into the moulds. 

Willi the ink-crayons thus made, lines may be drawn as fine as with the point of 
the graver, and as full as can be desired, without risk of its spreiuling in the 
carriage. Its traces will remain unchanged on paper for years before being trans- 
ferred. 

Some may think it strange that there is no suot in the above composition, but it has 
been found that ink coiiUiiniiig it is only good when used soon after it is made, and 
when immediately transferred to the stone, while traces drawu on paper with the suet 
ink become defective after 4 or 5 days. 

Lithographic Paper . — Lay on the paper 3 successive coats of sheep s-foot jelly, I 
layer of white starch, 1 layer of gamboge. 

The first layer is applied with a sponge dipped in the solution of the hot jelly, 
very equally over the whole surface, but thin ; and if the leaf be stretched upon a 
cord, the gelatine will be more uniform. The next two coats are to be laid on until 
each is dry. 'J'he layer of starch is then to be applied with a sponge, and it will 
also bo very thin and equal. The coat of gamboge is lastly to be applied in the 
same way. When the piper is dry it must bo smoothed by passing it through the 
lithographic press ; and the more polished it is, the better does it t^e on the ink in 
fine lines. 

Tranafer . — When the paper is moistened, the transfer of the ink from the gamboge 
is perfect and infallible. The starch separates from the gelatine, and if, after taking 
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tbe pa^ off the stone, "we place it on a white slab of stone, and pour hot water over 
it, it will peaume its primitive state. 

The coat of gamboge ought to be laid on the same day it is dissolved, as by keeping 
it becomes of an oily nature ; in this state it does not obstruct the transfer, but it 
g^ves a gloss to the paper which renders the drawing or tracing more difficult, espo- 
to persons little accustomed to lithography. 

The starch paste can be employed only wdien cold, the day after it is made, and 
after having tne skin removed from its surface. 

A leaf of such lithographic paper may bo made in two minutes. 

In transferring a writing, an ink drawing, or a lithographic crayon, even the im- 
pression of a copper-plate, to the stone, it is necessary, (1) that the impressions bo 
made upon a thin and slender body, like common paper ; (2) that they may I'c de- 
tached and fixed totally on the stone by means of pressure ; but as the ink of a draw- 
ing sinks to a certain depth in paptr, and adheres rather strongly, it Mould l»o 
difficult to detach all its parts, wore there not previously put hetwetai tlio paper and 
the traces a body capab'e of being separated from the paper, and of losing its ad- 
hesion to it by means of the w'ater with which it is damped. In onler to proiliu'o this 
effect, the paper gets a certain preparation, which consists in coating it over M'ith a 
kind of paste ready to receive every delineation without suffering it to penetrate into 
the paper. There are different nuxies of communicating this propiTty to paper. 

Besides the above, the following may be tried. Take an unsized paper, ratlu'r 
strong, and cover it with a varnish composed of — .Starch, 120 parts ; gum arabic, 
40 parts : alum, 20 parts. 

A paste of modenite consistence must be made w'ith the starch and some water, 
with the aid of heat, into M-hich the gum and alum are to be thrown, each j'n'viotjsly 
dissolved in separate vessels. When the whole is M'cll mixed, it is to be .‘ippli<-il, still 
hot, on the leaves of paper, with a flat smooth ]>rush. A tint of yellow colour may 
bo given to the varnish M'iih a decoction of the berries of Avignon, commonly called 
French berries by our dyers. The paper is to be dried, and smoothed by pas.sing 
under the scraper of the lithographic press. 

Steel pens are employed for MTtring and drawing with ink on the lithographic 
stones; in many estabiishments a sable brush is more frequently used. 

Enyraviiig on stone, for maps, geometrical druM'ings of every kind, patent inven- 
•tions, machinery, &c., is performed with a diamond ])oint as elejirly and distinetly as 
if executed on capper or steel plates; to print these engraved stones, t he ink should 
be laid on Mith a dabber, not u roller. Ancfther method is by preparing tlie snrl'aee 
of the stone with a thin covering, f.r cteliing ground, of gnm and ]»hu*k. njion Mliieh 
the design is traced or engraved with an etehing point; it tlieii .appears in vhih lines 
upon a black surface. In this state the stone is taken to the printer, vlio applies ink 
to the engraved part, and washing oft’ the gum, tlie druM ing apja*ur.s in tilack liue.s 
upon the white surface of the st4)ne. and after being submitted to the jiroeess of 
fixing, described l>elow, is ready fur printing. 

Lithotini, a process of drawing upon stone wji.s adopted, fir.'^t, l)yMr. J. I>. Harding, 
a few years back, and since one or tMO other artists; several works Mere at 
the time executed by this method, mIijcIi con.si.‘4t.« in jHiintinei the subj.'ct M’ith a 
cam^’s-hair pencil, dipped in a preparation of liquid lithographic chalk, using the 
latter as if it were an ordinary colour, or Indian ink, sepia, &e. The results of this 
pirocess were, hoM^ever, so uncertain in printing, that it has been uliuost, if not en- 
tirely, abandoned. 

The process of printing a subject executed in, lithogniphy is as follows ; — Tlio 
drawing is first executed by the artist on the stom^ in us perfect and finished a 
nanser as if done on paper or cardboard : the stone is then Mashed over W’ith niti ic 
acid, diluted with gum, which neutralises the alkali, or soap, contained in the chalk, 
fixes the drawing, and cleanses the stone at the same time; this is teclinic;illy called 
etehing. The acid is then washed off' M'ith cold Avator, and any particles of the 
crayon or other substances which may have adhere<i to the surface are removed by 
the application of a sponge dipped in spirits of turpentine ; the stone is now r(!ady 
for printing: it is slightly wetted, charged with printing-ink by means of a roller, 
the sheet of paper, which is to receiA’o the impression, is laid on it in a damp state, 
and the whole is passed through the press. 

ChromolUhography, or printing in colours from stones (xpft'ga, colour), i.s a com- 
paratively recent introduction ; but has been brought to such perfection, that works 
of art of the highest pictorial excellence are sometimes so closely imiUited, as to 
deceive very competent judges. A portrait of Shakspeare, for ex.imple, executed 
in chromolithography by Mr. Vincent Brooks, of London, from an old oil painting, 
Is SO marvellous a copy of the original as almost to defy detection. Chromolitho- 
gnphy.M a beantiM medium of illustration, is now in very general use : the process 



LLAMA 


185 


Jnay be thus described, A drawing of the subject, in outline, on transfer tracing** 
paper, is made in tlio ordinary way : when transferred to a stone, this drawing is 
called the keystone, and it serves as a guide to all the others, for it must be transferred 
to as many different stones as there are colours in the subject; as many as thirty 
stones have been used in the production of one coloured print. The first stone 
required, generally for flat, local tints, is covered with lithographic ink where the 
parts should be of solid colour: the different gradations are produced by rub- 
bing the stone with ruhhing-stuff, or tint-ink, made of soap, shell-lac, &c. &c., and 
w'ith a painted lithographic chalk where necessary ; the stone is then washed over with 
nitric acid, and goes through the entire process described above. A roller charged 
with lithographic printing-ink is then passed over it to ascertain if the drawing 
comes as desired ; and the ink is immediately afterwards washed off with turpentine: 
if .satisfactory, this stone is ready for printing, and is worked off in the requisite 
colour ; the next stone undergoes the same process for another colour, and so with 
the rest, till the work is complete : it will of course, bo understood, that before any 
single impression is finished, it will have to pass through as many separate printings 
as there are drawings on stones. The colours used in printing are ground up with 
burnt linseed-oil, termed varnish. 

ZiXTBOMAROB. An iron ochre ; essentially a silicate of alumina, with 6 to 7 
per cent, of oxitlo of iron, in many respects resembling China clay or kaolin. It is 
found abundantly in co. Antrim. See Iron. 

XiZTMirs {Tourncsol, Fr. ; Lackimis, Ger.) is prepared in Hfdland from the spe- 
cies of lichen called Jjecanora tart area, and RGccalla tinctoria. The ground lichens are 
first treated with urine containing a little poUisIi, and allowed to ferment for several 
Weeks, whereby tlu‘y produce a purple-red ; the coloured liquor, treated with quick- 
lime and some more urine, is set again to fermeuc during two or three weeks, then 
it is mixed with chalk or gypsum into a paste, which is formed into small cubical 
]>ir*ces by being pressed into Iwass moulds, and dried in tlie shade. Litmus has a 
violct-bluo colour, is easy to pulverise, is partially solulde in w'ater and dilute alcohol, 
leaving a resiiluum con.sisting of carbonate of lime, of clay, silica, gypsum, and oxide 
of iron combined with the dye. The colour of litmus is not altered by alkalis, but is 
reddened by acids ; and is therefore used in eheinistry as a delicate test of acidity, 
either in the shite of solution or of unsized paper stained with it. 

Litmu.s is u.scd in Holland to give a peculiar tint to certain kinds of Dutch 
choose. 

The preparation of litmus lias been described by Ferber. Moreloz, and others. 

Litmus is imported from Holland, in the form of small, rectangular, light, and 
friable cakes of an indigo blue colour. Examined by the microscope, we find sporules 
and fiortions of the epidermis and mesothallus of some species of lichen, moss, leaves, 
sand, &^e. The odour of the cakes is that of indigo and violets. The violet odour 
is acquired while the mixture is undergoing fermentation, and is common to all tho 
tinctorial lichens. Jt lias leil some writers into the error of supposing that tho 
litIliU^-makers use Florentine orris in tho manufacture of litmus. Tlie indigo colour 
depciid.s on tlie presence of imligo in tho litmus cakes. See Lichen. 

XiZTMIJS-PAPSB. Paper coloured with an infusion of litmus, used as a test for 
tho presence of acids. 

Faraday, in his ‘Chemical Manipulation,’ recommended an infusion of one ounce of 
litmus, and half a ])int of hot water. Bibulous paper is saturated with this. Prof. 
Graham preferred good lettcr-ynipor to tho unsized paper. In order to obtain very 
delicate test-pajier, iho alkali in tho litmus must bo almost neutralised by a minuto 
portion of acid. 

ZiZTTOBAB, a geological term. Belonging to the sea-shore. 

BZVZ-BZBZ. Another name for Divi-divi. See Leather. 

XJOLZVZATZOW {Lcssivage, Fr. ; Audaugen, Ger.) signifies tho abstraction by 
water of tho solulile alkaline or .saline matters present in any earthy admixture ; as 
from that of quicklime and potashes to make potash-lye, from that of effloresced alum 
schist to make aluminous liquors, &c. 

BBAMA. A genus of animals belonging to tho class Mammalia, order UnguUUa, 
family Bovida, and tribe Camel ina. They are the camels of South America, to 
M'hich country they are confined. In the wild state the llamas keep together in herds 
of from oue to two hundred. There are two distinct species found wild in South 
America, inhabiting the Peruvian Alps, tho Pampas, and the mountains of Chili. 
These animals are used us l>easts of burthen ; cords and sacks, ns well as stuffs for 
ponelios, &c.,aro fabricated from their wool ; and their bones are converted into instru- 
ments for weaving tlie same. Tho Alpaca, which is a variety of the llama, has 
given its name to a cloth manufactured from its hair ; and this has become so valuable, 
that attempts have been made to naturalise the animal in Europe. The success, 
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howerer, which has attended these attempts has not been great. Tho following note 
ftom the * Penny Oyclopfcdia/ article ‘ Llama,’ is importtint : — 

‘In reference to file wool, we may hero state tluit a herd of tliirtv-six, inehuling tho 
kinds called llamas, alpacas, and vicunas or vigonias, wore sent from Lima (l\ni) 
and Concepcion (Chili J to Buenos Ayres by journeys of two or tlireo leagues. To 
those who may be inclined to import these animals, it may be necessary to stJito th;it 
they were fed during the journey with potatoes, maize, and hay. As soon, however, 
as the potatoes were exhausted, constipation came on so obstinately, that medical 
relief was required. They were ship^ ns a present from Godoy, the Prince of 
Peace, to the Empress Josephine, but only eleven arrived at Cadiz in 1808, just as 
3odoy fell into disgrace. Here two died, and the rest were near being thrown into 
the sea by .the infuriated rabble, in their detestation of the late minister and minion. 
The poor llamas were however saved from the tender mercies of the populace by the 
governor of Cadiz, and were consigned to Don h’raiunsco de Theran of Andalusia, 
who had a fine menagerie at San Luctir de Ihirrainoda. "When the French ov*cu]niHl 
the province, Marshal Soult protected them ; .njid M, Bury St. Viiiei-Tit., who was 
with the army, studied their habits, and executed drawings of them, which were lost 
at the battle of Vittoria. M. Bury paid great attention to their wool, and some from 
each kind was sent to tho Academy of Sciences at Paris. I'roni the n port <if 
French naturalist and the philosophical Spaniard, it would appear that the fleece of 
the alpa-vigonia (produced fy a cross la'tweon a vigonia and an alpaca) has much 
greater length than any other variety, and is six times heavier.’ 

The following is*from James’s ‘Historv of Iho AVorstod Manufacture in England,’ 
p. 652 

To commence with the earliest mention of tho alpac/i. we must recur to so early a 
period as the year 1525. w hen Pizarro and his feren^ious coin}*anioiis invaded Peru. 
It is related by the Spanisli historians, that they found tliere four varieties of 
two, tho guanaco aud the vicuna, in a wild state, ranging the ni(uintaiii{»iis tracts 
of South America; and the others, the llama, and the ]>acus. or alj>aoa, d-nnesii- 
catod. The former of these dome.‘^tic animals, partaking somew hat of the natun' end 
size of the Arabian camel, W'ns in like munner em})loycd as a beast of burtben. 
Though in many features similar to the llama, the alpaca had several clear marks 
of distinction, afid among others was less, and the fleece much longer and sofu r in 
fil.»re. In the sixteenth century, and even from the remotc.^-t tiim-s. thi! Peruvians 
being comparatively (to the otlier tribes of the great continent of Aim ricii) a civi'ised 
people, and well acquainted with the arts of spinning arul weaving, fabricated fenm 
alpica-wool textures of much delicmcy and beauty, wldcli wnre iiighly as 

articles of dres.s. And that the u.'^e of them h:id prevailed lor ecntiiries is deiuonslrat t'd 
by the opening of several very ancient tombs of the Peruviams. in which the dead 
had been enwrapped in stuflfs made from the fle(!ce of the alpaca. • 

In general, the alpaca ranges about four feet in laaglit. the size of a full-grown 
deer, and, like it, is of graceful :ipp«aira?ice. 1 to fleece is siijieriur to the she« p in 
length and softness, averaging six inches (the length of the staple of the .alpaca 
fleece is on an average much le.ss than formerly, pn/bably from being .‘•liorn ofii-ui-r i, 
and sometimes it has been procured even of an extraordinary length ; a spe^ ina n 
shown at the Great Exhibition, by Messrs. AAhilter Milligan and »Son, n acliicg i-i 
forty-two inches in length. The fleeces, when anmially shorn, range frtmi live t > six 
pounds. Contrary to experience in other destiriptions of wool, the fll-rc of tlie 
alpaca fleece acquires strength without coar-seness; besides, each fllanicnl ajijuars 
straight, well-formed, and free from crispne.ss, and the quality is more uniform 
throughout the fleece. There is also a transparency, a glittering brightness upon 
the surface, giving it the glossiness of silk, w'hich is enhanced on its pissing throuuh 
the dye-vat. It is also distinguished by softness and elasticity, essential properties 
in the manufacture of fine goods, being excmi>t from spiral, curly, and shaggy defects ; 
and it spins, when treated properly according to the present improved method, easily, 
and yields an even, strong, and true thread. AViih all these remarkable qiuilities, it 
was long before the value of alpawi wool was known or apjjreciated in this country. 

Becurrinig to the application of tlie alpaca fleece to luanufacturing purpostis in 
England, it was long delayed, though so early as tlie year 1807, the British trooj.s 
returning from the attack of Buenos AyTcs brought with them a few bags of this w<k>1, 
which were submitted for inspection in I>>ndun ; but, observes Walton, in his work 
on alpaca, ‘ owing to the difficulty of spinning it, or the pn judicc of our manufac- 
turers, it did not then come into notice,’ and for more thiin twenty years tlie attempt 
does not seem to have been renewed ; thus depriving, for that period, the country of 
the advantage derived from this notable manuflicture. 

^cording to the best authorities, the first jierson in England who introduced a 
WnEOtable fabric made from this matorial was Mr. Benjamin Outram, a scientific 
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manufacturer of Greetland, near Halifax, who, about the year 1830, surmounted, 
with much difficulty, the obstacles encountered in spinning the wool, and eyentually 
produced an article which sold at high prices for ladies’ carriage-shawls and cloakings ; 
but their value arose more from being rare and curious articles than from intrinsic 
worth. 

These wore, it is well established, quite destitute of the peculiar gloss and beauty 
which distinguish the alpaca lustres and fabrics of later times, and ^fter a short period 
the manufacture was abandoned. 

About the same time us Mr. Outram was weaving goods from alpaca, the wool 
attracted the notice of the Bradford spinners. Messrs. Wood and Walker spun it to 
some extent for camlet warps used in the Norwich trade. Owing to the cheapness of 
alpaca wool during the first years of its consumption in England, it was occasionally 
employed instead of English hog wool for preparing lasting and camblet warps, being 
spun to about No. 48. 

The cjirliost manufacture of the alpaca- wool into goods at Bradford appears to 
have occurred under these circumstances. In the commencement of 1832 some 
gentlemen, connected with the trade to the west coast of South America, were on a 
visit at the liouse of J. Garnett, Esq., of Clithero, and, on their alluding to the diffi- 
culty of meeting with suitable returns for goods forwarded to that part of the world, 
he suggested to thorn t he transmission of alpaca-wool, and offered, if they would send 
him a few ].)oun(ls weight to asecrtiiin its value for manufacturing purposes. In a few 
months ho received somo samples of alpaca-wool, which, on October 2, 1832, he for- 
warded to Messrs. Horsfall of Bradford, with a request that they would test its value. 
Accordingly, they fabricated from this wool a piece resembling heavy camblet. which 
they showed to the Leeds merchants ; but tho piece, not developing any peculiar 
qualities of alpaca, did not please, so that Messrs. Horsfall were not encouraged to 
procotjd further with experiments. However, in the same year Messrs. Hoyam, Hall, 
and Co., spirited merchants of Liverpool, perceiving the value of the alpaca-wool, 
directed their agt'nts in Peru to purchase and ship over all the parcels of alpaca-wool 
they could meet with ; some of which, being sent to the Bradford district, was spun 
and manufactured by si veral parties there. Tho pieces chiefly fabricated from alpaca 
in tlie m*ighbourho<Hl of Bradford were figures made with worsted warp and alpaca 
weft, the figures being raised and lustrous, like union dama.sks. These goods were in 
Vf)gui} only for a limited time, for neither the figured nor plain ones seem to have suited 
the public tiistc. 

Until the introduction of cotton warps into tho worsted trade it may safely be 
av«‘rrod that the alpaca mnnufacturo had not been developed, and W'ould never hiwo 
made much progress without being combineil with cotton or silk warp. To Sir 
'ritus Sjilt, of Bradford, must undoubtedly be awarded tho high praise of finally 
overcoming the difficulties of prej«iririg and spinning tho alpaca-wool so as to produce 
an even and true thread; and, by combining it with cotton warps, which had then 
(183G ) been imported into the trade at Bradford, improved the manufacture so as to 
make it one (d' tho sUiplo industries of ihe kingiiom. He has, by an admirable adap- 
latitm of machinery, been enabled to work up the material with tho ease of ordinary 
wtjol, anti thus present beautiful alpaca -stiifls at a reasonable rate. Every previous 
attempt hail been math?, us far us ciiii bo ascertained, with worsted warps, with W'hich 
tiic aljmca did not easily a.ssort. 

Al»out the year 1836 tht? alpaca trade had become established, and has since risen 
to much importanct?. Afit^r tliis period the nmnufacturt! rapidly extended. The great 
mercantile house of A, and S. Henry took very large quantities of alpaca-stuffs, w'hicli 
began to be made in an endless variety of gotnis suited both for male and female 
dress, including scarfs, liaudkerchiefs, and era vats,, plain and .figured goods, both with 
silk anil cotton warp, ft»r latlies’ dresses, dyed alpaca checks of beautiful texture, and 
a variety of grograin.'^, codringlons, silk-striped, checked, and figured alpacas and 
alpjujii linings. Tho demand for these vairious alpaca fabrics during tho perit^ beti^eeu 
1841 and 1846 remained uniform and steady. 

At the commencement of the manufacture of alpaca goods with cotton warps (silk 
was not used) the weft was spun from fine qualities of the wool into low numbers, 
and the pieces were made much richer and heavier than has been the case more 
recently, tlio demaud Iiaviug altered in favour of lighter and less costly cloth. 

Most of the alpaca-wool brought into the United Kingdom is unslupped at Liver- 
pool, but a small portion is also carried to London. At these two ports, it may bo 
asserted, tho whole imported into this country is land^. It arrives in small bales, 
called ballots, weighing about 70 lbs., and is generally in an impure state,. with difib- 
rent qualities mixed. Like the fleece of the sheep, that of the alpaca is composed of 
different qualities, so tliat Uie portion grow'ing on the hind-qua^m is of an inferior 
description. The wool is 4ior^ into about eight diftont qnaliUes, each fitted fior a 
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particular elasg of goods. Owing to the dirty state of the fleeces, and the peculiar 
nature cf the dusty particles arising during the progress of sorting, tlie o juration is 
an unhealthy one, ui^ess great caro be taken by ventilation to counteract this baneful 
effect. After being sorted, it is at Saltaire washed and combed by machiner}’. Until 
of late years it was combed wholly by hand, and the combs usod for this purpose 
were of a deeper pitch than those usually adopted for preparing sheeps wool, tlmt 
is, those combs had a larger number of teeth than ordinary. The next process is to 
draw the sliver, which is perfected by an improved gill-machino, especially adapted 
for this material. And here, in combing and preparing the alpaca-wool, so as to 
make a dean, even, and glossy thread, lay the grand difficulty in the way of applying 
the alpaca-fibre to the worsted manufacture, and which was so successfully surmounted 
by Sir Titus Salt. 

The main articles now manufactured from alpaca-wool consists of alpaca lustres, 
which are dyed, and alpaca mixtures, -wliich are undyed ; and l>oth arc made of cotton 
or silk warp. Those plain goods may, from their extensive and stoidy u.so, lx? ternu'd 
stock-articles. Largo quantities of fancy alpacas are made, but they are rapidly v.'irv- 
ing, and are distinguished by innumerable names. The material is at present much 
shorter in staple than formerly, owing to the alpaca being shorn oftener, so that it is 
now commonly from 5 to 8 inches iu length. Nearly all the alpaca-wool consumed in 
Bngland is worked up in the Bradford district. 

Dating from the year 1834, when the imjwrt.ation of alpaca-wool sprung up as a 
permanent branch of commerce, the demand in this country has, on the whoh', l>een 
a growing one. Mr. Walton, in his work on the alpaca, exhibits the qiinn<iti( s im- 
ported until the year 1843, when, the tariff law having come into operation, tlu^ 
returns began to be more correctly framed, and the alpaca-wool was then classed l-y 
itself. 

Our imports were in 1843, ],4.')8.032 lbs. ; in IS/iS, 2,148,267 lbs. These lari'^e 
quantities were yet increased iu 1863. when we imported from 3\^ru. 2.772.S36 lbs. ; 
from New Granada. 622,889 lbs. ; and 6,857 lbs. from other ]>arts ; and the J>f<port,s 
of llama, alpaca, and vicuna during the three years ending 1872 w'ero as follows : — 
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Value 

* lbs. 

1 Vulne 

11»P. 

Vsihw j 

From Hormany 




1 

IM.IH 

£34,4.'./» ! 

„ Peru . 

r>.324,4M 


n.n8;;.:528 

£1 ^!♦0 

.3,522,:: 14 

4n>i.rj:i'j i 

„ Chili 

568,782 

65,im6 


1 80,S61 

i 124.21 !» 1 

! 21',417 

„ Other countries . 

J;(H) 

14 

1 2,067 

j 282 

48,062 

6,43:1 

1 

Total . 

a, 888, 536 

454,U7it 

ii.Or,} .“JoO 

; 483,7.‘}.3 j 

3,878,730 ! 

521,8.31» , 


In the interval, the price had, with the demand, progro.‘^sively increjLsed : the price 
in 1834 only amounted to about per jjouiid ; next year it rcaehed nearly 1 ()(/.; 
the year after, 1«. ; in 1838, to upwards of l.v. ; and in 1839 to Is. 4(/. 

During the last ten years the prices have fluctuated considerably. In 1811, !.«?. 8(/. 
per pound was quoted as the price of the white fleece, niid 2^. for the black one. In 
the year 1856, according to the price-curreuts, the average rales were thus qu 4ettl : — 


Alpaca, best white 
„ brown and black 
Vicuna, best dark coloured . 
Llama 


s. cL s, d. 

2 6 to 2 8 

2 6 „ 2 8 

3 0 „ 3 6 

0 10‘ „ 1 3 


Bat tkasc anotations are somewhat higher for alpaca-wool than the prices now 
realised, whhm of late years have ranged from 2«. to 2s. 2d. per pound. 

iltpuim Wmt was shown in the Exhibition of 1862, and w'us stilted to bo remark- 
able in its power of resisting rancidity. It was thought this would make it valuable 

to the arts, especially in pexfomery. 

liOAB. A burthen or freight As the various quantities of material cortainid 
in a load cannot but be useful, the following Table is borrowed from Mr. P. L. Sim- 
aioiidi^s * 'Lmde Products,’ 


Com • . 6 qrs. or 40 bushels. 

Straw . , trusses, or 11 cwte. 

64 lbs. 

Old hay .18 cwta. 

Hawhaj . 19 ewts. 82 lbs. 


Bricks . . 500. 

Tiles . . 1,000. 

Lead ore (in Derbyshire) 9 di.slms or 
ua'irly 3 cuts. 

63 bUQcUes. 


Bulrushes 
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Mortar . . 27 feet. Timber square feet 

Coffi'o, in bags . . .12 cwts. 2 inch plank. . , 300 

Rice 10 „ 240 

Timber : — square feet 3 » 200 

1 inch plank, . . GOO „ ... 170 

IJ „ . . . '400 4 „ . . . 150 

liOADSTOWSf Magnetic Iron-stone, {Fer oxydvle, Fr. ; Magneteisenstein^ 
Ger.) An iron ore, consisting of the protoxide and peroxide of iron in a state of 
combination. 

It was first discovered in Magnesia, and from that province has been derived the 
name Magnet applied to this ore of iron. The term loadstone, however, is given to 
those specimens which are powerfully magnetic only. See Iron. 

XiOAM. {Terre limoncuse, Fr. ; Lehm^ Ger.) A native clay, mixed with quart?.- 
sand anil iron -ochre, and ocaisionally with some carbonate of lime, 

‘ More commonly w<i find sand and clay, or clay and marl, intermixed in the same 
mass. When the sand and clay are each in considerable quantities, the mixture is 
called “ la'im.” ’ — LycU. 

IbOCKS. Although locks are distinctly a manufacture, yet they wore not embraced 
in the early editions of this work ; the chief cause of this being the desire on the part 
of Dr. Ure to limit the articles of the Dictionary to such manufactures as were not 
comprehended within his meaning of the term Handicraft. 


The lock manufacture is essentially one of handicraft ; and seeing that these 
volumes could not possibly enter into any detailed description of this and numerous 
other trades, as watch-making and the like, it has been determined that a brief notice 
of the several kinds of loc*ks alone .shall find a place in it.s pages. 

The lock nianufacture of this country is confined almost exclusively to Wolver- 
hampton and the ut'ighbouriug village of Willenhall. There are very few largo 
manufactories, almost all kinds of locks being made by small masters, employing 
from half-a-dozen to a dozen mcm. 


In nearly every kind of lock a bolt shoots out from the box or lock, usually of an 
oblong shajK), and catches in some kind of staple or box fixed to receive it. In some 
a .stJiplo enters the hn-k, and th(^ bolt passes through tho staple within the lock. The 
h>ck <»f a rf>oni-d(Kjr is of tho first character; tlio luck of a writing-de.sk. or ordinary 
box, is of the second kind. Tho key is merely a bent piece of iron, which, on entering 
tile lock, can move freely, and push forward the holt. To the bolts of superior locks 
spring.s are attached, and tho force requireil to turn tho key in a lock is the force 
iKves.sary to overcome the resistance (»f the .‘spring.s. The following tw'o figures, 1397, 
1398, rejipcseiit the character of a lock with wanls or wheels, which are introduced to 
give safety. Fig. 1397 is an ordinary back-spring lock, representing the bolt half- 
shot ; a' a” are notches on the under side of the bolt, connected by a curved pfirtion ; 
h is the back-spring, which is of eoiir.«o compressed as the curved portion of the bolt 


1397 


1398 



passes through the aperture prepared fur it in the rim of tho lock ; when the bolt is 
withdrawn, tho notch d rests in the rim ; when the bolt is shot, the notch a" rests in 
tho same manner. The action of tho key and wards is shown in Jig. 1308. The 
curved pieces of metal are the wards ; and there are two clefts in the bit of the key 
to enable it to move without interruption. 

Tho tumbler- l(K*k is shown in its most simple form in jig. 1399. Here the bolt has 
two slots, a a, in tho upper part ; and behind the bolt is a kind of latch, 6, which 
carries a projecting piece of metjd ; c, this is the tumbler, which moves freely on 
a pivot at the other end. When the bolt is fully shot the projecting piece of metal 
fietlli into one notch, and when withdrawn it falls into the other. j£ will be evident 
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here that the action of the key is to raise the tumbler, bo that the bolt has free 
motion : this fWJtiou will be intelligible by tracing the action of the key on the dotted 

linos. Tlicse tumbjor-lopks a^^e greatly varied in 
character; but in principle they are ae above 
described. 

Numerous well-known locks have been pa- 
tented, tlie most remarkable being Chubb’s 
lock, which has been fully described by the 
inventors in a paper read before the Institu- 
tion of Civil Engineers; and also in an excel- 
lent treatise on locks to bo found in Mr. Woale s 
Berios of useful manuals. This lock is essen- 
tially a tumbler-lock, it being fitted up with 
no less than six tumblers ; and the key has to 
raise, by a series of steps, those before the bolt 
is free to move. It will be obvious, that unless 
the key is exactly fitted to move these, there is no chance of moving the bolt. In this 
paper already alluded to Mr. Cliiibl) says : — 

‘The number of changes wliieli ma^' bo effected on the keys of a throe-inch 
drawer-lock is 1 x 2 x .3 x 4 x 5 x 6 = 720. the number of different combinations 
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which may be made on the six steps of unequal lengths without alUiring the length of 
either step. The height of the shortest step is however capable of being reduced, 20 
times ; and each time of being reduced, the 720 combination.s may bo repeated ; then*- 
fore 720x20 = 14.400 changes.* By effecting changes of this character, thereft^rc, 
almost any number of combinations can bo produced. The Bramah lock lias been long 
celebrated, and most deservedly so. Notwithstanding the fact that tliis lock was picked 
by Mr. Hobbs after having the lock in lii.s pos.scssion for sixU^en days, it appears to us 
it most fully justifies the boiist made by 3Ir. Bramah in his ‘ Ibssi'ilation on the 
Construction (»f Locks.’ ‘Being confident,* he says. ‘ tliat I have cunlrivevi a security 
which no instrument but its projicr key can reach, and whieli may be so aj'plied as 
not only to defy the art and ingenuity of the mo.st skilful workman. l»ut to render tiie 
utmost force iiieflbctual, and thereby to secure what is most valued as wi II from dis- 
honest servants as from the midnight ruffian,! think myself at liberty tod^clare (wlmt 
nothing but the discovery of an infallible remedy would justify my duM losingl tlmt all 
dependence on the inviolable security of locks, even of tliose which are tvaistructed on 
the best principle of any in general use. is fallacious.’ lie then j)rocceds to deinonstr.itc 
the imperfections of ordinary locks, and to descrilx; his own. 

‘The body of a Braimib lock may ]>e considered u.s formed of two concentric 1 ras.s 
barrels, the outer one fixed, and the inner rotiiing witliin it. *J'ho inner l>arrel lia.s 
a projecting stud, wdiieh, wliile the barrel is rotriting, comes in contact with the bolt 
in such a way a.s to sho^a or lock it ; and thus the stud si r\ es the .same purpo.se a.s 
the bit of an ordinary key, rendering the construction ot a bit to the Bramali k> v 
unneoessaiy'. If tlie barrel can be made to rotate to the right or left, tin- bolt can l*c 
locked or unlocked, and the problem i.s. therefore, liow to insure tie* r .ialion of 
barrel. The key, which has a pi]»e or hollow thafl, is inserted in llic ki vhwlo u}<on 
the pin, and is tlien tunied round; but ihercj mu.st bu a nice udju.simeni of the lut-- 
chanism of the barrel before this lurning round of the key and llm barn l can be in- 
sured. The barrel has an external groove at right angles to the axis, ]Hmet ratine: t ; 
a certain depth ; and it has also sc?veral int-crnal longitudinal gro'.ve.s from end tv* 
end. In th^ internal grooves thin pieces of steel are able to siidi-, in a direct i<»n 
parallel with the axis of the barrel. A thin }ilaU of steel, called the bw-king plati*. is 
screwed in two portions to the outer barrel, concentric w‘iih the inner barrel ; ami at 
the same time occupying the external circular groove of the inner barrt 1 ; this platu 
has notches, fitted in number and size Uf receive l}](; c^lges of the .slides which work in 
the internal longitudinal grooves of the Ijarrel. If this wt all, the barrel could not 
revolre, because the slides are catching in the grooves of the l(x.’king j.luU; ; but each 
slide has aiao a groove, corresponding in depth to the exUint of this entanglement ; and 
if this groove be brought to the plane of the locking plate, the barrel can be turned, 
to far as respects the individual slide. All the slides must, however, be so adjusted, 
tiuA their grooves shall come to the same plane ; but, as the notch is cut at different 
mints in the lengths of the several slides, the slides have to be pushed in to diffbnmt 
distances in the barrel, in order that this juxta}>osiiioM of notches may be insured, 
!nils is effected by the key, which has notches or clefts at tlie cud of Uie pipe equal iu 
wnber to the slides, am made to fit the ends of the slides when the key is iu- 
Mfted; the key preeses each slide, and pushes it so far as the deptli of its cleft will 
pniwit; and all these depths are such tlmt all the slides are puslmd to the exact 
foriliofi their notches ail lie in the same plane ; this is the plane cd‘ the locking 
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plato, and the barrel can be then turned .’ — Tomlinmi on the Construction of Locks. 
In this work the details of construction are given with great clearness. 

The American bank locks, especially that of Messrs. Day and Newall, hare ex- 
cited much attention. Their English patent describes it thus:- 

‘ The object of the present improvements is the constructing of locks in such 
manner that the interior arningements, or the combination of the internal moveable 
parts, may bo changed at pleasure according to the form given to, or change made in, 
key, without the necessity of arranging the moveable parts of the lock by hand, 
or remomng the lock or any part thereof from the door. In locks constructed on 
this plan the key may be altered at pleasure ; and the act of locking, or throwing out 
tlie bolt of the lock, produces the particular arrangements of the internal parts, 
which correspond to that of the key for the time being. AVhile the same is locked, 
this form is retained until the lock is unlocked or the Ixdt withdrawn, upon which 
the internal moveable parts return to their original position, with reference to each 
other; but these parts cannot bo made to assume or be brought back to their original 
position, except by a key of the precise form and dimensions as the key by which they 
were made to assume such arrangement in the act of locking. The key is change- 
al>l(' at ph'asure, and the lock receives a. special form in the act of locking according 
to the key employfvl, and retains that form until in the act of unlocking by the same 
key it resumes its original or unlocked stiita The lock is again changeable at plea- 
sure. simply by altering the arrangement of the moveable bits of the key ; and the 
key niiiy be chang(‘d to any one of the forms within the number of permutations of 
which the parts are susceptible.’ — April 16, 1861. 

Air. Hobbs who has been carrying out the manufacture of American locks in this 
countr\’ lias intrcKluced an inexpensive lock, which ho calls a 'protector lock. The 
f<<Ilowing (h'seription is l)orrowed from Mr. Charles Tomlinson’s ‘Treatise on the 
Cunst motif *n of liocks’; — 

•^Vhen the American locks became known in England, Mr. Hobbs undertook 
the snperintendeneo of their manufacture, and their introduction into the commercial 
Murhi. Sueh a look ns that just described must necessarily be a complex piece of 
nu'clianisni ; it is iritfuided for use in the doors of receptacles conbiining property of 
gre;it value; and the aim has been t*) baffle all the methods at present known of 
j'iekiniT IfK'ks, by a combination of mechanism necessarily elaborate. Such a lock 
must < if ncc.'ssity be Cfistly : but in order to supply the demand for a small lock at 
m<»<!rriite ]'rice, Mr. Hobbs lias introfliioed what he calls protector lock. This is a 
moiiitieation of the ordinarv six-tumbler loc'k. It bears an affinity to the lock of 
AI es.srs. Day and Newall, inasmuch as it is an attempt to introduce the same prin- 
ciple of security against picking, while avoiding the complexity of the changeable 
lock. The < list i action which Air. Hobbs has made between secure and insecure locks 
will bfi understood from the following proposition : viz. ‘ that whenever the parts of 
a lcK*k which come in contact with the key are so affected by any pressure applied to 
the bolt, or to that portion of the lock by which the bolt is withdrawn, as to indicate 
the points of nvsisUnce to the withdrawal of the bolt, such a lock can be picked.’ 
Fig. HOI exhibits the internal mechanism of this new patent lock. It contains the 
usual contrivances of tumblers and springs, w’ith a key cut into steps to suit the dif- 
ffTOMt hidgliis to which tlie tumblers must bo raised. The key is shown separately 
in Jig. 1102. Hut there is a small additional piece of mechanism, in which the 
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iumhUr stump ifiown at s in figs. 1400 and 1401 is attached ; which piece )s intmded 
to work Ufider or behind the lolt the lock. In Jig* UOl, 6 is the bolt; ^ < if tbo 
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;teit or foenort of tbo Mige of eiz tumblers, each of which has the usual slot and 
iBHOtehes. la oftker twnbler-lb^ the stump or stud which moves along these slots is 
rireted to the bolt» in ouch manner that, if any pressure be applied in an attempt to 
withdraw the bolt, the stamp becomes pressed against the edges of the tumblers, and 
bites or binds against them* How far their biting facilitates the picking of a lock 
will be diownfhmer on ; but it will suffice here to say, that the moveable action given 
to the aUiinp in the Hobbs lock transfers the pressure to another quarter. The stump 
s is ziteted to a pecaliarly-Bhaped piece of metal kp {fig. 1400), tho hole in the centre 
of whidi hts a centre or pin in a recess formed at the back of the bolt ; the 
piece mores eamly on its centre, but is prevented from so doing spontaneously by a 
waall binding spring. The mode in which this small moveable piece takes part in tlie 
aetkm of the lock is as follows : when the proper key is applied in the usual way, the 
tnmblem .are aU raised to the proper heights for allowing the stump to pass hori- 
aotttally through the grating; but should there be an attempt made, either by a false 
l»qr or by any other instrument, to withdraw the bolt before the tumblers are pro- 
perly raised, the stump becomes an obstacle. Meeting with an obstruction to its 
passage, the stump turns the piece to which it is attached on its centre, and moves the 
arm of the piece ^ so that it shall come into contact with a stud riveted into the case 
of the lock ; and in this position there is a firm resistance against the withdrawal of 
the bolt. The tumblers are at the same moment released from the pressure of tho 
stump. There is a dog or lever d, which catches into tho top of the bolt, and 
thereby BerveB as an additional security against its being forced back. At k is the 
drill-pin on which the pipe of the key works ; and r is a metal piece on which the 
tumblers rest when tho key is not operating upon them. 

Another lock, patented by Mr. Hobbs in 1852, has for its object the absolute 
closing of the key-hole during the process of locking. The key does not work or 
turn on its own centre, but occupies a small cell or chaml>er in a revolving cylinder, 
which is turned by a fixed handle. The bit of the moveable key is entirely separable 
from the shaft or stem, into which it is screwed, and may be detached by turning 
round a smikll milled headed thumb-screw. Tlie key is placed in the key-hole in 
the usual way, but it cannot turn ; its circubar movement round tho stem as an axis 
is prevented by the internal mechanism of tho lock; it is left in the key -hole, and 
the stem is detached from it by unscrewing. By turning the handle, the key-lat, 
whidi is left in the chamber of the cylinder, is brought into contact with tho works 
of the lock, so as to shoot and withdraw the bolt. This revolution may tiike place 
whether the bit of the moveable key occupy its little cell in the plate or not ; only 
with this differenoe — that if the bit be not in the lock, tho plate revolves without 
acting upon any of the tumblers ; but if the bit be in its place, it raises the tumblers 
in the proper way for shooting or withdrawing the bolt It will bo understood that 
there is only one key-hole, namely, that through which the divisible key is in- 
serted; the other handle or fixed key working through a hole in the cover of the 
lock only just large enough to receive it, and not being removable from the Icn-k, 
As soon as the plate turns round so fur as to enable the key-bit to act upon the 
tumblers, tho key-hole becomes entirely closed by the plate itself, so that the actual 
locking is effi»cted at the very time when all access to the interior through the key- 
hole is cut offi When the bolt has been shot, the plate comes round to its original 
imsitioB, it nneovers the key-hole, and exhibits tlie key -bit occupying the little cell 
into idiich it had been dropped ; the stem is then to bo screwed into the bit, and the 
latter withdrawn. It is one consequence of this arrangement, that tho key Ims to be 
screwed mud unscrewed when used; but through this arrangement the key -hole 
beeOBies a sealed book to one who lias not the li^ht key. Kothing can be moved, 
provided the bit and stem of the key be both left in ; but by leaving in the lock the 
lonner withoat the latter, the plate can rotate, the tumblers can lifted, and tho 
bolt c an bs sh ot 

IiMNnT nun* a Korth American tree, the Rohinia paeudiicacia. * It grows 
most abtmdaatly in the southern States ; but it is pretty generally diffiised through 
the whole couotiy. It sometimes exceeds four feet in diameter and seventy feet in 
height. The locust is one of the very few trees planted by the Americans.’ This 
wo^ is modi used for ships* tree-nails, and is employed for suikes and pales. 

The wood of the J^gmefUM Churbaril is also known as locust wood. 

. MB11 (a mmug iefrm\ A mineral lode, or a mineral vein, is the name given to 
nissavs in the crust of the earth which has been filled in with metalliferous matter, 
mo wduer giret the onue name lode to a fissure filled with quartz, carl»onate of lime, 
#r« hut then he says the lode is not * mineralised,' confining the word * mineral ’ to 
matter. 

the couditiao of 



LUBRICATING OIL 


148 




in the remotest degree any resemblance^ Daring some primary ednTnlflfbiM, the 
crust of the earth has been cracked, these fissures haying, of course, some special re- 
lation to the direction of the forpe which produced them. These cracks hare dttring 
ages of submergence been filled in, according to some law of polarity, with minereS 
matter, the character of the lode having generally some special relation to ito direc- 
tion. See Mikino. 

IKIOWOOB (Bois de CampSche, BaU bleu, Fr. ; Blauhclz, Ger.) is the wood 
the Hamatoxylon Campechianum, a native tree of Central America, ^wn in Jamaica 
since 1716. It was first introduced into England in the reign of Ehzabeth, but as it 
afforded to the unskilful dyers of her time a fugitive colour, it was not only prohibited 
from being used, under severe penalties, but was ordered to be burned wherever found, 
by a law passed in the 23rd year of her reign. The same prejudice existed, and the 
same law was enacted against indigo. At length, after a century of absurd prohibition, 
these two most valuable tinctorial matters, by which all our hats, and the greater part 
of our woollen cloths, are dyed, were allowed to be used. The logwood tree grows 
from 40 to 50 feet high, the stems are cut into logs of about 3 feet long, the bark and 
white sap (alburnum) of which are chipped off, the heart or red part only being sent 
to England. Chovreul gave the constituents of logwf)od m volatile oil, hmmatin, resin- 
one matter, tannin, glutinous matter, acetic acid, sundry salts of lime, with alumina, 
silica, manganese, and iron. The decoction of logwood is of a deep dull red, which is 
rendered paler and of a brighter colour by acids. Alkalis give it a purplish or violet 
colour. Acetate of lead causes a blue, alum a violet precipitate ; the salts of iron 
make it a dark violet blue, gelatino forming a reddish precipitate with it. The 
colouring principle of logwood is a crystallisable substance known as hematoxylin, 
which contains (C‘®K'*0®). 

Old wood, with black bark and with little of the white alburnum, is preferred. 
Logwood is denser than water, specific gravity, l*057i Y^ry hard, of a fine compact 
grain, and almost indestructible by the atmospheric elements ; it has a sweet and 
astringent taste, and a peculiar but inoffensive smell, and will take a fine polish. 

When chipped logwood is for some time exposed to the air, it loses a portion of its 
dyeing power. Its decoction absorbs the oxygen of the atmosphere, and then acquires 
the projHjrty of precipitating with gelatine, which it had not before. The dry extract 
of logw(X)d, made from an old decoction, affords only a fugitive colour. 

For its applications in dyeing, see Black Dye ; Calico Pbiktino ; Dyeing j Hat 
Dveikg, &C. 

Imports of Logwoods 



1871 

1872 * 


Tons 

£ 

Tons 

£ 

From France . , . . 

649 

4.885 

• • • 

• « • 

„ United States . 

705 

4,755 

616 

4,004 

„ Spanish West Indies . 

190 

2,090 


... 

llayti and Domingo . , | 

2,832 

12,791 

4,319 

23,864 

,, Mexico . . . . i 

1,009 

7,693 

2,099 

18,220 

„ British West Indies . 

24,059 

115,957 

32,792 

157,346 

„ British Honduras . . i 

9,174 

43,550 

5,660 I 

I 25,693 

,, Other countries . 

728 

4,080 

535 : 

3,908 

Total . 

39,346 

195,801 

< 

46,021 

1 

• 233,035 


l^UVCIXTS. An arsenide of iron, resembUng mispickel. It is occasionally 
auriferous, and has been worked for gold at Eeichenstein in Silesia. See Pyeitbs. 
tiOOXlVa O&AftS. See IdiBuoBS. 

{Metier a iisser, Fr. ; Weberstuhl, Ger.) is the ancient and well-kno^ 
machine for weaving cloth by the decussation of a series of parallel threads, which 
run lengUiwise, colled the warp or chain, with other threads thrown transversefy with 
the shuttle, called the woof or weft. See Jacquabd Loom and Wbavw^ 

liOVABB. The Levisticum officinale, on umbelliferous plant, wm Mp m iti e 
fruit. 

&imsOAWS. Oleaginous or fatty bodies employed for the pnxpOis ef ndwalng 
the friction between two parts of a machine or carriage. 

BramiOAVnra osit* This name has recently been specially given to on oil 
or grease prepared from the mineral naphthas. It ought to have a iq^etilie gvOTii^ 
Turying from 0*920 to 0*960, and to posMSs but a wy alij^ tOm I H t i # m 
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MkttiB pMtiliii, j»t it ofos^t not to deposit any when cooled to 2^ Cent. See 

KAntnu. 

MnUUDOJkVmr. The labrication of the wheel and axle of railway carnages is 
•Ifected by a hind of soap : a combination of cocoa-nut oil or palm oil, or ordinary fats, 
with soda being the * grease * with which the boxes are filled. The heat produced 
by Uie fidction melts the grease, and it flows out upon tlie parts in motion through an 
Opening in the bottom of the box. Heavy machinery, such as pumping-engines, 
reqiure tenacious bodies as their lubricants, while the finer parts must be carefully 
oiled with dils as free as possible from any of the fatty acids. Spinning machinery', 
for example, must be lubricated with the finest oils, or, as it is found to be still better, 
with those peculiar hydro-carbon compounds, as parafl^, glycerine, and the like. 
The following is a simple and efficacious plan of lubricating the joints and bearings 
of machinery by capillary attraction, the invention of Edward Woolsey, Esq. : — 

Fiff. 1408 repres^ts a tin cnp, which has a small tin tube A, which passes through 
the bottom. It may have a tin cover to keep out the dust. 

Fig. 1404 is a plan of the same. 

Fig, 1400 is a section of the same. Oil is poured into the cup, the one end of a 
worked or cotton thread is dipped into the oil, and the other end passed through the tube. 

The capillary attraction causes the oil to ascend and pass over the orifice of the tube, 
whence it gradually descends, and drops slower or quicker according to the length of 
the thread or its thickness, until every particle of oil is drawn over by this capillary 
siphon. The tulie is intended to be put into the bearings of shafts, &c., and is made 
of any size that may be wished. If oil, or other liquids, is desired to be dropped upon a 
grindirixme or other surface, this cup can have a handle to it, or be hung from the ceiling. 

Fig. 1 486. It is frequently required to stop the capillary action when the machinery 
is not going ; and this has b^n effected by means of a tightening screw, which passes 
through a screw boss in the cover of the cup, and presses against the internal orifice 
of the tube, preventing the oil from passing. 

Fig. 1407. As when these screw cups are uscsd upon beams of engines and moving 
liearings, the screw is apt to l>e tightened by the motion ; and also, as the action 
of the screw is uncertain, from the workman neglecting to screw it down sufficiently, 
it answers best to take out the capillar}' thread when the lubrication is not required ; 
and to efibet this easily, a tin top is fixed to the cup, with a round pipe soldered to it : 

this pi}ie has a slit in 
it, like a pencil-case, and 
allows a bolt b to slide 
easily. In Jig. 1408 the 
bolt is down ; in Jig. 1400 
the l>olt, which is a piece 
of brass wire, is drawn 
up, and thus the flowing 
of the oil is checked. In 
Jig. 1400 it will be ob- 
served. that the bolt is 
kept in its place by its 
liead c, resting in a lateral 
slit in the pi])o, and it 
cannot be drawn out on 
account of the pin e. 
One end of the thread is 
fastened to the eye-hole 
At the bottom of the bolt, 
and the other end is tied 
to a small wire which 
crosses the lower orifice 
of the tube at d, and 

1 which is shown in plan, 
1/^^. 1410. 

The saving by this 
plai^ instead of pourii^ 
oil into the beanngi, is 

2 gallons out of 8, while 
the bearings are better 
oiled. 

o D ***'* The saving in labour 

V is considerable where 

IbortiiBiiaday; and the vcHckmui doei 
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not, with thif apparatus, run the risk of beings caught by the machinery* tTo tie on 
the cotton or worsted thread, pass a long thread through the eye-hole, b, of tho bolt, 
and then draw the two ends through Ae tube by a fine wire with a hook to it, one 
end on one side of the cross-wire D, and the other end on the other side. Then put 
the cover on, and the bolt in the position shown in Jiff, 1409 ; when, by drawing the 
two ends of the thread, and tying them across the wire d, you have the exact length 
required. When you wish to see the quantity of oil remaining in the lubricator, the 
bolt must be dropped, as in Jiff, 1408, and you can then lift the cover a little way 
without breaking the thread, and replenish with oil. The figures in the woodcut are 
one-third of the full size, 

liVCZl*BX IIATOBU* The importance of this manufacture has been shown 
by Mr. Tomlinson in a communication made by that gentleman to the * Journal of the 
Society of Arts.^ * It has been estimated,’ ho says, ‘ that the English and French 
manufacturers of phosphorus are now producing at the rate of 300,000 lbs. of common 
phosphorus per annum, nearly the whole of which is consumed in making lucifer 
matches. In compounding the emulsion for tipping the matches^ the German manu- 
facturers make three pounds of phosphorus suffice for live or six millions of matches. 

If we suppose only one-half of the French and English annual product of phosphorus 
to be employed in making matches, this will give us 250,000,000,000 of matches as 
the annual product consequent on the consumption of one-half of the French and 
English phosphorus. We need not suppose this to be an exaggerated statement when 
we consider the daily product of some of our match manufactories. I lately had occa- 
sion to describe the processes of a London factory, which produces 2,500,000 matches 
daily. For this purpose, fourteen 3-inch planks are cut up ; each plank produces 30 
bl^s; each block, of the dimensions of 11 inches long, 4^ inches wide and 3 inches 
thick, produces 100 slices; each slice 31 splints; each splint 2 matches: thus we 
have — 14 x30xl00x31x2~ 2,604,000 matches as the day’s work of a single factory 
in London. At Messrs. Dixon’s factory, near Manchester, ^m 6,000,000 to 9,000,000 
of matches are produced daily.’ 

The lucifer matches formerly employed for procuring a light were the wooden 
sulphur matches, coated with a paste containing phosphorus, which, when dry, would 
ignite by friction. To prepare the paste, phosphorus was melted with a certain 
quantity of water at 120®, the requisite proportion of nitrate, with a small proportion 
of chlorate of potash, was dissolved in this water, a small quantity of binoxide of 
manganese or red lead added, and the liquid thickened with gum ; the whole was 
well triturated together in a mortar till the globules of phosphorus ceased to be 
visible to the eye, and the mass was coloured with Prussian blue or with minium. 
The points of the matches were dipped into this paste, and then cautiously dried in a 
stove. The use of the gum was to servo as a varnish to protect the phosphorus from 
oxidation by the air. 

For the rapid manufacture of the wooden splints for lucifer matches, a patent was 
obtained by Mr. Keuben Partridge, in March 1842. He employed a perforated 
metallic plate, having a steel face, strongtheued by a bell-metal back ; see Jigs. 1411, 
1412. The size of the perforations must depend on that of the desired splints; but 
they must be as close together as possible, that there may be a very small blank 
space between them, otherwise the plate w'ould afford too great a resistance to the 
p^issage of the wood. By this construction, the whole area of the block of wood 
may be compressed laterally into the countersunk openings, and forced through the 
holes, which are slightly countersunk to favour the entrance and separation of the 
wooden fibres. Fig, 1411 represents the face of one of these plates ; and Jig. 1412 is 
a rectangular seetiou through the plate. A couvenient size of plate is 3 inches broad, 

6 inches long, and 1 inch thick. The mode of pressing is by fixing the back of the 
plate against a firm resisting block or bearing, having an aperture equal to the area 
of the perforations in the plate, and then placing the end of the piece or pieces of 
wood in the direction of the grain against the fiice of the plate within the area of Gia 
perforated ]X)rtion. A plunger or lever, or other suitable mechanical agent, beiitf 
then applied to the back or reverse end of the piece of wood, it may be forced through^ 
the perforations in the plate, being first split as it advances by the cutting edges of 
the holes, and afterwards compressed and driven through the perforations in tka 
plate, coming oat on the opposite side or back of the plate in the form of a mnltituda 
of distinct splints, agreeably to the shapes and dimensions of the perfoiatims* 

The first stage in the manufiicture of lucifers is the cutting the wood, wld^ is jtoyt 
according to the extent of the manufactory, either by hana Gt by maehuicfj* Tlus# 
as well as the subsequent process of counting and placing the matches is fieaaisSt ki is 
itself necessarily free from any inconvenience or evil consequences ; nor does Hmsup 
that the third stage, which consists of melting the sulphur and dipplpg tl|s h a adl of 
the matches is it, produces any iucoovenieuce. The fiourtbt fifth, sudih, asd asfiBEth 
VoL. flL L 
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ita^ ooniptiae tihe giindioff, muUering, and mixing of Uie explosire compound ; the 
ptoetea of Otppiiig tlie mattes in it, the counting and boxing. The dipping, counting, 



and packiBg appear to be, according to 3Ir. Geist, the only departments in which tlie 
workpeople are in any way affected with peculiar complainte; wc would even limit 
the appearance of the jaw-disease to those engaged in dipping— at least, all that wo 
have examined on the subject were unanimous as to the fact that dippers only were 
attacked. There is a certain degree of secrecy observed relative to the proportions of 
the composition ; and the mixture of the materials is generally performed by the pro- 
prietor of the manufactory, or l>y a confidential workman. Chlorate of potash is 
sundered an essential ingredient in England ; but in the maniifact^>ries at Nurnl>erg 
it has not been employed for a number of years, as its explosive properties much en- 
dangered the safety of the buildings and tbe limbs of tlie workmen. 

The composition used in Niimberg consists of one-tliird of phosphorus, of gum- 
arabic (which is eschewed by English manufacturers on acccnint of its hygrometric 
property), of water, and of colouring-matter, for which either niinium or Prussian blue 
IB employed. If ignition be required without a flame, the quantity of jthosphorus is 
din^iBhed, or nitrate of lead is added. The mixing is conducU^ in a water-bath ; and 
dazing this process, and as long as the phosphorus is being ground or ‘ mullere<l,’ 
copious fumes are evolved. The dipping is performed in the following manner :~The 
*P ^Ited composition is spread upon a board covered with cloth or leathtr, and the 
workman dips the two ends of the matches altornately tliat are fixetl in the fnimc ; 
and as this is done with great rapidity, tlie disengagement of fumes is ver>* con.sider- 
able, and the more liable to be injurious, as they are evolvtid in a very eonceniratt*<l 
focm close to the face of the workman. This department is genenilly left to a single 
workman ; and the average numl^r that he can dip in an hour, supjxjsing eiieh frame 
to hold 11,000 matches, would be 1,000,000. 

As the matches have been dipped, they require to be dried. This is generally 
done in the room in which the former process is carried on ; and as a teinpeniture of 
from 80® to 90® Fahr. is necessa^, the greatest quantity of fumes is evolved at this 
■tMe. HThra the matches are dried, the frames are removed from the drying-room, 
ana the lu^en are now ready to l»e counted out into boxes. As this is done with 
gwat rapidi^ they frmently take fire, and, although instantly extinguished in the 
■awdnst or the water which is at hand, the occurrence gives rise to an additional and 
frequent evolution of fumes. 

^The eompoBition of ludfar matches varies greatly, as it regards the proportions of 
ttePute aials employed. In principle they are, however, as wo have described them 
•wvu; evsiythiiig d^n^ng on the i^ition of the phosphorus, and tbc perfection of 
A liia far m at ch is in tipping the match with a composition wliieli will ignite quietly 
against any rough aurface, but which is not liable to ignition by such 
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presBure as it may be subjected to under the ordinary condition of keeping in idoeod 
boxes. 

According to Dr. E. Bottger, in Aniuden der Chmie und Pharmacie, toI. slvii. 
p. 334, the best composition for lucifer matches is— 

Farts Farts 

Phosphorus .... 4 I Eed ochre, or rod lead . , 6 

Nitre | Smalt 2 

Fine glue ... , ,6 | 

Convert the glue, with a little water, by a gentle heat into a smooth jelly, put it into 
a slightly-warm porcelain mortar. to liquefy; rub the phosphorus down through this 
gelatine at a temperature of about 140® or 160° Fahr. ; acid the nitre, then the red 
powder, and lastly the smalt, till the whole forms a uniform paste. To make writing- 
pa j^r matches, which burn with a bright flame, and diffUse an agreeable odour, 
moisten each side of the paper with tincture of benzoin, dry it, cut it into slips, and 
smear one of their ends with a little of the above paste by means of a hair-pencil. 
On rubbing the said end, after it is dry, against a rough surface the paper will take 
lire, without the intervention of sulphur. 

To form lucifer wood-matches that act without sulphur, melt in a flat-bottomed tin 
pan as much white wax ns will stand Ajth of an inch deep ; take a bundle of wooden 
matches free from resin, rub their ends against a red-hot iron plate till the wood bo 
slightly charred ; dip them now in the melted wax for a moment, shake them well 
on bvking them out, and finally dip them separately in the above >nscid paste. When 
dr}^ they will kindle readily by friction. 

The phosphorus may be introduced into the composition of lucifer matches in the 
form of a solution in bisulphide of carbon. It has been suggested by C. Puschor to 
employ a sulphide of phosphorus in the place of pure phosphorus. 

A ‘ Safetp lAicifer Match^ as it is called, has been manufactured at Jonkoping in 
Sweden and by Bottger in Germany. A patent was obtained in this country, by 
Messrs. Brypt and May, for tliis match. Its peculiarity consists in the division of 
the combustible ingredients of the lucifer between the match and the friction-paper. 
In the ordinary lucifer the phosphorus, sulphur, and chlorate of potash or nitre, are 
all togcthiT oil the match, which ignites when rubbed against any rough substance. 
In tile Swtslish matches these materials are so divided that the phosphorus is placed 
on the sand-paper, whilst the sulphur and a minimum amount of chlorate or nitrate 
of iKitash is placed on the match. In virtue of this arrangement it is only when the 
phosphoristKl sand-pa j>er and the sulphurised match come in contact with each other 
that the ignition occurs. Neither match nor sand-paper, singly takes fire by moderate 
friction against n rough surface. The phosphorus used in the sand-paper for these 
iwifety matches is the amorphous variety described below. 

The prepjiration of lucifer matches ha.s been attended with much human suffering. 
Kvory {>ertion engaged in a factory of this kind is more or less exposed to the fumes 
of phosphorus, and this exposure produces a disease which has thus been described by 
Mr. Harrison in the • Quarterly Journal of Medical Science ’ ; — ‘ This disease,’ he says, 

* is of so insiilious a nature that it is at first supposed to be common toothache, and 
a most serious disease of the jaw is produced l)efore the patient is fully aware of his 
comlilion. The disea.se gnidually creeps on, until the sufferer becomes a miserable and 
loathsome object, spending the best period of his life in the wards of a public hospitaL 
Many j>atients have died of the di.sea.se ; many, unable to open their jaws, have 
lingere^l with carious and necrosetl Ikhu's ; others have suffered dreadful mutilations 
from surgical oiH-rations, con.sidering thoniselves happy to escape with the loss of the 
greater portion of the lower jaw.’ 

By the intnxluction of an amorphou.s phosphorus discovered by M. Schrotter, 
which is in nearly all respects unlike the ordinary phosphorus, except in combustibility, 
but which answers exceedingly well for the manufacture of lucifer matches, this disease 
is prevented, the manufactory is rendered more healthy, and the boxes of matchei 
themselves less dangerous, 

Lucifer maU'hes are now manufactured without sulphur. Letchford employs 
parafliu or paraftin-oil for saturating the wood : those ignite rapidly, and bnntt 
regularly with little or no smell. Notice und approbation are due to the persever- 
ing efforts which have been made to produce friction matches, containing neither 
ordinary nor amorphous phoepboru.H. Wioderhold has proved ^at ludier 
of good quality may be made with chlorate of potash and hyposulphite of lead : a 
result which may prove most valuable, should experience show it to be attaisabla on 
tile industrial scale. Other maUdies free from pnosphorus have been with the 
following mixtures, which are given by Jettel: chlorate of potash 4 parts, snl^Hir 
1, and bichromate of |x>Ush, 0 4 ; or, chlorate of potash 7» sulphur 1, biohmufta of 

L 2 



m 


LUTEOLINB 


^potash 3, and nitrate of lead 2 ; or, chlorate of potash 8 parts, bichromate of potash 
0’6, and eolphide of antimony 8. Wiederhold’s mixture, mentioned above, may be 
eaade of chlowu of potadi 7'8 parts, hyposulphite of lead 2*6, and gum-arabic, 1. 

lillMUMmUAv or J^re? Marble. This is a dark-brown shelly marble, having 
bril liant deiy or chatoyant reflections from witiiin. See Marble. 

liW^iAli ^OAVSTIC. A name for nitrate of silver, when fysed and run into 
cylindrical mpulds. 

lilWPnara is a substance of a gummy appearance, so named by M. Cussola, 
bec ause it w as obtained jfrom Lupines. 

AimfXinrB. The peculiar bitter aromatic principle of the hop, Humulns Lvpu- 
lu8. See Bbbe. 

VfihVJkmOf sometimes spelled and pronounced Lutestriny ; a peculiar shining 
silk, 

ZIUTM (from iMmu clay ; Imt^ Fr. ; Kiiie, Bcschldge, Ger.) is a pasty or loamy 
matter employed to close the joints of chemiail apparatus, or to coat their surfaces, 
and protect them from the direct action of flame. Lutes differ according to t he nature 
of the vapours which they .are destined to confine, and the degree of heat which they 
are to be exposed to. 

1. Lute of linseed~7nenl, made into a soft plastic dough with water, and immediately 
applied pretty thick to junctions of glass, or stoneware, makes them perfectly tight., 
“hardens speedily, resists acids and ammonincal vapours, as also a moderate degree of 
heat. It becomes stronger when the meal is kneaded with milk, lime-water, or solu- 
tion of glue, and is the best lutt* for fluo-silicic acifl. 

2. Lute of thick gum-water, kneaded with clay, and iron filings, serves well for 
permanent junctions, as it becomes extremely solid. 

8. By softening in water a piece of thick brown pajvr, kneading it first with rj’c- 
flour paste, and then with some potter s clay, till it acquire the proper consistence, a 
lute is formed which does not readily cr.ick or scale off. 

4. Lute, consisting of a strong solution of glue kneaded into a dough with new 
slaked lime, is a powerful cement, and, with the addition of whito-of-egg. forms 
the lute d‘&ne — a composition adapted to mend broken vessels of porcelain and stone- 
ware. 

6. Skim-milk cheese, boiled for some time in water, and then triturated into paste 
with fresh-slaked lime, forms also a good lute. 

6. Calcined gypsum (plaster-of-Paris), diffused through milk, solution of glue, 
starch, or gum-w’ater, is a valuable lute in many cases. 

7. A lute made with linset^d, mtdtcd caoutchouc, and pipe-clay, incorporated iato a 
smooth dough, may be kept long soft when covered in a cellar, uu«I serve.s admirahly 
to confine acid-vapours. As it does not harden, it may therefore be applied and taken 
oflT as often as we please.- 

8. Caoutchouc itself, after being melted in a sfoon, may be advantegeou.'-ly used for 
securing joints against chlorine and acid A'af»ours. in cTiiergeiicies when nothing else 
would be effectual; or we may use 1 jiart of tyioutehouc dissolved in 2 jwirts of hot 
linseed-oil, and worked up with pipe-clay (3 parts) into a plastic mass. Jt l»ears tjic 
heat at which sulphuric acid boils. 

9. The best lute for joining crucibles invert e<l into each ot her i*^ a dough made with 
a mixture of fresh fire-clay and ground firc-l>ricks, work(;d with water. That cement, 
if made writh a solution of borax, answers still better upon sonic occasions, as it be- 
comes a compact vitreous mass in the fire. 

is the colouring-principle of the weld {Reseda hittola), a slender 
^ant, g^wing to the height of al^ut three feet, and cultivated for tlie use of dyers. 
Wh«D ripe it is cut and dried. 

CSievreul was the first to separate the luteolim. It is extracted from the weld by 
boiltng-WEter, and when this s<dution is concentrated and allowed to cool, the luteo- 
line separates ; it is then colieclod, dried, and submitted to sublimation, when it is 
oondenM in yellow needles. 

It is valued for its durability, and is used as a yellow dye, on cottons principally, 
and also on silks, but is little used at present. It w'as formerly used by paper-hanging 
manuftMitureri, to form a yellow pigment, but has been entirely superseded for that 
purpose by tptercUron bark and Arsian berries. It unites with acids and alkalis, tlie 
xbrmer making the colour pider, and the latter heightening the colour. The compound 
which it forms with potash is of a golden colour, becoming greenish when exposed to 
m air, by absorption of oxygen, and at length becomes rS. 

Ft forms yellow compounds with alum, protocbloride of tin, and acetetc of lead ; 
yith th e salu of iron ft produces a blackish -grey precipitate; and with sulphate of 
a grsenisb-brown precipitate. 

Ill tendlly soluble in nloohol end ether» bat sparingly so in water. K. B. 
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liUTXUnnBt A volatile nitryle base, discovered by A^der80^ 

in bone-oil. It has also been found in shale-naphtha, coal-naphtha, and in crude 
chinoline. 

XiTCOVOBZVK CZiAVATUM. The spores of the lycopodium, or club-moss, 
ripen in September. They are employed, on account of their great combustibility, in 
theatres, to imitate the sudden flash of lightning, by throwing a quantity of them 
from a powder-puff, or bellows, across the flame of a candle. They are sometimes 
known as ‘ vegetable sulphur.’ 

BTBlASr BTOITB, Touchstoiie^ or Basanite. A flinty variety of jasper, used on 
account of its hardness, fine texture, and velvet-black colour, for tiying the purity of 
the precious metals. The amount of alloy is indicated by the colour left on the stone 
after the metal has been rubbed across it. 

XiTBBXiXTX. A basic sulphate of copper, occurring as a blue incrustation on 
killns, from certain Cornish mines. It is named after Sir Charles Lyell. According 
to Twdiermak, it is a mixture of langite and gypsum. 

XiTSrX. An animal producing a favourite fur of a greyish- white with dark spots. 
Most of the lynx-fur is imported from North America, and is obtained from tlie 
Canadian lynx (Fe/is Canadensis), 


M 


MACABOWZ is a dough of fine wheat-flour, made into a tubular or pipe form, of 
the thickness of goose-quills, which was first prepared in Italy, and introduced'into 
commerce under the name of Italian or Genoese paste. The wheat for this purpose 
must bo ground into a coarse flour, called ynuiu semoule, by the French, by means 
of a pair of light mill-stones, placed at a somewhat greater distance than usual. This 
semoule is the substance employed for making the dough. See Vermicilli. 

MACS is a somewhat thick, tough, unctuous membrane, reticulated, and of a yel- 
lowish-brown or orange colour. It forms tho envelope of the shell of the fruit of the 
Mf/risticu inoschata, the nutmeg. It is dried in the sun, after being dipped in brine ; 
sometimes it is sprinkled over with a little brine, before packing, to prevent the risk 
of moulding. Mace lias ;i more agreeable flavour than nutmeg, with a warm and 
pungent taste. It contains two kinds of oil: the one of which is unctuous, bland, and 
of the consistence of butter; tho other is volatile, aromatic, and thinner. Mace is 
used us a condiment in cookery, and the aromatic oil occasionally in medicine. Seo 
N UTMEO. 

MACBZBB8 FOB TBB CUTTZKG 07 COAB ZJT MZBZS. The severe 
character of tiie labour of the coal-mincr, and tho dangers connected with his employ- 
ment have led to .‘several mechanical a[>plianees, by Mhich tho task of ‘ hewing coal * 
might bo lessened, and tlie dangers attendant on tho work diminished. No one has 
given more attention to the subject than Mr. William Firth of Leeds, to whom wo are 
indebted for one of tho very first machines w'hich have been successfully employed in 
the cutting of eojil in mines. To this gentleman we ow'e tho following notice of tho 
progress made within tho past century in this direction ; — 

‘In 1761 Michael Menzies of Newca.stle oVitained a patent for cutting coal in mines, 
and that is the earliest ovideuco which wo have of any attempt having been made to 
produce a mechanical coal-cutter ; and his plans having regard to the time at which 
they were produced, were remarkable for their ingenuity. 

‘ Menzies’ specification is also remarkable in other respects, as showing that it was 
bis intention to make use of the ‘ fire-engine ’ as his motor ; which engine had, about 
two years proviou.sly, through tho improvements of Watt ami of Smeaton, attained only 
to so much perfection us to become a doubtful rival to the ‘water miln’or ‘wind 
mill],’ and the ‘ horse gin.’ 

‘By the power of one or other of these agents, he proposed to give motion to a heavy 
iron pick, made to reciprocate by moans of spears and chains, carried down the pit, 
and with wheels and horizontal spears, on rollers, extended to the working places, and 
there to “ shear ” the coal exactly as it is now performed. In the same mtent, Menxies 
included a “ saw ” Ui cut tlie coal ; and although nothing came from nis laboxm. he 
displayed so much mcehauical knowledge, as to have deserved success ; and his fiaUnre 
was evidently due to the absence of an eligible power, and not to his deficiancies as a 
mechanic. 

‘During the hundred years that followed these events more than a hondrsd 
other patents were applied for, and granted ; but amongst them all) there waa 
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wot OM aftchiBg that approached neaper to euccesw than the inrention of BCchael 

Jfeniiea 

*Thi» fact is not referred to in disparagoment of the patentees, for there were many 
eniioiis derioes» Sogenionsly arranged ; but the matter is referred to to show that the 
dgeet eaeoited mn^ continuous interest, and that amongst so many miscarriages, our 
ineelianks were still hopefhl. 

^Amon^ these deTioes may be enumerated tlie “saw,” “catapult,” “battering 
ram,’* “j^ugh,” “rotaiy wheel,” “endless chain,” “planing machine,” and many 
others by which the coal was to Jbe either crushed, cut, or shared out. 

* There had been no suitable power made known for driving the machines ; and it 
was to that cause, without doubt, that so many failures and disappointments were 
attributable. The steam-engine, even when it attained to its most perfect form, is 
not in itself sufficient for the purpose, because steam cannot be produced near to the 
place where the work has to bo done, nor can it be carried long distances in an effective 
condition, by reason of its rapid condensation. Moreover, an escape of exhaust-steam 
could not be permitted in the coal-mine, because of its tendency to soften and bring 
down the roof, the difficulty of maintaining which is already the most serious and 
troublesome part of coal-mining operations. 

* Hydraulic ppwer might, in certain cases, be, and has been recently, tried, but its 
unfavourable conditions exceed its advantiiges for the purpose of cutting coal in mines, 
Aud may be put aside from present considerations. 

‘But in compressed air, in so far as the moving power is concerned, every require- 
ment is found; and from the date of the experiments made at West Ardsley in York- 
shire, in 1862, the question was undoubtedly settled. 

‘The elastic propert}' of air under compre.ssion, is an old and well-known power; 
but until these experiments had been completed, its value was but imperfectly under- 
stood, and its future beneficial influence on coal-mining was unappreciated. 

‘The engine for compressing the air, by which a coal-cutting machine is worked, is 
generally placed on the surface, near to the U^pof the shaft : n receiver is fixed in close 
proximity thereto, and the air is taken from the compresser to the receiver, which is 
30 feet in length and 4 feet in diameter. 

* The density is generally of about three atmospheres. 

‘ Iron pipes of sufficient area are laid on from the receiver to the bottom of the .sliaft, 
and there, being split into smaller sizes, is led in every needed diroetion through tlie 
roads and passages of the mine, exactly as the gas and water serv'ices arc laid on in 

any town. 

‘At the entrance into the working places, screw joints or stop-cocks are fixed to the 
iron air-pipe, at which point an india-rubber iior', .50 or CO yards in length (/is the 
length of the “ benk” may require) is screwed on ; the otlu r end of the nose is /iiuichtvl 
to the cutting machine, and when all is in readiness, tlie tap at the receiver is turned 
on, and the air rushes down, and throughout the whole service of pipes. 

‘The air does not require to be forced from the receiver, for by its own elasticity it 
if carried forward at a velocity corresponding to its own density. 

‘Apparently it loses, if the arrangements are good, but little of its jK)Wer by 
distance, except the frictional ret/irdation ; and niHchines are w(»rking underground, 
at nearly two miles distance from the air-engine, witliout any serious loss of 
force.' 

Firtk*i (^-Cutting Machine.— A machine which maybe simply described as a ]»ick 
tdaoed horizontally, and worked by a crank motion, has for some five or six ye/irs 
(1874) been fteadily at work in the West Ardsley collieries. The eolliers, who at first 
^jeetM to ‘following the machine,* instead of working with their old iinplement.s, 
have at laqgth yielded to the erident advantages of the ‘ coal-cutter,’ and in many of 
our Ufgeet collieries these machines are now fairly introduced. 

We ainft now tarn to the consideration of this machine for cutting the c«il, as 
inwontad tyMr. William Firth. Fig, 1413 shows its form and construction; the 
weight is about 16 cwts. for an ordinary sized machine, its length 4 feet, its height 
2 feet 2 inches, and a gauge 1 foot 6 inches to 2 feet ; it is very j)ortaLIe, and easily 
tsansferred irtm one ‘ ^nk ’ to another. 

The front and hind wheels of the machine are coupled together in u similar manner 
to the coaided locomotive engines. The * pick’ or cutter is double-headed, whereby 
therooetiating power is considerably increased. 

Tlie groove is now cut to a depth of 3 feet to 3 feet 6 inclios at one course, whereas 
oy the old form of a single blade, the machine had to pass twice over the f/icc of the 
coal to accomplish the same depth. The points are loose and eolb red into the Loss, 
ao that when one is blunt or broken, it can be replaced in a few minutes. Jt di<«{)enses 
the necessity of tending the heavy tools out of the pit to be sharpened, and is au 
liMQio iny^tmont on the <dd pick* 
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When all is in readiness for work, the air is admitted to the machine, and the 
reciprocating action commences. The piston works at a speed of sixty to nineW 
stroKes per minute, varying according to the density of the compressed air, the har£ 
ness of the strata to be cut, or the expertness of the attendant. 

1413 



As to the quantity of ‘mork. In ‘ long-wall/ a machine can, under favourable cir- 
cumstances, cut 20 yards in an hour, to a depth of 3 feet; but wo consider 10 yards 
per hour very good work, or say 60 yards in a shift. 

This is about equal to the day’s work of twelve average men, and the persons em- 
ployed to work the machine arqone man, one youth, and one boy, who remove and 
lay down the road and clear away the debris. 

The machines are built so strong that they rarely got out of working condition. 
Some of those now working at West Ardsloy (and other places), have been in constant 
use for three or four yciirs. 

At that colliery there are about eight machines in use. One of the seams is so hard 
and difficult to manage, that it could not bo done ‘ by hand,’ and the proprietors had 
to abandon it. but now, by the employment of these machines, it is worked with per- 
fect ease. It i.s a thin ciiunel seam, with layers of iron-stone, and the machines now 
‘hole’ for about 1,200 tons per week. 

The groove made by the machine is only 2 or 3 inches wide at the face, and IJ at 
the back, whereas by hand, it is 12 to 18 inches on the face, and 2 to 3 inches at the 
back, thus ; — 

In thick seams worked by hand, the holeing is often done to a depth of 4 feet 6 
inches to 5 feet, and the getter is quite within the hole he has made, and where the 
coal does not stick well up to the roof, or where there is a natural parting, there is great 
difficulty and danger from falls of coal. In cutting coal by the ordintiry method, the 
angle is such that when the upper portion of coal falls off from the roof, that it must 
pitch forward into the ‘ road,’ but by the machine cutting a perfectly horizonUU groove. 
The coal, having lost its support, simply settles upon its own bed ; and has no tendnecy 
to fall forward. 

The following statement w'as made by the inventor at tho meeting of the British 
Association at Bradford : — 

* Tho cost of applying coal-cutting machinery is an important part of the question, 
but it frequently liappens that at old established collieries there may be surplus 
}X)wer, which can be utilised ; but supposing that everything has to be provided new, 
then tho following may be taken as an approximate estimate of the necessary outlay : — 


£ 

2 Boilers at 500/. each 1,000 

1 Steam-engine 1,250 

10 Machines at 150/. each 1,500 

Pipes, Keceivers, Fixings, and sundry other outgoings . . 1,250 


say 5,000 

* This outlay would provide all necessary power and plant for the regular iroi^iig 
of eight machines, with two in reserve ; and estimating that each machine will eat 00 
yards per day, the product in a 4-foot seam would be 85 tons per day, or per weeksaj 
600 tons per nuichiue, and 8 by 500 is 4,000 tons, 

* Now at this rate of expenditure and work done, an allowance of per ton would 
in three years liquidate the entire outlay. 
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* But there ie no lOMn irhy the machinoB should be restricted to a sinele shift 
daily ; indeed, it is far more economical to work double shifts, there is no additional 
outlay of oapiital, and so far as depends upon the machinery, the output might be easily 
increased to 8,000 tons per week. 

‘ Wo now oome to the relative costs of cutting the coal, by hand and by machine^ 
mnd the following figures may be taken as representing a somewhat favourable state 
of things for the latter. 

* The seam is the “ Middleton Main ” or “ Silkstone Bed.” The depth of the mine 
is 160 yards, and the coal four feet thick ; there are two bands of shale, with a thiu 
layer of coal between them. 

‘The bottom portion is not always wholly merchantable, but when it is so, it yields 
one ton and a toird of a ton per running yard. For the purpose, however, of this 
oomparisonf I take 60 tons only per day (which would come out of 45 yards of machine 

voiking.* 


The Cost by Hand, 

SO Men cutting, filling, timbering, drilling, road-laying, blasting, 
and all other needful work ready in the corves for the “ hurricr,” 
at 4s. did. per ton • 


Jfy machine, 

1 Machine man at 8s. Od 

• • 

3 men olearing and packing at 8s. Ad. . 

6 men filling, 10 tons each man at per ton 

3 men timbering at 6s. Hk/ 

ith portion of cost of steam and air expenses . 
Maintenance at \d. per ton .... 
Redemption of capital at 2c/. per ton 


& *. d. 

0 8 6 
fO 5 6 
to 3 6 

1 5 0 

2 1 3 

1 0 6 
1 14 {) 

0 5 0 

0 10 0 


£ », d, 

13 8 9 


8 13 9 

Diffiirence in money in favour of the machine : or Is. 7d. 

per ton ,4150 

13 8 9 


It is necessary now to bring under notice some of the other coal-cutting machines 
which have been introduced of late years, 

Baird's, or the Garisherrie Machinr. — One of the machino.s wliicli has claimed the 
largest share of attention is the ’ Garlslierrie coal-cutter ’ of tlie Messrs. Baird. This 
appears to be a modified form of a machine uhich was paU*ntcd many years since by 
Mr. GleadhiU. 

The cutting in these machines is done by an endless chain with cutters attaclied, 
driven round a jib or arm, which extends underneath the coal. The machine is actuaU-d 
by air compressed on pit bank to 35 or 40 lbs. square inch, and conveyed there- 
fram in cast-iron pipes. The machine at work draws or “ feeds ” itself along the coal 
face, with the jib projectii^ underneath the coal 2 ft. 9 in. or 3 ft. as required. Tlio 
present work done (1874) is 300 to 350 ft., cut 2 ft. 9 in. deep, in a shift of eight to 
ten hours, and as the seam worked is 2 ft. 10 in. tliick. this yields 75 to 90 tons. 
This rate includes all stoppages, and, of course, if it were possible to drive along 
without interruption, the figures would be very much higher. The 6i>eed also is 
capable of considerable increase by extra pressure of air, and when it is stated that 
even in the hard Oartshorrie coal the nmehine has frequently been timed at about 
6 ft. in ibur minutes, an idea may be formed of what it would do in soft English coal 
with a good pressure above. The machine at work is attended l)y thrive men. The 
working parts of the machine are carried ufion a strong cast-iron soleplate 6 ft. long 
by 2 it, 6 in. broad, set upon four wheels. On the soleplate is bolted the cylinder, 
8| in. in diameter, with a 12-in. stroke. The crank shaft is fixed in bciirings cast on 
soleplate. On this shaft is the fiy-wheel and excontric, which is reversible. On one 
end of the shaft» orerhanging the soleplate, is attached a spur-wheel, w liich by means 
of another shaft and berel-gearing, is connected to un upright shaft, on under end of 
which is the chain-wheel, communicating motion to the cutting chain. Tiie whole of 
tbcM wheels are of Bessemer steel, and, so far as proved, appear to give the greatest 
Witiiftiction in wear. The cutters, nine in num^r, and 2^ in. broad on face, are 
OMiared to the diain means of two bolts pasring through cutter and link. The jib, 
wdneh distends the chain, is bolted to side of soleplate, and consists of two parts, the 
Stock and point) a4justable by means of a nut and screw working against a brid|^ in 
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stock. The chain is made of wought steel, and the cutters of the best tool-steel. The 
machine draws or “ feeds ” itself by means of a drum and a A in. chain passed round 
a pulley fixed to a prop 100 ft. in advance. The drum shaft is actuated through a 
toothed wheel worked by a racket motion from an excentric cast or bevel-wheel of 
upright shaft. The roadway on which the machine travels is of cast malleable iron. 
The rails are keyed down to sleepers, and arc kept in condition by means of snugs 
cast on sleepers, which fit into oblong holes in end of rails. Each machine is fitted 
with 21 ft. or seven pairs of such rails 3 ft. long. The machines are of two designs. 
No. 1, being 2 ft. 4 in. high, requires about 3 ft. of head room between pavement and 
roof. No. 2 is 1 ft. 8 in. high, including roadway, and so is capable of working the 
thinnest seam. The gearing can be altered to speed required by the nature of the coal 
or other material cut. They have been adapted to undercut clay band iron-stone lying 

1414 



The cutters are sharpened at each shift, the cutting chain being brongift to bonk daily 
for this purpose, ana the cutters removed, sharpen^, and dressed to a gangs*. 

This descriptiou will bo rendered quite intelligible by refersnoo to tlio draifings* 
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1414 i^vi the Gaitaherrie machine in plan. FHg. 1415 givei an end deration 
iiflf the nichine. In both cases the ■vmy in which the cutting work into the coal is 
it clearly shoirtie In 1416 a side deration is given, from wliich it Tiill he 

1416 



easy fat anyone having but a slight acquaintance with machinery 1o see how motion is 
given to the cutters. 

Oi/loii and Copley's Mo/shinc, which is shown in the accompanying woodcuts, was 
patented in 1868. Fig. 1417 gives the machine in plan. 

The machine, with the exception of the cylindei-s and one spiir-wlied, is made 
entirely of steel and wrought iron, thus com])iiiing the groalesi ttrength in the 

1417 



1418 

nae^aad widl the laaet weijrht Tho top frame is of ansle-iron, 4 f.-tt 
V.laAMl^ by 2 feet 4 inehee wide, and on this are fixed two cylinders, 7l inebee 
” .* OB to ,B crant-sbaft, wbicb. by a vci-y 

dieei. 


J*Jg*»«wagejwnCdrivea the pinion whiS ccars into the slots of t lie emit er'wheef 

I'y ^ projenting horizontally 

.nm urn aide of l^e madiine. It makes about six revolutions per minute, and on its 
> «« fixed twenty steel picks or cutters, these giving 120 strokes per 
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minute ; it is 3 feet 10 inches in diameter, and makes a clean cut of 3 feet 4 indies 
deep by 3 inches thick, and from this space it entirely sweeps out the whole of the 
coal as it revolves. The machine is propelled by a wire rope having one end secur^ 
at the extremity of the face, and passing round a drum driven by the air-cylinders, or 
by hand-gearing attached to the side of the machine. The whole is oovered in witii a 
moveable sheet-iron casing to protect it from anything falling from the roof. One 
man only is required to bo in attendance on the machine, and another should follow 
to sprag the coal as it is cut. 

With a pressure of 27 lbs. of compressed air per square inch the machine has holed, 
in a hard tough fire-clay seating, 25^ yards in 40 minutes, and 24 yards* 1 foot of 
strong solid coal in 55 minutes, with only 20 lbs. pressure. A fair average rate of 
work with 27 lbs. pressure may be stated at thirty yards per hour, 3 feet 2 inches to 
3 feet 4 inches under and 3 inches thick, either in a seating or moderately hard coal. 
The average rate of holeing by manual labour in the seam where it is now working is 
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about 7 yards for a day's work — equivalent to about ilino men working a whole day to 
do what the machine does better in two hours. The men have only to wedge or shoot 
the coal down and clear it away, while the machino is taken to another bank to do its 
Work there. In fiffft. 1418 and 1410 the machine is shown in sectional tdevations. 

Winstanh ys Machine , — The coal cutting machine of Messrs. WinsUnh^v and 
ll.irker is not essentially different from the machines already doscrihed. It consists of 
a small frame running upon four ■wheels adapted to the colliery g:iugt‘, and carrying 
twti oscillating cylinders driven by compressed air or steam. On the crank-shaft and 
underneatli the frame is a pinion which gears into a very coarse-pitched toothed 
wheel, the ends of the teeth being armed with cutters. This cutting wheel can bo 
turuuvl under the carriage when not required, and when placed in position is brcaight 
to boar against the coal by turning a haudlc into which it cuts, until the arm cariydng 
the wheel is at right angles to the carriage. The machine is slowly dragged forward 
by means of a chain attached to a crab and workeil by a boy. As the machino 
advances, the minor in attoudanco drives wooden wedges into the cut to support tlie 
Coal, and when the machine is out of the way the wedges are withdrawn and the coal 
falls. The machine itself only weighs 15 cwts., and will cut at the rate of 30 yards 
per hour with a pressure of only 25 lbs. per square inch, making a ‘ holing’ in the 
coal 3 feet deep and only 2 J inches high. The height of the machine is only 22 inches. 
It has the disadvantage of being only able to cut on one side of tlie carriage, but of 
course it can bo constructed to cut on the right- or left-luind side as may be desired by 
the purchaser. 

Hurd and Simpsoits 39-inch self-acting, right and left-hand, variable height 
coal-cutter was specially constructed for the (.lla.ss Houghton Coal Company to undei^ 
cut in the blue stone band lying bet'weon two portions of the coal-seam. This 
nuichiue is worked on a somew'hat similar principle to that of Winstanley and 
Barker ; that is to say, the coal is undercut by moons of a circular saw working at the 
end of a moveable lever, but with tliis important diflTorence, that in Hurd and Simp- 
son’s machine the cutter is placed in front, and can thus cut the coal right ahead of 
the machine or on either side of it. The cutting wheel is slightly exi^tric, and the 
machine hauls itself along by means of a chain anchored ahead of it ; fear as the 
cutler revolves, being an exeentric, the teeth on one portion of the periphery would 
revolve witliout touching the coal, but at this time the self-acting hauHng gear comes 
into play, the machine advances, and the cutters get a fresh feed on. the coal. This 
cottl-outter is 30 inches nigh over all, and cuts to a depth of 3 feet 3 i n ches. 
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Monitor Coal^Cntttr has excited some attention in America, The machine 
aonsists of a fire hone-power steam-engine driven by steam carried into the mine by 
a Steam-pipe, terminating, however, in a few feet of rubber-hose, which permit of full 
freedom of motion to the machine. The intention of the proprietors is to employ 
eompressed air in place of steam eventually. The cutting arrangement is an iron rim 
of four feet in diameter, which has on its periphery moveable steel teeth, placed at 
pmnts about 12 inches apart. These teeth may be taken out and ground whenever 
they become dull. This rim lies on small wheels which support it and allow a free 
motion, and has com on its under surface which gear into cogs on a shaft turned by 
the engine. By this means the power is applied near the circunifcrenco of the w'heel, 
instead of at uie centre as in the ordinary circular saw'. Tlie principal reason for 
this arrangement is to get a deeper cut at the coal. The cutter can be put to a depth 
of 8^ feet, or Jths of its whole diameter, whereas the ordinary circular saw can hardly 
cut to one-half of its diameter. The machine runs on a move;ible track, and is fed by 
means of a screw working in cogs. The track is put dow'n along the side of tlie coal 
at the proper distance from it, and when a cut has been made the whole length, the 
machine is put on tracks and wheeled to the next ‘ room,’ where the track is laid ns 
before, and so on through the mine. The duty of the macliine is calculated to be at 
about a yard in five minutes. 

The estimate of its economy given by the proprietors is that it saves about 35 cents 
per ton over the cost of putting out coal by hand labour, w'hich in a mine turning out, 
say 200 tons a day, amounts to a saving of 70 dollars per day. The first cost of the 
machine is very moderate, being only about 800 dollars. 

Joneses Hand Coal-Cutter. — This machine is practiciilly a combination of inclined 
circular-saws mounted upon a revolving rod, so tliat tlie groove cut l)y each saw' rims 
into the groove cut bj'the next, thus thoroughly under-cutting a seam. The saws are 
set on the rod obliquely, and provision is made for retaining them at a proper distance 
from each other, and in the most suitable position on the rod, the end of which lias a 

screw-thread cut ujxm it. by moans 
of whidi it is fastened into the 
spindle and bearings. Another 
form of cutting appurjitus may bo 
tornied from a flat bar of stool, w’ith 
saw teeth along botli of its outer 
edges, and so twisted th;it tho 
toothed edg( s are fornKul into spirals 
{Jig. 1420). By tliis arrangement, 
wJiieli resembles that of Mae^ier- 
mott’s roi*k-}xTforMlor, the cutter 
readily clears itst-lf from the slack 
which it cuts away. Swi Bock-I'ku- 
FOUATOB. A revolving cutter of tliis 
kind may be W'orked in two ways. 
It may be caused to sweep in the are 
of a circle into and out of the coal, 
so as to cut out a groove in it, the 
spindle of the cutter lieing for that 
purpose oarriad by a frame turning upon an axis, such axis being also traversid for- 
ward Bx>m time to time in a line parallel with the face of the coal o]>orated upon. 
Altemativaiy the frame cai^'ing the spindle of the cutter may simply bo caused to 
move forwaid eontiDiiously in a line parallel with the face of tlie coal, in which latter 
am a groove will be produced of a depth equal to the lengili of the cutter. But if 
the etftter i* eaueed to sweep round in the arc of a circle, a groove of any desired 
dep^ can be cot, irrespective of the length of the cutter iuself. 

devolving cntteis, such as above described, can bo tlriven eitlier by hand -power or 
by eompfeased air. In the former case, and when the machine is to be used only fur 
holing or anderentting, the following is proposed as tlie preferable arrangenient. The 
■piadle of the cotter is mounted on bearings in a frame whicli eB.n turn upon a stud 
on the bed-plate of the machuie. On the under side of this bed-plate are skdge 
runners to ran on rails laid upon the floor of the mine. On tlie frame w hich carries 
the cotter spindle ie a toothed arc, into which gears a pinion carried in bearings from 
Uw bed-pUto. The pinion can be turned by a hand wheel on its spindle, and thus the 
colter can be caused to sweep round to and fro in the arc of a circle. Upon the cutler 
•fin& is fixed a bevel pinion gearing into a horisonial bevel wheel, w hich is (>on- 
fiyfew ith the stud upon which the frame cariying the cutter is mounted. The 
IhW ii Mit al bevel is moonted upon a vertical shaft, upon which is a fly-wheel, and at 
III ^ • pioioo which gean with a bevel wheel, which latter can be driven by 
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n crank handle, and thus a quick revolving motion can be given to the cutter, irhilek 
that, at the same time, may be freely swej5t round to and fro in the arc of a circle. 
Moans are provided for the exclusion of dirt from the machinery, and lor holding the 
apparatus securely while the cutter is in motion. An adjustment may be made for 
cutting grooves, either vertically or horizon- 
tally in the upper part of tlio seam, and in 
such case the spindle of the cutter is driven 
by a rotary engine set in motion by com- 
pressed air. 

The mode of action of Mr. Jones’s appara- 
tus will be more clearly understood on refe- 
rence to the diagram {Fig. 1421). The fixed 
end of the cutter is supposed to be succes- 
sively at A, B, and c, the seam of coal lying 
Ix-twcen the lines n i) and k e. First the 
.cutter, starting from the position A a', travels 
round to tlie position a a", clearing the triangular space A h! a!'. Then the fixed end is 
transferred from a to n, when a quarter revolution changes its direction from bb' to 
n b", clearing the space b b' b", and on removal to the fixed point c, the similar 
space c e'e" is cleared. 

Bidders Machine for breaking down Coal. — Mr. S. P. Bidder, jun., had, in conjunc- 
tion with Mr. John Jones, devised a machine which had been submitted to actual 
trial on a working scale at the Ilarecastle Colliery, where the results were sosatisfac- 
tor}' as to induce the proprietors to make arrangements for its immediate adoption. 
The machine consisted of a small liydraulic press of 12 tons power, to which was 
attached a pair of tension-bars, bent in the form of a connecting rod or hinge-strap. 
These were placed one over the other in the bore-hole, and between them, at the 
extreme end, there were a clearancc-box and two metal pressing-blocks, between which 
was forced, l)y the action of the hydraulic press, a split wedge 15 inches long, causing 
a lateral oxpjnsion of 3 ^ches. The ram was then withdrawn, and a second wedge 
was inserted between the two parts of the first -wedge, and was forced up until suffi- 
cient oxpan.-^ion was o])tained to break the coal. The operation could be repeated 
st^veral times if found necessary. The w’holo apparatus would weigh about 60 lbs. 
The hydniulie press was in future to bo made of steel, and the ram would be cored 
out. In practical t^•o^king, each gang of colliers would be provided with the tension* 
bars and three wedges, while the presses would be under the charge of the men who 
at present occupied the position of firemen, so that no new class of labour would bo 
int roduced, wliile tlie risk of firing would be gob rid of. Trials had been made both 
in tlie 7-feet and the 9-feet seams at Ilarecastle ; and in the latter, with three -wedges, 
nlK)ut 12 tons of coal had been brought down in only three or four pieces. It was 
found that tlie press could be applied, and the blocks brought down, in less time than 
was consumed by firing a hole and waiting for the smoke clearing. 

Explosions in mines were known to arise, very frequently, from the employment of 
gunpowder for bla.sting. In the interest.s of humanity alone, an efficient substitute 
had long been desired by practical men ; and this, it was believed, had been accom- 
plished by Bidder’s machine, -wdiich had also the advantage of preventing the waste of 
coal incurred by the present system. 

The folio-wing remarks, made Viy Mr. \V. Menelaus of Bowlais, on the use of coal- 
cutting machines in the collieries of South Wales, are so much to the point that they 
are extracted from the ‘ Journal of the Institution of Mechanical Engineers.’ These 
remarks have reference more especially to the coal-cutting machine of Mr. Eobezt 
Winstanley. 

Mr. Menelaus said that, having paid considerable attention to the subject of coal- 
cutting by machinery, and watched carefully the several plans that had b^n tried, he 
had not yet found any machine that could conijH te with colliers’ labour under the 
exceptional circumstance.s attending the working of the thick veins of coal in Soath 
Wales. The holing of the coal constituted there only one-tenth of the entire labour 
in the collieries ; and the margin for saving upon this portion of tlie work was there- 
fore so small, that he had given up as hopeless the fntroduction of coal*catting 
machinee in that district. The colliers at present worked only one turn of abont 8 
lioure per day of 24 hours ; and the coal was all brought down by natnml pxeMmre 
during tlie interval while the men were all absent, the bulk of the coal being obtained 
witli verj' little holing. If three turns were worked per day he waa not enre that the 
holing might not be advantageously done by a machine, even in the thick Boit Teini of 
the South Wales collieries; and in such a case, he should ^ very glad to adopt 
machines for the purpose. In thin veins of hard coal he considered the introduction 
of coal-cutting machines would be attended with very great advantageo, and ho hoped 
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would be cenerallj adopted, and thought every possible ondeavour should be 
naae to eetabliah their use. The machine now described appeared to him to be one 
of the beet that had been brought forward for coal-cutting ; and he thoiight the prin- 
erale of ita ooostruction and action was more likely to prove the right one than that 
of inachineB deei^pied to work a pick in a similar manner to hand-labour. One of the 
ottlieet ooal-cuttuig-iuachines that he remembered had been made on the same prin- 
ciple M a dreular saw, but in that case the cutting-wheel had been literally a circular 
saw with fixed teeth, and had consequently proved a failure in actual working. The 
use ot moveable teeth in the cutting-wheel of the present machine was an important 
practical improvement, and this machine appeared to him to have been worked out in 
a very ingenious way, and seemed pne of the most likely to succeed that ho had yet 
met with. Whether the air was worked expansively in the cylinders was a question 
that should not be overlooked in regard to the economy of any coal-cutting machine ; 
and if the expansion could bo obtiinod without complicating the construction of the 
machine, it was by all means desirable to have the benefit of it. If, }i(»wever, it 
involved the introductioii of cams or excentrics and ordinary valve-gear, he thought it 
would be better to waste a portion of the power than to introduce these complication.^, 
as he considered the utmost simplicity of construction was an object of such essential 
importance for the success of a coal-cutting machine ; and in working with compni.sscd 
air it must be borne in mind that the power was cheaply produced at the mouth ot 
the pit, and readily conveyed to the machine. The construction of the nnichine now 
described seemed to possess the advantage of simplicity, and he thought this machine 
was very likely to prove one of the best yet introduced ; it had also anotlu*r advan- 
tage in being able to hole its own way into tlie coal at starting, without requiring any 
preliminary holing to be done by hand before it could be got to work. He agreed in 
considering that the discharge of exhaust-air from a coal-cutting machine was hardly 
capable of producing an appreciable effect upon the ventilation of a colliery, as the 
quantity of fresh air so dischaiged wa.s insignificant in comparison with the total 
quantity passing through the mine. 

ICAOXiB is the name given to certain spots in minerals, of a deeper hue tlian the 
main substance, and differing from it. Clay-slate may be macled with Iron Pyrites ; 
—tar it may be that the made spots are some peculiar form of the same mineral matter 
supposed to proceed from some disturbance of the particles in the act of ciystallisation. 
Modes are tuin crystals which are united, or which in tor penetrate. 

IKABIIBB {Garance, Fr. ; Krapp, Fdrherrbth. Ger.), a substance very exten- 
sively used in dyeing, is the root of the Ruhia tinctorum, Linn. It is employed for 
the production of a variety of colours, such as red, pink, purple. Idack. and chocolate. 

Tne Er^throdanum or Ercuthrodamcm of the Greeks, of' which Pliny says that it 
waa named Ruhia in Latin, and that its roots were used for dyeing wool and UmiiIut 
red, was probably identical with the Ruhia tifu-torinn, since the description of its 
appearance and uses given by ancient authors oin hardly apply t-* any other plant. It 
was cultivated in Galilee, Caria, and near Ravenna in lUily, where it w»is planted 
either among the olive-trees or in fields destined for tliat purjx) 5 e. Another s|»ocies 
of Rubia, viz. the R, manjisia^ grows in the mountoinous regions of Hiiidostan, and 
the roots of this and an allied plant, the Oldeniandia timhellaia, called by the initiv»*(» 
Chaya^ have been in use in that country since the most remote period, for the pur}»ose 
of producing the red and chocolate figures seen in the chintz calicoes of the Rist 
Indies. (See Cauco-Pkinting.) The peculiar process by which tlie colour called 
Turicey red is imparted to cotton was probably invented originally in India, but tlio 
dymng material generally employed in this proco.s8 was not madder, but the ehaya 
root From India the art of dyeing tliis colour seems to have been carriwl to Persia, 
Armenia, Syria, and Greece ; where it wan practised for many centuries before H 
became l^wn in the western part of Europe. In those countries, however, the root 
of the RMa pereyrinot called in the Levant AJicari, was the material to which dyers 
had reeonive for this purpose, and laige quantities of it are at tiic present clay 
imported into Eniope from Smyrna, under the name of Turkey roots. In tlie middle 
t^es, according to Beckmann, madder went by the name of Varantia or Verantia, 
Ijie cnltiration of madder was introduced into the province of Zeeland, in Holland, 
in the reign of the Bmperor Charles V., who encouraged it by particular privileges 
eonfinered on the inhal^titi for the purpose. According to IVlacquer, however, it 
was to the Flemish refiipieet that the Dutch were first indebted for their knowledge 
of the method of prepanog the plant. It is still grown very extonsively in that part 
of HoUand, and large qnantities are annuallv exported thence into other countries. 
UiMfetl very reoently indeed, the dyers of this country derived almost the whole 
«f Ihrir of madder from Holland ; and it was the discovejy tliat Dutch madder 

mm Im a p iMMle of jpeodociBg some of the fiomr colours more recently introduced, tliat 
imfeM tfii^bmngto some extent anppUmted by madder grown iu other oouutriea^ 
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In the district of Avignon, in France, the cultivation of the plant commenced about 
the year 1666 , under Colbert, but it was chiefly by the efforts of the Secretary of State, 
Berlin, towards the close of the last centuiy, that it became firmly established there. 
The French dyers and printers are supplied with madder from Avignon and Alsace, 
and large quantities are also exported from France into England and other countries. 
Madder is also grown for the use of dyers in Silesia, Naples, and Spain. It was 
formerly more extensively cultivated in England than it is now, when it can be 
imported at a less expense than it can be raised. The Buhia peregrina grows wild in 
the south of England, but it is not applied to any useful purpose. 

The Btihia tinctorum is one of the least conspicuous and ornamental of our culti- 
vated plants. In external appearance it bears great resemblance to the ordinary 
bed-straws or Galiuins, with which it is also botanically allied. Some species of 
galium seem also to contain a red colouring matter, and one of them, the G, verum, is 
used in the Hebrides for dyeing. The li. tinciorum belongs to the class Tetrandria, 
order Monogjmia, of the Linnsean, and the order Rubiaceae, of the Natural system. It 
is a perennial plant, but has an herbaceous stem, which dies down every year. The 
main part of the root, whicli extends perpendicularly downwards to a considerable depth, 
is cylindrical, fleshy, tolerably smooth, and of a pale carrot colour. On cutting it 
across transversely, it is found to consist externally of a thin cortical layer, or 
epidermis, to whicli succeeds a thick, spongy mass of cellular tissue, filled with a 
yellow juice, and in the centre runs a thin tough string of woody fibre, of a rather 
paler yellow colour than the enveloping cellular tissue, which may easily be peeled 
off. The root when freshly cut has a yellow colour, but speedily acquires a reddish 
tinge on exiKisuro to tlie air. Many side roots issue from the upper part or head of 
the pjirent root, and they extend just beneath the surface of the ground to a con- 
siderable distance. It in consequence propagates itself very rapidly, for these 
numerous side roots send forth many shoots, which, if carefully separated in the 
spring, soon after they arc alx)ve ground, become so many plants. From the roots 
spring forth numerous square-jointed stalks, which creep along the ground to the 
length of from 6 to 8 feet. Round each joint are placed in a whorl from 4 to 6 
lancc-shapcd leaves, about 3 inches in length, and almost an inch wide at the 
broadest part. Tlio upper surface of the loaves is smooth, but their margin and keel, 
as well ns the four Jingles of the stem, are Jirmod with reflexed prickles, so as to cause 
the plant to Jidliere to any rough object with which it comes in contact. The flowers, 
which are vellow, are jirrangcd in compound panicles, which rise in pairs opposite to 
each other from the axils of the leaves. The calyx is very small. The corolla is small, 
campanula te, and 6-cluft. The flower conUins 4 stamens, and 1 style. The fruit or 
berry is at first rod, but afterwards becomes black. It consists of two lobes, each of 
wliich contains a seed. 

The Bubia iinctorum thrives best in a warm climate, and if grown in the north of 
Europe a Wiirm sheltered situ.ition should be chosen. A deep, dry soil, containing an 
abundance of humus, is be.st adapted for its cultivation. A rich loam, in which 
there is a large proportion of sand and but little clay, is preferable to the stiffer soils. 
As the plant requires to bo left in the ground several yejirs, it is not one which can 
l>e julapted to any system of rotation of crops, and its cultivation must be carried on 
independently, Ljind whicli has lain for a considerable time in grass is preferred to 
any other for the purpose. At all events, it is well not to allow it to follow on root crops. 
Tlie finest qualiii(‘S of madder grow in calcareous soils. In the district called Palud^ 
W'hich produces the best quality of French madder, the soil contains about 90 per 
cent, of carbonate of lime, and is moreover capable of yielding several successive crops 
of the plant ; whereas tho land which grows the second quality called rosee is richer, 
but loss calcareous, and c.'iii only be made to grow madder alternately with other crops. 
The land must i »e well ilug up with the spade about the beginning of autumn, and before 
winter. The manure used mu.st be well rotten, and mixed with earth in a compost some 
time l>efore it is used. Good stable-dung, whicli hjis heated to a certain degree and been 
turned over two or three times before it is mixed with earth, is the best. The dung 
should be put in layers with the earth, and if the whole can be well-watered with 
urine or the drainings of tlie yard, and then mixed up by^ the spade, the compost 
will be much superior to fresh dung alone. The manure having been dug or plonked 
in, tho land is left over winter, and in spring it is turned over again, in order to 
destroy all weeds, and make tho soil uniform to the depth of 2 feet at least. After 
having been harrowed flat it is rojuly for planting. Madder is generally grown ftom 
suckers or shoots, rarely from seeds. The shoots are prepared by etfttmg in the 
previous autumn, from tho secondary roots of old plants, pieces at leant d iacthes 
long and of tho tJiickuess of a quill, each length containing sev^ joiiitn for the 
development of buds, and preserving them through the winter in a diy |dnee by 
eovaring them over with litter or leaves. Before planting, the l a n d in lo (NM duh 
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tritiM kid in bed^ nbont S feet wide, with deep interrals dug out with the roade, and 
tin kjen m» set, bj means of a dibble or narrow trowel, in rows, each bed contain- 
^ two rows about 16 inches apart, and the layers being at a distance of 4 to 6 
inSiea from each <Aher. In other district, furrows about 3 or 4 inches deep, and 
1| or 2 feet apart, are made, and in these farrows the suckers are placed at a distance 
of 1 foot from one another, and the furrows are then filled up with soil by inc»n8 of a 
zalm. Gfooold the weather be dry, the plants must be watered. A watering with 
diluted urine after sunset greatly assists their taking root. After 3 or 4 weeks they 
appear above the ground. Mlien they have grown to the length of a finger they 
mm^ be well weeded and earthed up with the hoe, and this process must be ropea^ 
4 or 6 weeks later, taking care that the roots be well covered with earth, which 
very much promotes their growth. The stems and leaves should not be cut off, but 
allowed to die down as winter approaches. Where the winter cold is very great, the 
roots should in the course of November bo covered up with earth to the depth of 2 
or 8 inches, and an additional covering of lifter is also advisable as a protection 
foom the frost. Water must on no account bo allowed to stand in the furrows 
between the rows during the winter. In spring the covering is removed, and the 
plant then sends up fresh stalks and leaves as in the first year. The same attention 
must be paid to weeding and earthing-up during the second ns the first 3’'ear. A 
second winter and a third summer mu.st elapse before the root is sufficiently mature 
to be taken up. The objeet of allowing the roots to remain for such a length of 
tame in the ground seems to be to give lime for the interior or woodjr part of the root 
to increase ; for this part, thougli it is no richer in colouring matter than the outer or 
fleshy part of the root, fields a product of finer quality. In France, however, it is 
usual to gather the crop in 18 months after planting, that, is, in the autumn of the 
second year. 

In Germany the roots arc sometimes even taken up .at the end of the first year, 
and it is to the product thus obtained that the special name of JfofAr is applied, the 
term Krapp being restricted to that which has l)cen in the ground the usual length 
of time. The root is the only part of the plant generally used. The East Indian 
product called Munject seems, however, to consist entirely of the stalks of tlie madder 
plant. It is much inferior in quality to ordinary madder, and is comparatively poor 
ID colouring-matter. 

The time usualljr selected for taking up the roots is October or November. In 
doing so care must be taken to break and injure them as little as possil-lo. The 
quantity of fresh roots obtained in Frjince from one arpent of ground (of 48.000 
square feet) varies from 4.000 to 6,000 lbs. In England an acre of ground will yield 
from 10 to 20 cwts,, and in the south of liermain' tlu* produce of 1 morgen of land 
(equal to alx)ut 4,075 square yards) amounts to 50 cwts. of dry roots. In warm 
climates the roots, as soon, as they' are Uiken out of tl)e ground, are simply dried in 
the sun, and after haWng been separated from the earth, Ac., are broken into pieces, 
and then brought to market. This kind of madder is ceiled in the East Alicari, and 
In England Madder -roots. It consists of short twisted pieces, ji little thicker than a 
quill, reddish-brown, and rather rough externally. A transverse section of one of 
these pieces exhibits in the centre sevonil concentric layers of pale yelluwish-mi 
woody fibre, surrounded by a thin reddish -broMn layer of cellular tissue, tiie original 
volume of which has been much reduced by drying. Madder is also imj>oned in this 
State from France, Naples, and Bombay. 

In France and Holland the cultivator generally dries his roots, after shaking out 
the earth as much as possible, partially in stoves. He tlien takes them U> tlie 
threshing-floor, and threshes them with the flail, partly^ for the puriKise of separat- 
ing tbs small radicles and epidermis of the root, and partly in order to divide tlie 
biUer into pieces about 7 or 8 centimkres in length. They are then sieved or win- 
nowed, in order to remove what has been det-iched by tliresliing. Tho particles 
which are sraarated in this process are ground by themselves, and const itnte an in- 
ferior Idiid of madder called MuU. The remainder is thou handed over to the madder 
mannfoctiirsr, who proceeds to diy it completely in stoves heated to about 100® Fahr. 
hy neans of furnaces so constructed as to allow an occasional current of fresh air to 
pass through. It is afterwards taken to a large sieve with differcut compartments, 
moved madiiiisrj. The compartment with the narrowest meshes s< nes to sepa- 
vak tlis portions of epidsnnis, earthy particles, and other refuse imitter which had 
hson kft adlmriiig to the roots after the threshing. The compartments with wider 
m s sh s i m for the pnrnwe of separating the smaller roots from the larger ones, the 
kttsr bmim considsrea the best In France this opemtion is calk'd roftape. The 
pools are tM subjected to the p^ocesi of ^nding, by means of vertical millstones, 
yd a fterwards pssssd through sieves of different siscs, until they are rtducod to a 
ilKlaaf flat powdse. Wiiaa the laiger and better roots are ground by thsmsaives, 
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the mafldor j» called in Franco garancR rohhe fine, or garancc surfine, and it is marked 
with tliG letters s f. The smaller roots yield an inferior madder, which is called 
garancc non robec, or mifine, and is marked m f. When the different kinds of roots 
are not separated from one another, Imt all ground together, the product is called 
garancc petiic robk, moins rohee, or fine^ and is marked f f. far the greater por- 
tion of tlio madder consumed in France consists of this quality, since it is found to be 
perfectly well adapted for all the purposes to which madder is usually applied. The 
l(^tter 0 is applied to the lowest quality of madder or mull, which is obtained by 
grinding the epidermis and other portions of the root which are detached after the 
lirst storing, and during the process called rohage. The qualities c f and c f o con- 
sist of mixtures of M f and o. There is also another quality, which receives the 
designation s f F, and which is obtained by grinding separately the internal ligneous 
part of the root, previously deprived of the outer or cortical portion. This quality is 
employed for dyeing fine colours on wool and silk, as well as for the preparation of 
madder-lakes. Other marks, such as s f f f, e x s f f f, &c., are also occasionally 
emjdoyed by French manufneturers and dealers, to distinguish particular qualities. 
In Hollrmd the product obtained by grinding together the whole roots, after tne sepa- 
ration of the mull, is called onher, whilst the term crop is applied to the internal part 
of the root ground separately. 

The licvant madder, usually called Turkey roots, is considered to be the finest 
qmility imported into this country. It comes to us from Smyrna, and consists of the 
m HdIc roots broken into small pieces, and packed in bales. It is ground as it is, 
without any attempt being made to separate the different portions of the root ; and 
lias tlien the appearance of a coarse, dark reddish-brown powder. It is employed 
chiefly for the purpose of dyeing the finer purples on calico. Next to this comes the 
madder of Avignon, of which two varieties are distinguislied in commerce, viz. Paluds 
and rosk. The first, which is the finest, owes its name to the district in which it is 
grown, consisting of a small tract of reclaimed marsh land in the neighbourhood of 
Avignon. Avignon madder is considered to bo the Irnst adapted for dyeing pink. It 
has the appearance, as imported into this country, of a fine pale yellowish-brown or 
reddisli-brown powder. The paler colour, as compared with that of ground roots, is 
owing to the partial separation of the external or cellular portion of the root during 
the process of grinding, as practised in France. The madders of AlsacOf Holland, and 
Naples, are richer in colouring-matter than the two preceding kinds, but they yield 
less permanent dyes, and are therefore only employed for colours which require little 
treatment with soap and other purifying agents after dyeing. Of late years, indeed, 
the ompltiyment of garancinc, a preparation of madder, in the place of these lower 
descriptions, has become very general. 

.Vll kinds of madder h.avo a peculiar, indescribable smell, and a taste between 
bitter and sweet. Their colour varies extremely, being sometimes yellow, sometimes 
orange, red, reddish-l»rown, or brown. They are all more or less hygroscopic, so 
that even when closely picked in casks in a .suite of powder, they slowly attract 
moisture, increase in weight, and at length lo.*?o their pulverulent condition, and form 
a firm, coherent mass. This change Uikes place to a greater extent with Alsace and 
Dutch madders tlian with those of Avignon. Madder which has undergone this 
change is called by the French garancc yrappk. It is probable that some process 
of f<irmciit;ition goes on at the same time, for madder that is kept in casks in a 
dry place, and as much out of contact with the air ns possible, is found constantly 
to impnjve in quality for a certiiiii length of time, after which it again deteriorates. 
Some kinds of niadiler, e.s{>ecially those of Alsace and Holland, w'hen mixed with 
water and hd't to stand for a short time, give a thick coagulum or jelly, which does 
not take place to the same degree with Avignon madder. The madder of Arignon 
contains so much carbonate of lime as to effervesce with acids. The herbaceous parts 
of tlie plant, when given as fodder to cattle, arc found to communicate a red colour 
to their l>one8, a circumstance which was first observed about a hundred years ago, 
and has been employed ly physiologists to determine the manner and rate of growth 
of lx>ne. 

There exists no certain moans of accurately ascertaining the intrinsic value of any 
sample of madder, except that of dyeing a certain quantity of mordanted calico with 
a weighed quantity of the samjdc, and comparing the depth and Bolidi^ of tho 
colours with those proiluced by the same weight of another sample of known qnali^i 
and even this method may lead to uncertain results, if practised on too snail a aealo* 
The Paluds, which is the most esteemed of the Avignon madders, has a dark rad hna, 
whoreiis the other kinds have naturally a yellow, reddish-yellow, or bxowBish-jdkiW' 
colour. Nevertheless, means have been devised of communicating to tha lattw thd 
desired reddish tinge, which, tlierefore, no longer serves as a test. A method fiomerly 
en^loyed to ascertain the comtiarative value of a nuxnber of sanplea of naddur ooo** 
VoL. ni, M 
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tntod in plndng a small qnantitj of each sample on a slate, pressing the heaps flat with 
some haza body, and then taking them to a cellar or other damp place. After 10 or 
12 hours they were examined, and that which had acquired the deepest colour, and 
increased the most in volume was considered tlie best. This method led, however, to so 
many frauds on the part of the dealer, for the purpose of producing the desired effect, 
that it is no longer resorted to. Madder is sometimes aduiteratM with sand, clay, 

, bridc-dnst, ochre, sawdust, bran, oak-bark, logwood and other dye-woods, sumac and 
qnercitZDn bark. Some of these additions are difficult to detect. Such as contain 
tannin may be discovered by the usual tests, since madder contains naturally no tannin. 
If the material used for adulteration be of mineral nature, its presence may be dis- 
covered by incinerating a weighed quantity of the sample. If the quantity of ash which 
is left exoeeds 10 per cent of the m.-itcrial employed, adulteration may he suspected. 
The ash obtained by incinerating pure madder consists of the carbonates, sulphates, 
and ^osphates of potash and soda, chloride of potassium, carlionate and phosphate of 
lime, phosphate of magnesia, oxide of iron and silica. If a considerable amount of 
any other mineral constituents is found, it is certainly duo to adulteration. 

There is probably no subject connected with the art of dyeing which has given rise to 
so much discussion ns the comjiosilion of madder, and the cliemioal nature of tho 
colouring matters to which it owes its valuable properties. The subject has engaged 
the attention of a number of clioniists, who.se labours, extending over a lengthened 
period, have thrown oonsiderjiMe light on it. NcA'ertheloss, the conclusions at 
which they have severjilly arrived do not perfectly agree with one another, nor with 
the views entertained by the most intelligent of those practically engage<l in madder 
dyeing. The older investig>itors supposed that madder contained two colouring 
matters, one of wliich was tawn^'. and the other red. Kobiquet was the first chemist 
who asserted that it contained two distinct red colouring matters, both of which 
contributed to the production of the dyes for whicli madder is employed ; and his 
views, though they were at tlie time of their promulgation strongly object^-d to 
by some of llie most eminent French dyer.s and calico-printers, still offi-r probably 
the best means of explaining some of the plienoincn.'i occurring during th.o proc*ess of 
madder dyeing. The two red colouring matters diKcoverc{l by Kobiquet wore named 
by him Alizarine and Fur}mrine. and these names they still retain. fc>evenil crystal- 
lised yellow colouring matters have been discovered by other chemists *. but the only 
one which exists ready-formed in the madder of commerce is tlie. Jiubiacine of Schunck. 
and this substance may also be token as tho type of th<‘ whole class, tho memUTs of 
which possess veiy similar properties. Among the other organic substances olUained 
by different chemists from madder, two resinous colouring matters, sugar, a bitter 
principle, a peculiar extractive matter, pectin, a fcrmeiilativo nitrogenous substonee, 
and malic, citric, and oxalic acids, may be mciitioiiod. 

When madder is extracted with ]>o)Jiiig water, a dark brown muddy liquid, having 
a taste between bitter and sweet, is obtained. On ad<ling a small quuritit}’ of an acid 
to this liquid, a dark brown precipitate is produced, while the supernatant liquid 
becomes clear, and now apr»ears of a 1/riglit yellow colour. The precipitate consists 
of alizarine, purpurine, rubiacine, the two resinous colouring matters, pectic aciil, 
oxidised extractive matter, aud a |x*culiar nitrogenous subsUinee. The liquid filtered 
from this precipitate contains the bitter principle and tlie extract ive matter of madder, 
as well as sugar and salts of potash, lime, and magnesia. No starch, gum, or tannin 
can be detected in the watery extract. After the madder lias been completely ex- 
hausted with boiling water, it appears of a dull reel colour. It still contain.'^ a quan- 
tity of colouring mutter, which cannot, however, be extr?ict<'d with liot water, or 
eves alkalis, since it exists in a state of combination witii lime and other bases, 
fomuig compounds which are insol ulilc in those menstrua. If, however, the residue 
be tapeated with bailing dilute muriatic acid, the latter dissolves a quantity of lime, 
magnesia, alumina, and peroxide of iron, as well us some phosphate and oxalate of 
lime, which may be discovered in the filtered liquid ; and if the remainder, after being 
well washed, be treated with caustic alkali, a dark rod liquid is obtained, which gives 
with acids a dark reddish-brow'n precipitate consisting of alizarine, pur]*uriiie. rubia- 
eine, xesiii, and peedc acid. That portion of the mmider left after treatment with hot 
water, acids, ana alkalis, consists almost entirely of woody fibre. 

A shoii daieripCioa of some of the substances just mentioned will not be out of 
phie$ hate, as it may assist in rendering the process of dyeing with madder more 
intelligible. 

most impocCaat of these substances is aUzarinc, since it forms the basis of all 
the flner and more posmaoent dyes produced by madder. The watiere coluranU rouge 
of Perm and the iwaif rr rnf of Itunge also consist essentially of alizarine, mixed 
^rhhao^ impuritlas. Bobiquot first ol^ned it in the form of a crystalline sublimate, 
oitivtin g m adds r with water, aUowiog the liquid to gelatinise, treating the 
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jelly with alcohol, eva^rating the alcoholic hquid to drypess, and heating the residue ; 
and since the application of heat seemed to be an essential part of his process, it was 
for a long time doubted whether alizarine was contained* as such in madder, and was 
not a product of decomposition of some other body. It was proved, however, by the 
experiments of Schunck that it does in reality pre-exist in the ordinary madder of 
commerce, though not in tho fresh root when just taken out of the ground. It has 
the following properties ; — It crystallises in long, transparent, lustrous, yellowish-red 
needles. These needles when heated to 212° F. lose their water of ciystallisation, 
and become opaque. At about 420° F. alizarine begins to sublime, and if carefully 
heated may bo almost entirely volatilised, only a little charcoal being left behind. 
The sublimate obtjiined by collecting tho vapours consists of long, brilliant, trans- 
parent, orange-coloured crystJily, which are pure anhydrous alizarine. If madder, or 
any preparation or extract of madder, bo heated to tho same temperature, a sub- 
limate of alizarine is also obtained, but the crystals are then generally contaminated 
with drops of empyreumatie oil, produced by the decomposition of other constituents 
of tho root. This oily matter may, according to Robiquet, be removed by washing 
tho cr}*stal.s with a little cold alcohol. Alizarine is almost insoluble in cold water. 
It is only slightly soluble in boiling water, and is deposited, on the solution cooling, 
in yellow crystalline flocks. When tho water contains large quantities of acid or 
salts in solution, it dissolves very little alizarine, even on boiling. The colour of the 
solution is yellowish when it is quite free from alkalis or alkaline earths. Alizarine 
dissolves innch more readily in alcohol and ether than in water ; the solutions have 
a deep yellow* colour. Alizarine is decomposed by chlorine, and converted into a 
eoloLirh'ss product. It is also decomposed by boiling nitric acid, the product being 
a colourless, crystallised acid, phfhatic acid, the same that is formed by the action of 
nitric acid on naphthaline. Alizarine dissolves in concentrated sulphuric acid, yield- 
ing a yellow solution, which may be heated to the boiling point without changing 
colour and without any decomposition of tho alizarine, which is precipitated unchanged 
on tho addition of water. Alizarine dissolves in caustic alkjilis with a splendid 
jnirplo or violet colour, which remains unchanged on exposure of the solutions to the 
air. The amrnoniacal solution, how'ever, loses its ammonia entirely on being left to 
stand in an open vessel, and deposits its alizarine in the form of shining prismatic 
crystals, or of a crystalline crust. The alkaline solutions give with solutions of lime 
and barytsi salts preoi pittites of a beautiful purple colour, with alumina salts a red, 
with iron salts a purple precipitate, and with most of tho salts of mettillic oxides pre- 
cipitates of variousshades of j>urplo. The affinity of alizarine foralumina is so great, 
that if the compound of the two bodies be treated with boiling caustic potash-lye, it 
merely changes its colour from red to purple without being decomposed. Alizarine 
is nut more soluble in boiling alum-liquor than in boiling water. The chemical 
formula of anhydrous ali&irino is, according to the researches of Messrs. Graebe and 
Liehcrmann, C‘*JFO‘ (C‘*H"0*). 

If aliziirino in a finely divided or, what is still better, in a freshly precipitated state, 
be suspended in distilled water, and a piece of ciilico printed with alumina and 
iron mordants of different strengths be plunged into it, the latter, on gradually 
heating the l>ath, become dyed. The proce.ss is necessarily a slow one, because 
aliziirino is only slightly soluble in boiling water, and as the mordants can only 
combine with that ^Kirtion actually in solution, a constant ebullition of the liquid 
must l*e kept up, in order to cause fresh portions of colouring matter to dissolve in 
the })lace of that portion takin up by the mordants. A very small proportional 
quantity c)f alizarine is required in order to dye very dark colours, but it is absolutely 
iu?ccssary that the bath should contain no trace of either acid or base, since the former 
would combine with the mordants, and the latter with the alizarine. When the 
process is complete the alumina mordant will be found to have acquired various 
shades of rod. while the iron mordant will appear cither black or of different shades 
of purple, according to the strength of the mordant emploj’ed. These colours are 
as brilliant and as permanent as those obtained from madder by means of a long and 
complicated proces.s. Nevertheless, the red is generally found to have more of a 
purplish hue, auil the black to l>e loss intense than when madder or its preparation! 
are employed. On the other liand, if one of tho finer madder colours which arc 
prixUiced on calico, such as pink or lilac, bo oxamincil, tho colours are found to con- 
tain, in combination with the mordants, almost pure alizarine. Hence it may bo 
inferred, Uiat aliziirino alone is ret^uired for the proiluction of these colours, mid 
tliat tho simple combination of this colouring matter witli tho mordants is tho prindpal 
end which is to bo attained hy the dyer in proilucing them. 

Alizarine has been obtained artificially by Messrs. Graebe and Liebomiaim, to s 
derivative of aulhrocoue or jKira naphthaline, whicli is one of tho product! obtained in 
the distillation of coul-tar. Artificial alizarine is now extensively mannfMtnxod end 
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tiscd for a suliatitutefbEr madder. Bj the action of bromine upon nliz.irino, Mr. PerJnn 
has recent] j obtained a deriratiTe called hroinalisarinc, which mHj also be used in 
dyeing. For the manofactore of artificial alisarine, see ALizAnrinc ; Anthrackot^ 
Pvrfmrimef the other red colouring matter of madder, with which the matiha 
coiorante rose of Gaultier de Claubry and Pcrsoz, and the madder-purple of Range, are 
eabatandallj identical, can hardly be distinguished by its appearance from alizarine, 
which it alao rMembles in most of its properties. It crystallises in small orange- 
oolou^ or red needles. When carefulJy heated it is almost entirely volatilised, 
yieldii^ a sublimate of shining orange-coloured scales and needles. It is slightly 
^uble in boiling water, giving a pink solution. It is more soluble in alcohol than 
in water, the solution having a deep yellow colour. It dissolves in concentrated 
Bulphurie acid, and is not decomposed on beating the solution, even to the boiling 
point. It is decomposed by boiling nitric acid, and yields, like alizarine, phthalic 
acid. It is distinguished from alizarine, by its solubility in alum-liquor. When 
treated with a boiling solution of alum in water, it dissolves entirely, yielding a peculiar 
opalescent solution, which appears of a bright pink colour by transmitted light, and 
yellowish by reflected light. The solution deposits nothing on cooling, but on 
adding to it an excess of muriatic or sulphuric acid, it becomes colourless, and the 
purpurine falls down in yellow flocks. On this property depends the method of 
separating it from alizarine. The compound.s of purpurine with bases are mostly 

r -ple. It dissolves in alkalis with a bright purplish-rod or cherry-red colour. 

solution in caustic potash or soda be exposed to the air. its colour changes 
gradually to reddish-yellow, and the purpurine eontainod in it is decomposed, a 
characteristic which also serves to distinguish purpurine from aliz;irinc, the alkaline 
solutions of which arc not changed by the action of oxygen. The composition of 
purpurine approaches very near to that of alizarine. Imt its chemical formula is 
unknown. It communicates to calico, which has been printed n^ith various mordants, 
colours similar to those imparted by alizarine, but the red is more fiery, and the 
black more intense than when alizarine is employed. On the other liniid, the purplo 
dyed by means of purpurine has a disagreeable reddish tinge, and presents an 
unpleasant contrast with the beautiful purple from aliz?»rine. The name of this 
colouring matter is therefore very inappropriate, and is calculated to misleatl. The 
colours dyed with purpurine are less stable than those dytd with aliz;irine, tiny 
are less able to resist the action of soap and other agents than the latter. Hence, very 
little purpurine is found in combination with the mordants, in such madder colours 
as have undergone a course of treatment with alkalis and acids, after havitig been 
dyed ; indeed, the principal object of this treatment apj:»eiirs to Ik; the removal of this 
and other substances, so as to leave compounds of alizarine only on the fiil>rio. 
Purpurine seems to abound more in the lower, stronger qmilities of madder than in 
the finer. To this cause, Robiquet chiefly ascribed the superiority of the latter in 
dyeing fast colours, and no better way of accounting for it has hitherto been suggested. 
Purpurine forms the basis of tlie red pigment called madder-lake. 

HuMacine is the name which has been ajqdied lo a yellow crysUillised colouring 
matter contained in madder. It coincides in m(»st of its properties with the. 
madder ‘Orange of Range. It crystallises in greenish -yellow lustrous scales atid 
needles. When heated it is entirely volatilised, yiehling a crystalline sublimate. It 
is only slightly soluble in boiling water, l>ut more soluble in boiling alcohol, from 
which it crystallises on cooling. It dissolves in concentnit d sulphuric acid, and is 
not decomposed on boiling the solution. It also dissolves in boiling nitric acid without 
being decomposed. It dissolves in caustic alkalis with a purple colour. It.s com- 
pounds vrith earths and metallic oxides are mostly red. When treated with a 
ooil]|i^ solution of pemitrate or perchloride of iron it dissolves entindy. yielding a 
browntih-red solution, which deposits nothing on cooling, but gives, on the additi<jn 
of on excess of muriatic acid, a yellow flocculcnt precipitate, consisting of a peculiar 
«eid| called ruhiaoic acid. 

Two amorphous resinous colouring matters, forming brownish -red con)pouuil8 
with bases, mive also been obtained from madder. Both are very little soluble in 
boiling water. One of them is a dark browm, brittle, resin-like substance, veiy' easily 
Bolubw in alcohol, which melts at a temprature a little above 212^ F. The other i's 
a reddish-brown powder, less soluble in alcohol than the preceding. These two 
tolouring mattm, together with rubiacino, constitute probably the taumi^ or dun 
ttdourtfi^ maUer of the older chemists. They do not contribute to the intensity of tiie 
oolours dyed with madder, and exert a very prejudicial effect on the lieauty of the 
If printed calico l»e dyed with a mixture of alizarine, and any one of tlieso 
^bse colouring matters, the colours are found to bo both weaker and Kss beautiful 
thsa whsn aUzarine is emifloyed alone. The red acquires an orange tinge, and tlio 
iMipIsm faddish has, whim the black is less intense, and the parts of the calico 
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which should remain white aw found to hare a yellowish colour. Hence it is of im-^ 
portance to the dyer that their effect should be counteracted as much as possible, by 
preventing them either from dissolving in the dye-bath or from attaching themselves 
to the fabric. 

The other constituents of madder possess no interest in themselves, but may be- 
come of importance in consequence of the effects which they produce during the pro- 
cess of dyeing. The pectine, in the state in which it exists in the root, is probably 
an indifferent substance, but in consequence of the ease and rapidity with which it 
passes into pectic acid, it may in dyeing act very prejudicially by combining 
vrith the mordants and preventing them taking up colouring matter. The extrac- 
tive matter of madder, when in an unaltered state, produces no injurious effects 
directly ; but by the action of oxygen, especially at an elevated temperature, it ac- 
quires a brown colour and then contributes, together with the rubiacine and the 
resinous colouring matter, in deteriorating the colours and sullying the white parts 
of the fabric. The extractive matter, when in a state of purity, has the appearance 
of a yellow syrup liko honey, which is easily soluble in water and alcohol. When 
pure, it is not precipitatetl from its watery solution by an earthy or metallic salt, 
bnt if the solution be evaporated in contact with the air, it gradually becomes brown, 
and then gives an abundant brown precipitate with sugar of lead. When its watery 
solution is mixed with muriatic or sulphuric acid and boiled, it becomes green and 
deposits a dark green powder. Hence this extractive matter has, for the sake of dis- 
tinction, been called Chlorogcnine and Ituhichloric Acid. The bitter principle of madder 
will bo referred to presently. The Xanthine of Kuhlmann, and the wadder-yellow of 
Rung© are mixtures of the extractive matter and the bitter principle. The sugar 
contained in madder is probably gn»pe- sugar. It has not hitherto been obtained in a 
crystallised state, but it yields by fermentation alcohol and carbonic acid, like ordi» 
nary sugar. Tlie woody fibre which is left after madder has been treated with 
various solvents until nothing more is extracted, always retain a slight reddish or 
brownish tinge from the presence of some colouring matter which cannot bo com- 
pletely removed, and seems to adhere to it in the same way as it does to the cotton 
fibre of unniordanted civlico. 

There is a question connected with the chemical history of madder which must not 
bo piissed over in silence, since it is one which possesses great interest, and may at 
some future time become of great importance, viz. the question as to the state in which 
the colouring matters originally exist in the root. It has long been known, that when 
ground madder is kept tightly packed in casks for some time, it constantly improves 
in quality for several years, after which it again deteriorates ; and it was always sup- 
posed that this effect was due to some process of slow fermentation going on in the 
interior of the mass, an opinion which seemed to bo justified by the evident increase 
in weight and volume, and the agglomeration of the particles which took place at the 
same time. Nevertheless, the earlier chemical examinations of madder threw no light 
whatever on this part of the subject, since the red colouring matters were found to 
be very stable compounds, not easily decomposed except by the action of very potent 
agents, so that when once formed it seemed improbable that they would be at all 
aflected by any mere process of fermentation. Hence some chemists were led to the 
conclusion that the improvement which takes place in the quality of madder on keep- 
ing is cjiused by an actual formation of fresh colouring matter. A very simple ex- 
periment may indeed suffice to prove that the whole of the colouring matter does not 
exist ready formed, oven in the article as used by the dyer. If ordinary madder be 
extracted with cold water, the extract after being filtered has generally an acid re- 
action, and cannot coubiin any of the colouring matters, since these are almost in- 
soluble in cold water, especially when there is any acid present. Nevertheless the 
extract when gradually heated is found capable of dyeing in the same way as madder 
itself. If the extract be made tolerably strong, it possesses a deep yellow colour and 
a very bitter taste ; but if it be allowed to stand in a warm phu:e for a few hours, 
it gelatinises, and the insoluble jelly which is formed is found to possess the whole of 
the tinctorial power of the liquid, which has also lost its yellow colour and bitter 
taste. Hence, it may be inferred that the substance which imparts to extract its 
bitter taste and yellow colour is capable also of giving rise to the formation of a oertaui 
quantity of colouring matter. 

In 1837 a memoir was published by Decaisne, containing the resnlts of an ana- 
tomical and physiological exiimi nation of the madder plant, results which were con- 
sidered so important that a prize was awarded to the author by the Ro^j^al Academy 
of Sciences at Brussels. This investigation led the author to the conclusion, that the 
cells of the living plant contain no ready-formed red colouring matter, but ara filled 
with a transparent yellow juice, which, on exposure to the atmosphere, becomes reddish 
and opaque in consequence of the formation of red colouring matter. Hence he 
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iilHurMd that tha insoliible red colouring-matter was simply a prodnct of oxidation of 
file aoluUa ydlow erne, and that, consequently, the more complete the exposure of the 
tfitnrated r6ot to the atmosphere, the greater would be its tinctorial power ; and he 
eren wont so fiir as to assert that all the proximate principles obtained from the root 
trert deritad oHimately from one single substance contained in the whole plant. That 
the fiefii roots, before being dried, do indeed contain no colouring-matter capable of 
hnipartitffi to mordants colours of the usual appearance and intensity, may bo proved 
by the raUowing experiment : — If the roots, as soon ns they are taken out of the 
pfOttiid, are cat into small pieces as quickly ns possible, and then extracted with 
oaiUag spirits of wine, a yellow extract is obtainwl, which, after being filtered and 
afSporated, leares a brownish-yellow residue. Now this residue, on being redissolved 
ill water, is found incapable of imparting to mordants any but the slightest shades 
of C(dour ; and, on tlie other hand, the portion of the root left after extraction with 
spirits of wine, on being subiocted to the same test as the extract, is found to possess 
as litde tinctorial power as the latter. If. however, the roots, instead of being treaU d 
with spirits of wine, are macerated in water, the liquor, on being gradually heated, 
dyes tile usual colour as well as ordinary madder. Hence it may be inferred that l)y 
means of alcohol the colour-producing body of the root may be separated from tlie 
agent which, under ordinary circumstances, is destined to effect its trnnsforinatiou 
into colouring-matter, the one l>eiiig soluble and the other insoluble in that inenstniuni. 
It was by this and oUior similar facts that Schunek was led to an examination of tliis 
part of the subject. He infers from his experiments that tlie colour-producing body 
of niaddder is identical with its so-called bitter principle, to which he lias given tlie 
name of Rvhian. This body, when pure, has the following properties: — It is an 
amorphous, shining, brittle substance like gum, dark brown and opaque in mas.s, but 
yellow and transparent in thin layers. Its solutioins are of a de(‘p-ycllow colour, and 
hare an intensely-hitter taste. It is ea.sily soluble in water and alcohol. The watery 
solution turns of a blood-rod colour on tlie adilition of caustic and carbonated alkalis, 
and gives dark-red precipitate with lime and baryta-water. The solution gives a 
copious light-red precipitate with ba.sie acetate of load, but yields no prec-ipiiatc with 
any other metallic salt. On trjdng to dye with rubian in the usual manner, the mor- 
dants assume only the faintest sh.ades of colour. If, howevt*r, tlie watery solution bo 
mixed wth sulphuric or muriatic acid and boiled, il gradually deposits a quautity of 
insoluble yellow flocks, which, after being separated ]>y tiltratiou and well washed, 
are found to dye the same colour as those obtained by nu ans of madder. In fact, 
these flocks conbiin alizarine, to which tliej’’ owe their tinctorial power, but they also 
contain a crystallised yellow colouring-matter, similar to, but not identical with, 
rubiacine, as well as two resinou.s colouring-matters, wliich Schunck has named 
Verantine and Bubiretine, and w’hich are probably identical with the resinous 
colouring-matters before referred to as being obtained from ordinary madder. The 
liquid filtered from the flocks contains an iincrystallisablc sugar, similar t'l that w'hich 
is obtained from the madder itself. Rubian is not decomposed by ordinary ferments, 
such as yeast and decomposing-casein ; but by extracting madder with cold waiter, 
and adding alcohol to the extract, a substance is preeijutated in pale-red flocks, wdiicli 
possesses in an eminent degree the pow'er of effiicting tlie decomp)sitioii of rubian. If 
a watery solution of the latter be mixed wdth some of the floeculeiit ] recipitato 
(after having been collected on a filter, and wa.shed with alcohol), and then left to 
stand in a warm place for some hours, the mixture is converted into a light-brown 
^elly, which is so thick that the vessel inaj' be reverseil without its falling out. This 
jelly, when agitated with cold water, communicates to the latter very little colour or 
taste, proving that the rubian has undergone complete decomposition by the action C)f 
the flooeulent subsjbance or ferment added to its solution. The cold w'ater, however, 
extrsets from the gelatinous mass a quantity of sugar, while the }>ortion left undis- 
•olved contains alizarine, verantine, rubireiino, and a ciystulliue yellow colouring- 
nattoTi besides a portion of undecomposed f(‘rment. ilubian, therefore, by the action 
of ilMig inineml-acids and of the peculiar ferment of madder, is decomposed, yielding 
sugar attd a variety of colouring-matters, the principal of which is aliziirine. It appears, 
theretfote, that these oolouring-matters are not originally contained as such in the root, 
but are formed by the decomposition of one parent substance, wdiich ulotie is produced 
by the vital energies of the plant. In addition to this substiince, the plant also con- 
tains another, which possesses the property of rapidly effecting the decomposition of 
the first The two are, however, during the living state of the plant, prevented from 
acting on one another, either in consequence of their being contained in different cells, 
or because the vital enezgies of the plant resist the process of decomposition. During 
^ and grinding of the root the decomposition of the colour-producing body 

e fl W Wn e n e ee and continuee elowly during the period that the powder is kept before 
It is finally completed daring the process of dyeing itself, and aenee no 
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trace of colour-producing Bubetance can be detected, either in the liquor or the reindiial 
madder, after the operation of dyeing is concluded. The presence of oxygen does not 
seem to be essential during this process of decomposition, as Decaisne suppo^. 
Nevertheless, according to Schunck, rubian does in reality suffer a partial oxida- 
tion when its watery solution, mixed with some alkali or airline earth, is exposed to 
the action of the atmosphere, giving rise to a peculiar acid, called by him rubianic 
acid. When rubian is heated <st a temperature considerably exceeding 212° Fahr^, it 
is converted without much change of appearance into a substance which yields by 
decomposition resinous colouring-matters in the place of alizarine. The great excess 
of these colouring-matters contained in the madder of commerce arises, therefore, 
most probably from the high temperature employed in drying the root. 

Employment of Madder in Dyeing , — After the account which has just been given of 
the composition of madder, it may easily be conceived that the chemical and physical 
plienomena which occur during the various processes of madder-dyeing, are of a rather 
complicated nature, and that many of these phenomena have not yet received a per- 
fectly satisfactory explanation. Nevertheless, the present state of our knowledge on 
tliis subject may enable us to give a co.nsistent explanation of the facts presented to 
us by the experience of the dyer, and even to indicate what direction our labours must 
take if we wish to improve this branch of the arts. 

In order to produce porfectly-fast colours in madder-dyeing, it is necessary that the 
madder should contain a largo proportion of cjirbonate of lime, and if the madder is 
naturally deficient in that salt, die deficiency may be supplied either by using* cal- 
careous water in dyeing, or by adding a quantity of ground chalk. If madder be 
treated with dilute sulphuric or muriatic acitl, so as to dissolve all the lime contained 
in it, and then washed with cold water until the excess of acid is removed, its tinc- 
torial power will be found to be very much diminished, but may bo entirely restored, 
and even increased, by the addition of a proper quantity of lime-water or chalk. 
Hence, too, Avdgnon madder, which is grow*n in a highly-calcareous soil, and contains 
so* much carbonate of lime as to effervesce with acids, affords the most permanent 
colours ; whilst Alsace madder requires the addition of carbonate of lime in order to 
produce the same effect. This fiict was first pointed out by Hausmann, who, after 
having pr(xiuced very fine rods at Rouen, encountered the greatest obstacles in dyeing 
the sjiine reils at Logelbjioh, near C’olmar, where ho went to live. Numerous trials, 
undertiikon with the view of obtaining the same success in his new establishment, 
proved that the cause of his favourable results at Rouen existed in the water, which 
contained carbonate of lime in solution, whilst the water of Logelbach was nearly 
pure. He then tried a factitious calcareous wator by adding chalk to his dye-batb. 
Having obtained the most satisfactory results, he was not long in producing here as 
beautiful and as solid rods as ho had done at Rouen. This simple fact led to the pro- 
duction of a series of lengthy Memoirs on the part of some of the French chemists and 
calico-printers, which fully confirmed the results of Hausmann, without, however, 
leading to a satisfactory explanation of them. The e.xperiments of Robiquet prove 
that in dyeing w'ith pure alizarine the least addition of lime is rather injurious than 
otherwise, as it merely weakens the colours without adding to their durability. Hence 
the beneficial effect of lime can only be accounted for by some action which it exerts 
on other constituents of the root. Bartholdi imagined that this action consisted 
simply in the decomposition of the sulphate of magnesia, which he found to bo con- 
Uined in ordinary madder. It was asserted by others that the carbonate of lime 
serv-ed to neutralise some free acid, supjx)sed by Kuhlmann to bo malic acid, which 
was present in some madders, and which not only to a great degree prevented the 
colouring-matters from dissolving in the d 3 'e-bath, but also combined with the mor- 
dants to the exclusion of the latter. Though later researches have failed to detect 
the existence of malic acid in madder, still it is certain that all watery extracts of 
madder contain pectic acid, which probably exists in the root ori^nally as pectine ; 
and that this acid, when in a free state, acts most injuriously in d^^eing with alizarine, 
but ceases to do so as soon as it is combined with lime. Nevertlieless, it seems that 
madder which is naturally deficient in lime, cannot be made to replace entirely such 
madder as has been grown in a calcareous soil, however groat an excess of chalk be 
used in dyeing. Hence Robiquet was led to the conclusion that the inferior kinds of 
madder, which are also the most deficient in lime, contain more purporine and less 
alizarine than the superior kinds, and that the carbonate of lime serves partly to 
combine witli the purpurino, and prevent it firom uniting with the mordante, and thns 
producing It^s permanent d^'es. The experiments of Schunck have proved that not 
only pectic acid, but also rubiacine and the resinous colouring-matters of madder, act 
detrimentally in dyeing pure aliz;iriue, by deteriorating the colours and snllying 
the white parts of the fabric, and that those effects are entirely neutralised by the 
addition of a little lime-water to the dye-bath. If in dyeing with madder the whole 
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tftbe ^oJoiwiiig4atUenw in a free state, the resinous and yellow eolouring-matteri 
WPonlA according to Sehnnck, unite with the mordants, to the exclusion of the nliai- 
XUM^ jidduig ooloim of little pemianoncy and of a disagreeable hue ; l)ut on adding 
linti^ thfgr eombins with it» and the alizarine, being less electro-negative, t hen nttacluis 
Itself to the mordants or weaker bases. A great excess of lime would of course 
bare an ngmioiis offset by combining also with the alizarine, and preventing it from 
SKorting its tinctorial power. In practice a little less lime is added than is sufficient 
to tabs wp Ibe whole of the impurities with which the alizarine is asso{‘iatdd, thus 
idlowing a portion of the former to go to the mordants, to be subsequently removed 
hj treatment with soap and other detergents. Lastly, it has been asserted by Kochlin 
and PCrsoa tbat when lime is used in dyeing with madder the colours produced arc 
act aimply compound of colouring-matter with mordants, but contain also in chemical 
combination a certain quantity of lime, which adds very much to their stability. It 
l^obable that all these causes contribute in producing the effect The carbonates of 
magnesia and zinc, acetate and neutral phosphate of lime, and the protoxides of load, 
mne and manganese, act in a similar manner to carbonate of lime in madder-dyeing, 
but are less efficient 

Dambourney and Beckman have assorted tliat it is more advantageous to employ 
the fresh root of madder than that which has been submitted to desiccation, espwially 
by means of stoves. But in its state of freshness its volume becomes troublesome in 
the dye-bath, and uniform observation seems to prove that it ameliorates by age up 
to a certain point. Besides, it must be rendered susceptible of keeping and carrying 
easily. 

In dyeing printed calicoes with madder, the general course of proceeding is ;is 
follows : — The madder having been mixed in the dye-vessel vnth the proper quant ity 
of water, and, if necessary, with chalk, the liquid is heated slowly by means of fire or 
steam, and the fabric is introduced and kept constiintly moving until the dyeing is 
finished. (See Cauco-Pkintino.) The temperature should be kept low at first, ip)d 
should be gradually raised, without allowing it to fall, until it ro.'icl)e8 the boiling- 
point; and the boiling may, if necessary, be continued for a short time. Tlie chief 
object of the gradual heating seems to be to allow the ferment to exert its lull power 
on the rubian or colour-producing boily ; for this prcx'e.ss. like all processt's of fi rmen- 
tation, is most active at a temperature of about lo0° Falir., and is arresUd at 
Fahr. In dyeing quickly less permanent colours are also pro<luced, in eonseqm rice, 
probably, of the colouring-matters combining with the more supi^rfieial p«<rtions i f 
the moi^nts, and not penetrating sufficiently into the interior of the vrgelai-le lii'r>'. 
The fastest colours are produced by dyeing at a moderiilc tempera! am] not allow- 
ing the liquid to boil. By lx)iling the madder l-ecomi s more tlioroughly exhausted, 
and a greater deptli of colour is attained, but the latter resitis less j-erli-x ily tlie 
action of soap and other agents, than the same shade dyed at a b>wor temperature. 
The time occupied in dyeing varies according to the nature and intensity ol tiie 
C(fiours to be produced ; but there j.s little advantage in allowing it in any case to 
exceed 3 hours, since the gain in colour acquired is more than euiiiiierbalanced by li.i 
loss of time and increased expenditure of fuel caused by a Jong-eonlinueil ebui;!ti»>n. 
In dyeing ordinary madder colours, sucli as red, black, chocuiate. and eummon }>urpl. , 
which do not require much ti-catmeiit after dyeing, in order to give the-ra the desired 
tone and intensity, strong but inferior qualities ol madder may be UNud wiiii advan- 
tage; and various other dye-stuffs, such as peaeh-wixxi, quercitron-lark, sumac, ice., 
are often added to the madder, in order to vary the shade and depth of colour. But 
for the finer colours, such as pink aud fine purjde, whicii after (lyeing must be sub- 
jected to a long course of trexitment with soap and acids l>eforo they assume the 
requisite beauty and delicacy of hue, it is necessary to employ the fme.st qualities of 
madder ; for if dyed with inferior qualities they would resist only imperfectly liie 
requisite after-treatment, and great care must bo observed in regulating ilu- tenljicni- 
ture during dyeing. The addition of other dye-stuffs, in their case, would be not 
only ueeless, but praitively injurious. The use of different kinds and qualities of 
ma^r is eonjunctiou is often found to be attended with benefit, arising ]<rt>bably 
from the cticumetance of one kind supplying some material or other, such as fermeuL 
or carbonate of lima, in which the other is deficient. 

Tbaehaiiiical poeewea which take place during the operation of dyeing may be 
chortly deccribed as follow In the first place, the water of the dye-bath extracts 
mom soluble oonstitueuts of the madder, such as the sugar, extractive matter, aud 
Utter principle. The latter substance is decomposed by the ferment, aud the colour- 
iog-matter th^by formed is added to that which already exists in tltc root. As the 
t^perature rises the less soluble constituents, such as tlio alizarine, pur|>urine, rubia- 
mgSi the mnous colourioj^-matters, the pectine and pectic acid, l)fcgin to dissolve, and 
m thqr dissolve thegr eombiiie partly with the mordante of the fabric, partly with the 
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lime And other bAies contained in the root or added to the dye-hath, and thna permit 
the liquid to take up fresh quantities from the madder. If the quantity of 
was exactly proportioned to the quantity of fabric to be dyed, then it be^mes, in this 
way, gradually exhausted of all available colouring-matter. The extractive matter at 
the 6/ime time acquires a brown colour by the combined action of the heat and oxygen, 
and covers the whole surface of the fabric with a uniform brown tinge. When the 
dyeing is concluded the liquor appears muddy and of a pale dirty-red colour. It still 
contjiins a quantity of colouring-matter in a state of combination with lime and other 
bjvses from the madder, or with portions of the mordant mechanically detached 
the fabric. The residual matter at the bottom of the liquor also contains a quantity 
of colouring-matter in a similar state of combination. By mixing the residue and 
the liquor with sulphuric or muriatic acid, boiling, and then washing with water, the 
various bases are removed, and the colouring-matter is thus made available for dyeing. 
Occasionally, when a very great depth of colour is required, it is found advisable to 
lot the goods pass through a second dyeing operation, instead of obtaining the requisite 
shade at once. 

After the calico has been removed from the dye-bath and washed in water, it 
prosonts a very unsightly appearance. The alumina-mordant has acquired a dirty 
brownish-rod colour, and the iron-mordant a black- or brownish-purple, according to 
its strength, wliilst the white portions are reddish-brown. In the case of ordinary 
colours the fabric is now passed through a mixture of boiling bran -and- water, or 
through a weak solution of chloride of lime, or it is exposed for some time on the grass 
to the action of .air and light, or it is subjected to several of these processes in succes- 
sion, by which means the impurities adhering to the mordants or the fibre are, in a 
great measure, either removed or tlestroyed, the white portions recovering their purity, 
and the red, blaek, purple, and chocolate, appearing afterwards sufficiently bright for 
onlinary purposes. That the colours, however, even after being thus treat^, still 
couUiu in combination with the mordants other substances in addition to the red 
colouring-m.atters. mjiy bo proved by a very simple experiment. If a few yards of 
bjme calico, whioli has been treated as just described, be immersed in dilute muriatic 
acid in the cold, tlie mordants arc removed, and the colours are destroyed ; orange- 
coloured stains being left on the places whore they were before fixed. After washing 
the calico with cold water, the ontige-coloured matter may be dissolved in alkali, and 
the calico loft entirely white. The solution, which is brownish-red, gives, with an 
e.\cos8 of acid, a reddish-brown floceuleiit precipitate. This precipiUite, after being 
collected on a filter and well washed with water, is found to bo only partially soluble 
in boiling alcoh<d. a br(»wn substance, consisting piirtly of pectic acid, being left un- 
tlissolved. The yellow alcoholic solution leaves, on spontaneous evaj^voration, a brown 
crystiilline residue, which is found on exiimi nation to contain aliziiriue, purpuriue, a 
little rubiacinc, or some similar compound, and a brown amorphous substance. Tho 
removal of these v.irious impurities, associated with tho alizjirine, seems to be a prin- 
cijwil object of the treatment to which madder-colours are subjected, when it is desired 
Im give them the highest degree of brilliancy of which they are susceptible. This course 
<»f trratmetil, as applit^l to j*rlutod cjilicoes, may be shortly described as follows; — The 
g.'O is, after l>eing very fully dye«.l, generally with tho advlitiou of chalk, and then 
w.'ir-hed. .are jKisscd for some time through a solution of saip, which is heated to a 
nexlcratc tcmf»eniture. By this means a greait deal of colour is removed, as may be 
seen by the red tinge of tho soap-liquor, and the purity of the white portions is almost 
ent irely restored. I>uring this pnx'ess the brown and yellow colouring-matters are 
]*rolMibly removed by tlouble decom|>osition, the alkali of the soap combining with 
and dissolving them, while the fat acid takes tlieir phice on the fabric. After being 
waslied tho goods Jire passed thrt>ugh a weiik solution of acid, mostly sulphuric or 
oxalic acid, or an acid tin-salt, which causes the colours to assume an orange tinge. 
The point at which tho action of this acid-liquid is to bo arrested can only be ascer- 
tiiined by pnietice. The next stop in the process is, after washing the goods, to treat 
tliem again witli soap-liquor, which i.s gradually raised to tho boiling-point, and they 
are liistly subjected to the action of soitp-liquur in a close vessel under pressure. By 
exposing the gootls on tlie grass for s ;nio time after the first so^iping, the use of acid 
nmy bo obviated, but tho process tlien Incomes much mure tedious. In this way m 
produced those beautiful pinks and lilacs which, fur delicacy of hue, combined with 
great pernuincnce, are not surpasstxl by any dyed colours known in the arts. Whether 
the fat acid of the soap employed forms an essential constituent of these coloim is not 
certainly know n, but it is probable that it contributes to their beauty and dniah&li^. 
It is certain, however, that they always contain fat acid. If a piece 0 $ ealioo which hM 
gone through the processes just described bo treated with muriatic amd, the cdlcHir is 
destroyed, and a yellow stain is left in its place. This yellow stain dismeaMon 
^Mating the calico, after washing with water, with alkali, yielding a aehitionM a beaor 
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tiAil pniple ooloiir. Udi solution grives Again with an excess of acid a yellow, floccu- 
klt nredpiti^, wlikh, after filtration, dissolves almost entirely in boiling alcohol, 
and the Muution on evaporation afi()rd8 needle-shaped crystals of pure alizarine, mixed 
with white masses of fiit acid. The latter, therefore, seems to occupy tlic place taken 
up by the impurities before the treatment with soap. This experiment serves also to 
prove that it is alizarine which forms the basis of the more perni/inent colours 
afibrded by madder, though, on the other hand, ns in dyeing the finer madder 
oolouiv, it cannot be denied that the colouring-matters wliicli are removed by the 
traatment with soap and acids contribute to the effect produced in dyeing ordinary 
madder oolours. 

The same result is attained in dyeing Turkey red, but the process employed is 
somewhat difierent and much more complicated. See Tthkey Red. 

The attempts which have been made at various times to obtain an extract of madder, 
capable of being applied in making so-called steam-colours for calico and other 
fisbrics, have not been completely successful. A very beautiful pink has been pro- 
duced by Gustard and Giraidin, in Frjince, by printing on calico, previously prepared 
with some mordant, an animoniacal solution of an extract of miidder ciilled colorinr, 
but it is n<rt; much superior, either as regards its hut* or its degree of ixTmanency, to 
what can be obtained by ea.sier i)roeesses from dye-woods aiui other materials. 

Madder is not so much employed in woollen dyeing, esp(?cially in this countr}’, ns in 
cotton dyeing and printing. Only ordinary woollen goods are ilytKi red with madder, 
since the colour is not so bright as that obtjiined from ct>chineal or Inc, tlumgli it is 
more permanent and cheaper. A mixture of alum and tartar is employed as a mordant. 
The addition of a little muriate of tin in dycinix ini}>arLs to the colour a more searh-t 
tinge. The bath of madder, at the rate of from 8 or 16 ounces tt» the pound of clotli, is 
heated to such a d^roe as to be just beamble by the hand, and the goo^ls an? then 
dyed by the wince, witliout heating the bath more until tlie colouring matter is fixed. 
Vitalis prescribes as a mordant. of alum and yVdh ^>f birtiir ; and fur dyeing ^rd of 
madder, with the addition of T^th of solution of tin, diluted with its weight ot water. 
He raises the temperature in the space of one hour to ‘JOO®, and afterwards he Ixjils 
for three or four minutes, a circumstance which is ]»elioved to eontribuU* U> the fixation 
of the colour. The bath, after dyeing, appears to contain much yellow eolouring- 
matter. Sometimes a little archil is added to the madder, in order to give t!io dye a 
pink tinge ; but the eflfect is not lasting. By passing the poods after dyeing through 
weak alkali, the colour acquires a blueisli tinge. By adding other dye-stuffs, sucli as 
fustic, peachwood, and logwood, to the madder in dyt ing, various shades of brown, 
drab, &c., are obtained. Madder is also used in conjunction with woad and indig(» in 
dyeing woollen goods blue, in order to impart to the colour a reddish tinge. See 
Ijibioo. 

Silk is seldom dyed with madder, because cochineal affbnls brighter tints. 
Preparations of Madder , — The numerous aual^nical iiivestigatiuus of madder, 
undertaken chiefiy in consequence of the Swiele Industrielle do iIulhou^o Imving 
offered in the year 1826 a premium for a moans of discovering the real quantity of 
colouring-matter in the root, and of determining the comparative value of different 
samples of madder, led to many attempts on the part of chemists Uj imj)rovo the 
quality of this dye-stuflTby means of cliemiciil agents, and thus render it more fit lor 
the purposes to which it is applied. Ihibiquot and Bersuz were the first to point out 
the advantages which result from submitting madder, previous to its being used, to 
the action «f strong acids. They showed that, by acting on madder witli strong 
SDlphuric acid, and then carefully washing out the acid with waU r, a product was 
obtained whidi not only possessod a greater tinctorial power tJian the original 
material, bat also dyed much brighter colours. This important discovery, which was 
not, like so many o^ers, arrived at by chance, but was purely the result of scientific 
investigation, did not at first receive, on the part of prm*tical men, the n]>preciation 
which tt dasenred. TTie product obtained by the action of sulphuric acid on madder, 
which in tbs first instance was called charbon sulfurique, afterwards parancine, was 
first maanfiictnred on a large scale by MM. Lagior and Thomas, of Avignon, but so 
great wsts tbs prqjndices eDtertuinod by d^^ers and calico-printers against its use at 
tbs commsnesment, that years elapsed before they could bo overcome ; indeed they 
were partly jnsttfied tie imperfect nature of the product itself. The [>ersevaring 
iflbru to improve tbs method ^ manufacture, and adapt it to the wants of the con- 
•nmar wms at last attsnded with success, so that at the present day guraucino has 
4WSto be used to as groat an extent as madder, and lai;^ quantities of it are now 
mmilhotuiied in Fimnse and other countries. 

_Rww snj^KN^ by Bobiqoet, that by the action of sulphuric acid on madder the 
mnoilaginoiis, and extractive matters of the root were destroyed, and thns 
WMM Iroai ptodneing any iiynrions effects in dyeing, and that the woody fifate 
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WM at the same time charred, so as to preTent it from attracting and binding any 
of the polouring-mattor. This explanation is not entirely correct, since it is not 
necessary to carry the action so far as actually to carbonise any of the constituents 
of the root, and it is also doubtful whether the woody fibre erer attracts the useful 
colouring-matters in any considerable degree. The account above given of the 
chemical constitution of madder, may easily lead us to the conclusion, that, during 
t!)o action of the acid, the following processes take place: — 1. The bitter principle or 
colour-producing body of the root is decomposed, yielding, among other products, a 
q^uantity of alizarine which did not previously exist 2. The reil colouring-matters 
are rendered by the acid insoluble in water, and thus it becomes possible to wash out 
the extractive matter, sugar, &c., without the madder losing any of its tinctorial power. 

3. Tlie lime, magnesia, and other bases which are corabinoil in the root with colouring 
matter, or would combine with it during the dyeing process, are removed by the acid, 
and thus prevented from exerting any injurious action. The subsequent addition of 
a suitable quantity of lime, soda, or other base, serves to neutralise the effect of the 
excessive amount of poetic acid and resinous colouring matters, which were sot free by 
the action of the mineral acid. 

The method of manufacturing garancine, as practised at the present day, may be 
shortly described as follows: — The ground madder is mixed with water, and the 
mixture is left to stand for 8()me hours. During tliis time it is probable that the 
rnbian is decomposed by the ferment of th«i root, otherwise a great loss would be 
ex]>erieneed. More water is now added, in order to remove all the soluble matters, 
and is then run off. The liquid contains sugar, and is employed on the Continent for 
the preparation of a kind of spirit, which on account of its peculiar smell and flavour 
caniKd bo consumed as a beverage, but is used iu the arts fur the preparation of 
varnishes and other purposes. A sufficient quantity of alcoholic spirit is thus obttiined 
to pay for the whole cost of the process. The residue left after washing the madder 
may bo employed for dyeing without any further pr(‘paration, and is then called fieur 
tie garavee. In order to convert it into garancine, it is mixed with sulphuric acid, and 
the nii.\ture is heutod and left to itself for some time. Water is then added in suc- 
cessive pf>rtions until the e.xcess of acid is removed. Tho poetic acid of the root 
always retains a portion of the sulphuric acid in chemical combination ; and the 
comjHmnd b*'ing but little soluble in w.ater would require tor its removal a very long 
wasiiing, Tho addition of a small qtiantity c-f carbonate of .‘^oJa, by neutralising this 
double ttciil. serves to abridge tho time of washing very consulerably. The residue is 
then filtered on strainers, pressed, dried, and lastly ground into a tine powder. This 
jwiwiliT has a dark redd brown colour, and a peculiar odour, different from that of 
madder, but no taste. It communicates hardly any colour to cold water. D)*t*ing 
with garancine is attendevl witli tho following advantages: — 1. Tho wholo tinctorial 
pow'er of the madder is exerted at once, and garancine is therefore capable of dyeing 
inwro than tho material from which it is made. 2. Tho colours produced by its 
nu-atis are much I'righter than those dyed witli madder, and the parts of tho fabric 
ile.stifieil to remain white attract hardly any colour, so that very little treatment is 
ri*quirisi after dyeing. 3. Much less attention is required iu regard to the temperature 
of the dye-bath and its gradual elevation than with madder, and a continued ebullition 
pnxitices no injurious effects, but only serves to exhaust tho material of all its colour- 
ing-matter, On the other hand, garancine colours are not so fast as madder colours, 
they do not resist so well the action of soap and acids, and hence g-aranciue cannot l»e 
employed for the production of the more pcnnaiient colours, such as pink and fine 
purple. l»y tho use of a pnxluct which was patented by Pincoffs and Schunck seveml 
years ago, and which is oijUiined by exposing garancine to the iwtion of steam of high 
pressure it is indeed pos>ible t<» dye as beautiful and as permanent a purple as with 
madder, and its use is attended by a considerable saving of time as well as of dyeing 
material and soap, but it is not so well adapted for dyeing pink. As yet therefore we 
have not succeedi'd in obtiiining a propanitiou which shall serve as a perfect substitute 
fur madder, and the latter consequently continues to bo employed for some purpos^ 

The residue left after dyeing with madder as well as the dyeing liquor still contain 
some colouring-matter in a slate of combination, us mentiomxl above. By acting on 
it with sulphuric acid it affbnls a product similar to gamneino, which is called 
garunceux. This pnxluct is, however, adapted only for dyeing red and black, as it 
does not afford a good purple. (See C.u.ici>-PuiNTiifG.) Numerous other methods of 
treating ntudder for ilie use of the dyer liavo been invented and patented of late years, 
but they arc not sufficiently imporUmt to merit description within the limift of the 
present article. — K, S. 

The following notes of a journey to the madder-growing districts of France, (October 
1866), by James Higgiu, who contributed the important article on CAUOO^pBDfTXMO, 
will be found to have considerable interest : — * The part of the Oomtat dAvignon 
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irhm madder if grown ia a flat basin, bounded on the north and north-east by 
monatains of limestone, spurs of which, gp^ually declining in height, run east and 
west This basin is plenuMlj watered : in the north by several streams which rise 
in the mountains towards the north-east, and run, in a south-westerly direction, int.o 
ths Bhdne ; along the south-west boundary runs the fine river Piirance, which, like all 
the other streams, joins the Rh6ne — in this case below the town of Avignon ; between 
the Duxanoe and ^e mountains, and about the centre of tlie Comtat rises the celebrated 
flmntain of Yauduse, or the river Sorgue. This remarkable river rises as a ^ring, 
in an mphitheatre of perpendicular rocks, about eighteen miles north-east of Avignon. 
A Ufodiffions volume of water issues from a deep pool at the foot of a high precipice, 
ana in we course of two hundred or three hundred yards the stream is augmented by 
numevottS lateral springs ; so that, at the distance of a quarter of a mile from tho 
•ouroe^ the fountain has become a considerable river, running at the rate of seven or 
eig^t miles an hour. After running a mile or two the stream divides into two main 
branches, which, lower down, subdivide ; tho one into four branches, the other into 
three, or seven streams in all, each of considerable volume. These seven streams 
permeate the central and southerly portions of the basin alwve described ; and it is to 
these waters that I unhesitatingly ascribe tho wonderful fertility of the district of 
which Avignon is the capibil. The Sorgue waters are again subdivided, artificially, 
in a great variety of ways. Small streams run along the roadside and across the 
fields in every conceivable manner ; tlie volume of water being so great and flowing so 
rapidly, that tlie agriculturist can divert it. dam it up, and irrigate liis fields just as 
he wants, in the same manner as the people of the ‘ Garden of Valencia,' in Spain, 
apply the waters flowing through the old Moorish aqueducts, and produce thereby, 
with the aid of a southern sun, a fertility perha})s without parallel niijwliere. 

* The result of this abundance of water is that the soil is kept naturally moisi ; not, 
be it understood, but to such a degree of moisture as naturally occurs when water 
is found anj’whero from two to four yards below the surface. In some piirts of the 
basin are patches of land, where formerly were small lakes, which have dried up. 
These patches were occupied during the drying-up. and for years subs(*quently, by a 
dense growth of reeds ; and at the present lime the ditches lordering these lands, and 
any portion of them still covered with water, grow plentifully, tall reeds. These 
ancient lakelets form the lands known as * Paluds,' where tlu* finest quality of madder 
grows. The soil here, when dry, is of a light dmb colour, very pulverulent, ainl 
containing about half its weight of chalk, M’hich has been washed down from tlie 
limestone hills. ^VheD freshly turned up, this soil is dark brown, showing the prosence- 
of considerable quantities of humus. 

*In the higher portions of the basin grows the quality of madder called Jiosir, 
Tho soil here contains more clay and less chalk, and when diy* it is much morcMenticious 
and not so easily powdered in the fingers. It is, when moist, of not quite so dark n 
coloor as the paludg land. The course of cultivation lor the rosce lands is to jilough 
up and clean the land in autumn and vunter. In spring, stable or eow nuinun* is 
freely applied over the ground, and then plouglied in. Ileds of about three foet wide 
are maae by cutting trenches about one foot deep, and throwing the soil on the beds. 
Hadder-seed is now sown in drills, running Icn^hwi.^^c down tho beds, to the number 
of four or five to each bed. The quantity of manure gdvc n per acre varies with tho 
number of cattle kept by the formers ; they give as much as they can nuu^ter, us they 
know very well that plenty of manure increases th<‘ yield of roots. In the trenches 
between we madder beds, or more generally only in every other trench, vhiie-sugar 
beet is alwavs sown ; probably as the beet, when growing is a very bulky, leafy 
plant, the beds would be too much shaded from the sun l.y sowing it in every drill. 
.Nothi^ is done during the summer but weeding, and before winter comes on the young 
plant is eorered entirely with earth taken from the trenches after the Uct -crop (three 
to flve tons per acre) is removed. Next spring and summer nothing but weeding is 
done, if we plncking the seed and sowing beet-root in the trenches which were 

left vaeant the farmer year. In the late autumn, or about October, the crop is 
generally dog or at eighteen months old. The formers know perfectly well that 
to leave the mnd^ in the ground another year, or in all thirty moutlis, is a gain to 
them both hi and quality, but they are generally poor, the FrencJi laws of 

inhentanoe tSDmng to constantly subdivide the lauds into very small fonns, and they 
«tn obliged to xeal^ npon the cm as soon as they possibly ^n, which is as soon as 
the soots are of a saleable sise. The paluds madder is always planted in the spring, 
jmC Mim» ^ plants being obtained from the year-old crops. 1 could not ascertain 
wkj this difforenoe is nade, further than that it is found to suit paluds land better 
Wt soiie. 

^ two great cardinal points I aatisfied myself, viz. ; that manure is always 

pvM» and that no aitifleial irrigation is practised, the natural freshness of the soil 
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l)eing sufficient. The farmers, howcTcr, always look for rain in the spring to fadlitate 
the germination of the seed, and in autumn to facilitate the digging-up the roots ; for 
the rest of the year it is not of any impoartance to have rain. Rotation of cro^ is 
usually practis^, though in some districte madder is grown year after year upon the 
same soil, by giving plenty of manure. This, however, is not considered a wise plan, 
and all the farmers I talked with condemned it. The usual rotation is one madder 
crop, then a crop of wheat, and lastly lucerne for one or two years, generally the 
latter, lucerne being a good paying crop. I saw in October lucerne being cut and 
made into hay for the fourth time that year, and even then a splendid crop. Where 
it is practicable, they irrigate the Income three or four times a year. In many places 
this is very easy, by damming across one of the numerous streamlets of the fountain 
of Vaucluse water, so as to cau.se the water to cover the adjacent land. Thus, once 
manuring, with irrigation, lasts six years. 

‘ The roots when pulled are spread out on sheets on the ground and dried in the 
sun, and sold in this state to the merchant or grinder. The farmers deliver them as 
damp as they dare ; as soon as a bundle of thorn, t.iken in the hand and twisted round, 
breaks easily, the roots are considered commercially dr}'. On being stove-dried for 
grinding, the dried roots lose for paluds, 20 per cent. ; for roseo, 18 per cent. 

‘ The digging np of madder is evidently the most expensive part of the business, 
but it is not surprising when you sec the leisurely way m w'hich they go about it: a 
man digs down a breadth of a bod, and then puts dow’n his loiicJie (a sort of spade- 
hon) and picks out the mailder roots, .shakes them, and throws them into a basket. 
Ry liiring ohildreii to follow the digger, to pick up and clear the roots, a great saving 
could be effoctod. A maddor-diggor gets three francs a day; the ordinary wages for 
other labouriTs is two and a half francs per day. It would seem easy to adapt horse 
machinery to digging up madder, I was told as one reason why the roots are often 
pulled up at eight con moiith.s old, that if left in the ground longer they rotted ; this, 
iiowover, is only said of low-lying lands, and is not the case near the mountains. I 
am inclined to think, howc^vor, that poverty is more frequently the cause. 

‘ I saw near Pomes, in the paluds country, some splendid madder that had been 
forty-two months in tho ground ; the farmer had been too busy in the autumn of 1865 
to pull it at th(5 usual tiiiio, and knew, he said, that he should be rather againerthan 
a loser by letting it stay in the ground another year. This maddq^ had all the 
appearance of good Turkey madder ; and a French madder-grinder and garaucine- 
maker, who was witli me. told me that he had never .seen any so good before. 

* The rent of good madder-land is high. About Avignon tho land that grows rosee 
roots is let at 20 fnnes to 25 francs px!r einince per annum ; an eminee being one- 
tenth of an lu'etare, or about a quarter acre English.* The rent of paluds land, ne^ir 
Orange and Pernes, is 30 francs to 35 francs per emiueo; bo that an acre (English) of 
rosee lauds lets at Gl.'f, to 80 ,v. per annum. An acre of paluds land lets at from 96«. 
to 112.f. per acre. The yield per acre is two tons for paluds roots ; for rosee roots it 
is not so much." The present price of rosee roots, as delivered by the farmer, is 55 
fniues jH T 100 kilos. ; of paluds, 65 francs per 100 kilos. These prices correspond to 
Til. JHT toil for r«).sec, and 26/. per ton for paluds. These price.s are exceptionally 
low; and a madder-grinder told me tint 55 fnincB per 100 kilos, only aljout covered 
the cost of rent, m.inure, and labour, and that 75 francs was a gocKl paying price; 75 
francs bs at the rate of 30/. per ion. (.’ulza-oil cike is used ns a manure for grain 
crops and lucerne, when not following mailder, but it dues not suit madder — goodfann- 
yai^ manure being what is required ; superphosphate of lime does not appear to have 
been tried.. 

‘Madder of very fine quality, almost ptilud.**, i.s now grown in the alluvial lands of 
the Bouehes du Rhone, near Arles, and even down nearly to Marseilles. This land is 
impregimU*d with salt, and I was told more than once that a little salt as a top dressing 
W'as useful to improve tho yield of the lands in the Fomtatof Avignon. Itisacunous 
coincidence that in the district wliere madder is principally cultivated in Spain^that 
is, between Segovia and Valladolid— there are large siilt lakes, though almost in the 
centre of Spain ; indeed, salt i.s made from some of them.’ 

The following, extracted from ‘A Practical Handbook on I> 3 ’eing and CSalico* 


* The emin^ varies In slae in different parts of the country ; at Entraignos (torat M pa luds) It 
contains 7 are* 85 centiaros, at Avignon 8 ares 54 ccutiareji. and at Orange 6 area 84 omtians* 

• Tlub (juatitity is suiuewhut above the avenige. According to Hr. Pernod, an eminent garanolne 
manufauttirt'r at Avignon, ft ares 84 oentiares (Avignon emiu6c) yield 800 kiiogramiMS of fresh 
tnadileir roots, equal to ‘iUO kilograranies of dry roots ; one are or 100 square mttres equals 0*0347 of 
an KnglisU acre ; fi‘84 x e= U'l44’.ir48 aynw, and '-*00 -r- *144248 as 1388*6 kilos, whtoh x 3*3n 
3,uftit iUi., or '27 cwts. 0**2tJ dry rix»ts i^er acre. This is for 18 months old. roots. The qii&nti^ 
produced of so months oW roots is oue-thinl inon', or an increased weight of one-third bj keeping the 
<oot« auoUug year in the groQiwl, ^ving on above data 86 owts. 1 qr. 6 lbe.lor OOaoBtbi pooti* 
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Brintiiig. by William Grookaa, F.R.S., contains some insfcructire matter connected 
with tha api^leatioii of mordants in the use of madder: — 

* Alnmi na t s of soda is largely made and used in France, since the discorory of the 
sattensiTo d^KMnts of bauxite in the southern parts of tliat country. It is obtained l>y 
roasting; in a rererberatory furnace, a mixture of soda-ash and bauxite, until a small 
aasB]^ taken from the fritted mass ceases to effervesce witli acids. When the oj»era- 
tion is finithed, the almninate of soda is extracted by lixiviation with boiling water, 
and the solution evaporated to dryness. It is a coarse powder, exhibiting a sliglitly 
grsonmh eoloor, due to a trace of vanadium. It is infusible at tlie highest furnace- 
heat, and readily soluble in hot and cold water. Dilute solutions (sp. gr. I*()r2 to 
1*089 «K 14 and 17®Tw.) remain limpid and clear for a long time, but stronger solutions 
(sp. gr. 1*8 to 1*37 *'62° to 71 Tw.) dejx)sit granular alumina, while the snpernatfint 
liquor contains a subaluminate and excess of caustic soda. This aluminato of soda 
agrees in its properties with the corresponding potassa-salt. See Alumikatk of 
Soda; Bauxite. 

*Since bauxite is a very pure native hydrate of alumina, the aluminatc of soda pre- 
pared with it is used for the production of acetate of alumina in the following 
manner: — The aluminato of soda is precipitated lythe addition of a very slight excess 
of hydrochloric acid; the gelatinous alumina thus obtained is thoroughly washed with 
boiling water, and next dissolved in acetic acid. The percentage comf>osition of the 
pure aluminate of soda is 47'21 soda and 52*79 alumina ; tlic commercial product, as 
met with in the French market, is contaminat'd with about 9 per cent, of impurities, 
due to the presence of sulphate of sotia, and chloride of soditmi in the sf)da-ash. 

‘As regards the methods of fixing alumina upon woven fabrics, it must be in a 
perfect state <rf solution, while it is also neecssan* that the hydrate of alumina should 
be precipitated, in the best }X)ssible physical condition, within the fibre of the fabrics. 
W. Crum found that tlie microscopic examination of fibres mordanted with acebite of 
alumina and dyed, presented differences : inasmuch ns, in the first instance, the coloured 
lake, or combination of alumina and colouring-matter, was cliiefly accumuhited within 
the central canal of the fil>rc ; in the second case, however, the periphery of the fibre 
only was coloured. 

'Alumina can be obtained in solution : (1) in the state of a saline solution of that 
base; (2) as a l>asic salt ; (3) as a .solubK; modification of tlu? earth itself; (1) in 
combination with alkali. Some of the salts of alumina can be brouglit into contact 
with the cotton fibre without any dec(»mj>osition wli at. •soever ensuing, so tliat a simjde 
washing in cold water eliminates all the alumina Uiken up. I'his happens, r.//., with 
nitrate and sulphate of alumina and witli alum. Wlu nevcr it may be desirable to 
apply such salts for the purpose of mordanting cloth it is necessary (u pass the cloth, 
after it has been impregnated with the aluminous solution, tlirougli a bath cuntiining 
anbatances capable of j^recipitating within the fibres either hydr.iU) of alumina, or at 
least an insoluble basic salt of that base. Some of tlie s ills of alumina are decom- 
poeed by moist heat (steam), thereby giving up to the fibre.s of the cloth the mIioIc or 
a portion of the alumina on becoming converted into a basic salt. The acid set free 
is volatilised, or leaves the tissue. The chloride, acetate, and liy}Mibulphile of alumin.i 
are salts of this description. These salts become fixed by exposing the satur.ite<l 
tissaos to a warm and moist atmosphere. This r»sult is not simply a dissociation of 
the constituent elements of tlie salt, but the intervention of tlie water is absolutely 
required for the formation of the hydraU^ of alumina, "Jdie a( lion is. therefore, to be 
oonsiderod as a saponification, iu tlic more extended sense of this won], us understood 
by chamists. 

*lt ti hero the proper place to give a few particulars concerning tla* process just 
amntiofied, and known as “ageing.” The morcbinis generally u.stni for madder styles 
axe the pyitdignites, or acetates of iron and alumina, which, under the infiueuce nf 
a^ng — ^iraich we are about to describe — arc decoin]K>s(Ki as to leave on the cloth 
euhsir an insoluble oxide or a subaalt, which becomes the intermodiaU? agent for fixing 
on the filhrie the colouring-matters of nnulder. The fixing of mordants by ageing 
was fiist practically carried out by 3Ir. W. Crum, an eminent and highly scientific 
aalieo-printer. ** On tiie proper ageing of printed gtsjds,” says Dr. Scdiunck,* “ dept nds 
in a great msssore the success of many styles. Sliould a room be too liot or too drv, 
impcfffeet fixation of the colour ensues, and meagre and uneven tints are obbiined in 
Hit fubs^uent operations.’* To give some idea of the im]X)riance of this step in 
ealioo-TOhmng, w» may here state that “ ageing rooms,” as tliey are calitil, are iu 
tSfuruprint-worlDi of enormous dimensions, and generally constitute u separate t>uild- 
Im. Those Ifessra. Edmund Potter and Co., and M(*K.srs. T IIogK and tSons, all 
it y near Hanchester, majr be particularised as forming quite a fwituru in their 
jUgjW r The ptooesi of ageing in calioo-Drintii^ is tliat by which a mordant, after 
Mill i|flM to a csitoii inlak, is plaoea in circumstances favourable to iu being 
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pompletoly inoorjwnitcd with and fixed in the fibre. It has generally been found 
desirable that calico printed with a mordant should, before dyeing, be exposed to the 
atmosphere for some time in the ageing room, in single folds, which gen^lly speak- 
ing, requires several days, the object being to liberate the acetic acid from the acetates 
of iron or subacetates of alumina, and to oxidise the protoxide of iron. It was for 
many years believed that oxygen was the only necessary agent; and although some 
printers hnd observed that moisture facilitated tJie process, this fact was not generally 
known until Mr. J. Thom of Manchester claimed the introduction of moisture as an 
important agent in tlio process of ageing, in a patent which he took out in 1849. Mr. 
W. Cnim was, however, the first printer who applied this principle practically. He 
dc8cril>es the process as adopted at Thornliebank (near Glasgow), in the following 
words : — A building is employed, 48 feet long inside and 40 feet high, with a mid- 
wall from bottom to top, running lengthwise, so as to form two apartments, each 11 
feet wide: in one of these apartments the goods first receive the moisture they require, 
licsides the ground floor, it has two open sparred flwrs, 26 feet apart, upon each of 
w’hich is fixed a row of tin rollers, all long enough to contain two pieces of cloth in 
their breadth. The rollers beii:g threaded, are set in motion by a small steam engine, 
and the goods to bo aged, which arc at first placed in the ground floor, are drawn into 
th(^ chnml)or above, where they are made to pass over and under each roller, issuing 
at last at the opposite end, where they are folded into bundles on one of the three 
stages which are placed there. These stages arts partially separated from the rest of 
the cliamlxT l>y woollen cloths. While the goods are traversing these rollers they are 
exp<»scd to heat and moisture, furnished to them l)y steam, which is made to issue 
gently from thr(‘e rows of trumpet-mouthed-shaped openings. The temperature is 
raised from 80"* to 100° F. or more, a wet-bulb thermometer indicating at the same 
time 76° to 96° F.. or always 4° less than the dry-bulb thermometer. In this arrange- 
ment 50 pieces of 25 yards each are exposed at one time ; and, as each piece is a 
quarter of an hour under the influence of steam. 200 pieces pass through in an hour. 
Altliough w'orkpcoplo need scarcely ever enter the warmest part of this chamber, a 
Ventilator in the roof is opened when there is any eonsiderablo evolution of acetic 
m‘iil. The mordant does not, nowoA'er, boeomo fully aged by this process alone, 
although it is acted u|X)n as much a.K if it had hung a whole day in cold air. It has 
reocivt'd, however, the nxiuisito quantity of moisture, about 7 percent, of the weight 
of the ]uece, ami is thus enabled, if the mordant be iron, to take oxygen from the air, 
ami to become changed with time into the se.squiacetato and sesquihydrate of oxide of 
iron. In onler to be sufficiently aged, it must be left one, or two, or even three, days 
ill an atmosphere still w;irm and moist. 

‘It had been aseertiinwl long before, at Thornliebank, that exposure in single folds, 
after moistening, was n()t necessary. The I'xperinients of the late Prof. T. Graham, 
on the diffusion of ga.ses through small apertures, had served to suggest that, for the 
abwjrption of the small quantity of oxygen required, the goods might as well l)e 
wrapjHjd up ami laid in heaps. Accordingly, in tlio operation in question, the 
inoihtciied goovis are carried in bundles into the buihliug on the opix»site side of the 
mid-wall already mcntioiied. and laid upon the sparred floors, placed at heights cor- 
r» spending witii the stages in the first ai»{irtment. Fpon these floors. 7,000 or 8,000 
jMeecs may be laid at a time, and, since each piece is *J5 yanls long, 100 miles can be 
stored at once. It is ni'cessarv, of course, that an elevated temperature and a corre- 
sjKinding degree of moisture be presen'ed in the storing apartments, day and night, 
iind 80° F. is sufficient with the wet-bulb thermometer at 76°. To effect this condition, 
a large iron pipe is placed along the ground floor underneath, and moderately heated 
by steam, while a row of small jets in the same jxisition are made to project steam 
directly into the air of the r(K>m. The whole buiUIing is protected from external cold, 
and consequently from condensation of steam, by a warmed entrance-rwun, and ly 
double wiml«>ws, thick walls and a double rmif. Small steam-pijx-'s are also placed at 
other jxiints, where they seem be required ; and the apirtmeiit w'hich contains tlie 
rollers is sjHjciaily heated when not in u.se by a couplo of steam-pipes, which are placed 
uiui(,T the ceiling of the ground floor.’ 

All who are interestwl in the application of mold ants, and who are desirous of 
undorstimling the prineiple.s uptju M'hich tlie applications are made, are referred to 
the ‘ Handbook of Dyeing,’ already quoted. 

BIABraB lUkMM, Tile red pigment usually called madder lake, which is mt^h 
used by painters, is made by treating mad»ler, M^hieh has lieen previously washed with 
water, with a iKiiliug solution of alum, filtering tlio i*ed liquid, and ad^ng a small 
quantity of carlxuinte of .“oda, taking earo to leave an exces.s of alumina in solntioiif 
washing the red preeipiUite, which is a compound of colouring-matter and alumina, 
with water and drying. Persoz gives the following metliod for obtaining a madder 
lake of grout brilliancy One port of madder, which has been pcawma^ mb- 
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uittad to fameiitatioii or else washed with a solution of 6u1i>hate of soda, is treated 
with ten times its weight a boiling solution of alum, containing one part of alum, 
for fifteen or twenty minutes. The filtered liquid is mixed, as soon as its tempera- 
ture hae follen to about 100® F., with a solution of carbonate of soda contJiining one- 
eighth or one-tenth of the weight of the alum employed. This quantity is insuf- 
ficient to cause any precipitate at that temperature, but on l)oiling the liquid, the lake 
shape of a red powder. The madder must bo treated several times 
with boiling alum-liquor, in order to extract the whole of the colouring-matter soluble 
in that menstruum. It is evident that these lakes contain chiefly purpurine and very 
little aliarine, Uie latter being hardly soluble in alum-liquor. I^e LiJtE. 


Imports of Madder, 


Usdder . • . i 

„ Root . 
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) 
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376,016 
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£ 
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271,931 

803 

286,926 


BEAOAAltJL MID. A name applied to naphthaline re4. 

BKAOJUfTA. A full description of this and analogous colours will be found under 
Axiukb Red. We extract the followingfrom Mr. Crookes's ‘ Handbook of Dyeing and 
Calico-Printing * : — 

‘The simplest method of t( sting a commercial sample of magenta both for inUmsity 
and for purity of tone, is to dissolve a known weight in boiling water and to dye with 
the strained decoction a knowm weight of fine white woollen yam or cloth. By thus 
comparing different samples, their respective tinctorial power can be readily ascer- 
tained, and the presence of tarry matters, unconverted aniline, &c., may be detected 
by the flatness and brownish ca.st of the colour. Sugar is sometimes used as an adul- 
terant This may be detected by treating the sample with concentrated alcohol. The 
magenta dissolves and is filtered off, whilst the sugar remains behind unclissolved. 

* The following method is used to ascertain whether a magenta is a pure salt of 
rosaniline, or is contaminated with mauvanilino. violaniiine. chrysotoluidine. &c. The 
colour is dissolved in as little alcohol as possilde, the solution diluietl wdth its own 
bulk of water or rather more, and u drop is taken up by me<iDs of a ghiss rod, and 
applied to a piece of white blot ting-jia per. If more than one colouring-niatUrr is 
present, the different shades will diffuse ihfm8< Ives in concentric ^ircle^, and may 1>« 
distinctly seen. This method is still more a])plicable to the aniline violets and blues, 
which are frequently het-erogeneous. 

* Aniline Crimson . — The cnide magcnt<i-cakc, without any purification, is sold under 
this name, and is used in dyeing certain maroons, brow iis, clarets, and other com|>ound 

colours. 

•The colour well bruised or broken up into powder, is placed in a suitable stonewaro 
ressel and well stirred up with its own weight of hydrochloric acid. During this 
nmess the fumes given off should be carefully avoided. After the colour has steeped 
for a short time in the acid, boiling water is added sufficient to dissolve tlm whole. 
The solution thus obtain€»d is carefully strained, and is then ready for use. To correct 
the acidity of the colour, a small quantity of ammonia is added to the dve-bath. This 
prepmtioQ wiU in many cases supersede peachwood, producing brighlttr sluvdes, with 
less tnmble, and at a lower price. They are, however, more fugitive. I'pon wool 
and sUik, aniline crimson, like magenta, is a substantive colour. Upon vegetable 
flbres it requires to be fixed with a mordant — generally a per-salt of tin — and an 
astringmiL’ 

MAHSD* A vehicle used by artists, of a gelatinous character. Much secresy 
pmatls as to the manufacture of megilp. It appeiirs to be essentially iir.seed-uil 
which has been exposed for scfme time to the oxidising influences of the air, mixed 
with good mastic varnish. 

IfttfoUDMIl it an old chemical term to designate white pulverulent sul^stances, 
igpmtaneoudy precipitated in making certain metallic solutions; as magisiery of 
bwmnth. 

in the language of the Spanish smelters of Mexico and South 
hm a r ica, is the roasted and pulverised coppOT pyrites, which is added t^. llie ground 
«iis id ttlvcv in thM <0r<e» otr amalgaaiation-inagma in the paXio process for the 
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purpose of decomposing the hom-silvcp (chloride of silver) present. For an account 
of t his process of reduction, see Silveb. 

MAGMA is the generic name of any crude mixture of mineral or organic matters 
in a thin pasty state. 

MAOXTAirZBA is the name given in the southern departments of France to the 
proprietor of a nursery in vrliich silkworms are reared upon the great scale, or to the 
manager of the establishment. The word is derived from magnamy which signifies 
silkworms in the language of the country people. See SiiX. 

MAGirzSBZA {Magnhie^ Fr. ; Bittercrde, Talkerde, Ger.) is one of the earths, 
first proved by Sir II. i)avy to be the oxide of a metal, which ho called onagnesium. 
It is a fine, light, white powder, without fcisto or smell, which requires 6,150 parts 
of cold M’-atcr, and no loss than 36,000 parts of boiling water, for its solution. Its 
specific gravity is 2-3. It is fusible only by the heat of the hydroxygen blowpipe. 
A natural hydrate exists which contains 30 per cent, of water. Magnesia changes 
tlie purple infusion of red CJibbago to a bright green. It attracts carbonic acid from the 
air, but much more slowly than quicklime. It consists of 61*2 1 parts of metallic basis and 
38*79 of oxygen ; and lias, therefore, 20 for its t'quivalenfc upon the hydrogen scale. 
Its only employment in the arts is for the purification of fine oil, in the preparation of 
varnish. 

Magnesia, popularly known as Calcined Magnesia, may bo obtained by precipitation 
with potash or soda from its sulphate, commonly called Epsom salt ; but it is usually 
procured by calcining the artificial or natural carbonate. There is a lieavy calcined 
magnesia prepared by burning the dense carbonate. Mr. Lockyorlias shown, how'ever, 
that a very dense and pure magnesia could bo obfciined ly calcining the ordinary 
pure carlioimte in largo masses, and at a very liigh temperature. 

MAOVB8ZA, CABBOVATS OF ; properly .speaking, a subcarbonato, con- 
sisting of 44*09 magnesia, 35*80 carbonic acid, and 19*45 water. It is prepared by 
adding to tlio solution of.tlio sulphate, or Uk; chloride (the hittern of sea-salt evapora- 
tion wrks), a snUition of carbonate of soda, or of carbonate of ammonia distilled from 
bones in iron cylinders. Mr. Hugh Loo Pattiuson introduced the manufacture of car- 
b<)riat<i of magnesia from the dolomite rocks, availing himself of the diiferent rates of 
M (lability of the carl'onates of lime and magnesia in w’a ter .sit umted with carbonic 
aeid. (See Poi.oMiTE.) d’ho subearboiiate, or magnesia alba of the apothecary, has 
been |>ruposod by Mr. E. Davy to be added by the baker to damaged flour, to counter- 
act it.s aceseeriev. 

MAOBBsiA, STATZVB BTBBATB OF, or Brucite. Tiiis minertil con.sists 
of magnesia, 08 97, water, 31 03, according to analyses by Bruce. It accompanies 
other magnesian minerals iii ser|)entino at .Swinane.ss in Unst, one of the Shetland 
Isles, in the Ural MounUins, in bVanee, and opposite to New York. 

MAGinBSZA, 8ZUCATBS OF. Conipouiids of this character are abundant 
in the mineral kingdom. Meerschaum, French Clialk or Steatite, Talc, Serpentine, 
and many other minerals are silicates of magnesia. (See these, articles.) 

MAOITBSZA, SIJXPBATB OF, { t'.psoni Salts.) is generally made by acting 
upon magnesian limestone witli somewhat (iilute sulphuric acid. The sulphate of lime 
jirtvij'itates, while the sulpliaUi t>f magnesia remains in .solution, and may be made to 
epystallise in quadrangular prism.s, by t;uilable evaporation and slow cotding. AVhere 
muriatic aeid may be had in profusion for the trouble of collecting it, as in the soda- 
works in wdiich se^i-salt is decomposed by sulphuric acid, the magnesian limestone 
slioubl be first acted upon with as much of the former acid as will dissolve out the lime, 
and tlien, the residuum being treated with the latter acid, ^viU afford a sulphate at the 
eh* a}test possible rate ; from which magne.sia and all it.s other propiirations may be 
readily made. Or, if tlie equivalent quantity of calcined magnesian limestone be boiled 
for some time in bittern, the lime of the former will displace the magnesia from the 
muriatic aeid of tlie latter. This is the most economical process for manufacturing 
magne.sia. See Douimitk. 

MAOXBBZAW BZMBSTOITB. See Dolomite ; Limestone. 

MAGITBSITB. Carhanate of Magnesia ; Rhomb Spar ^ This native carbonate ol 
imiguesiu, consisting of magnesia 47'6, carbonic acid 52*4, is found with serpentina 
and other magnesian rocks. 

MAGWBSZUM. The metal obtained from magnesia. It was first procured by 
Bussy, although previously shown to exist by Davy. It is now made by placing 
jx>ta.ssium or swdium in a platinum crucible, covering them with chloride cu mag* 
lichium, fastening down tlie cover of the crucible, and exposing it to the heat of a 
spirit-lamp. It has been prepared by Bunsen by the action of the voltaic current ; 
and the lute Dr. Matthiessen obtained it by the electrolysis of fused chloride of mag* 
nesium. 

We are mmfli indebted to M. Sonstadt for removing the obstacles in the way of 
VoL. III. N 



MAGNESIUM 




•litaimitf magneidiun on the large scale for commercial purposes. The process pur- 
ified by Soxiitadt is that of Deville and Caron, somewhat, modified. Magnesium may, 
hewoTer, be obtained in much larger quantity, by heating a mixture of 600 grains 
of chloride of magnesium, 100 grains of fused chloride of sodium, and 100 grains of 
pnlTerised fluoride of calcium, with 100 grains of sodium, to bright redness, in a 
eovered earthen crucible. The magnesium is thereby obtained in globules, which 
are afterwards heated nearly to whiteness in a boat of compact charcoal placed within 
an indiited tube of the same material, through which a stream of dry hydrogen is 
p in ed. ^ The magnesium then volatilises and condenses in the upper part of the tul)e. 
liuBtljt it is re-meltod with a flux composed of chloride of magnesium, chloride of 
lodrom, and flnoride of calcium, and is thus obtained in large globules. Jt still, how- 
inr, usually retains portions of carbon, silicium, and nitrogen, from which it may bo 
purified by careful distillation in a current of hydrogen. 

Magnesium is an easily inflammable metal ; a wire of considerable t hickness can bo 
ignited in the flame of a candle, and the light evolved by the combustion is of great 
intensity. It has been ascert^iiued that a wire of 0*297 millimeter diameter wdll 
give as much light as 74 stcarinc candles of five to the pound. Tlie powerfully 
actinic character of the light has 1»een demonstrated by Mr. brothers, of Manclie.'^ter, 
and Mr. Sydney" Smith, both of whom liavc produced good }»ictures by its use. 

The metal is neither ductile nor veiy- malleable. It cannot be drawn, but, by 
employing a method devised l>y Dr. MattJiiessen, it can be forced in a softened .‘<taU* 
through a small opening in an iron cylinder, and thus slrajids of Mire of coiisiiler- 
able length can be formed. The wire has l>cen foiiiul to luirii niore steadily when 
three or four strands are twisted into a rope; aiul a simjde clockwork arningement 
will deliver such a roj>c to a spirit- or oil-lamp, in the fiame of Mhich it may be 
burned. 


AUoys of Magnesium. ~Viv. T. L. Phip.son 1ms paid some altoiition to these. In 
a commuuieation to the Chemietd Society, he s:iys : - 

‘ I have examined only a few alio v.s of nmgne.Mum. Unlike zinc, m.agm sinm will 
not unite with mercury at the ordinary iem}>erature of ilie air. AViih tin 85 jwirts, 
and magnesium 15 parts. I firmed u very curious alloy of a beauliliil lavender eo](uir, 
very hard and brittle, easily pulvcriseil, and di-composing water with considerabbi 
rapidity at ordinaiy tempo rat urcfs. If the air has aee<‘NS during the formation oi‘ this 
alloy the mixture takes fire ; and if the crucible be then suddenly witlniratni from 
the lamp the flame di.sappear.s, but a vivid p)i()Spln>:v>cence oimus, and the unfused 
mass remains highly luminous for u considerable time*. A while jowdory mas--, 
containing stannic acid and magnesia, is the result. (With platinum, aceokling to 
M. Sonstadt, magnesium forms a fusible alloy; so that jilatinum erueibles can be 
easily perforated by heating magnesium in them.^ Sodium and j»<)ias.siuni nniie with 
magnesium and form very mallojilde alloys, which deconjp.).sf water ,-jt tlie ordinarv 
temperature. It is probable that an alloy of eepp.-r and m.-igtiesinta. ul.ii-h I have 
not yet obtained, would diflTer from brass, not (-nly in lightness, but by decoru}H)siiig 
water at the usual temperature uith more or Jc.-s rapidiiy.’ 

Photochemical Power of the, Ma(jne,siin,i Fui/ue.- 'J’o Tr fes.sors liunsen and Ib.sccK* 
we are especially indebted for an examination of tliis (juestion. Thiir ex}K rimenis 
showed that a burning-surface of m{igne.siuiii-wire wiiieh, seen frinu u jviint at the 
sea’s level, has an appfirent magnitude ecjual to that of the sun, effects cm that jK.int 
the same chemical action as the sun would do when sliining from a eloudlless skv at 
aheigl^of 9® 68' above the horizon. On comparing the chemical -with the visibh* 
brightness of these two sources of light, it was found that the brightness of tlu* sun’s 
disc, as measured by the eye when the sun’s zenith distance was C7^ 22*, is 524 7 
times as great as that of the burning magnesium -wire ; whilst, at the same zenitli 
distanoe, the chemical brightness of Uio sun is only 3G 6 times as grerit. Hi iu*e the 
frnliM at this light as a source of the chemical ly-active rays for pliotograjihic jiuri»obes 
becomes apparent- 

I’rofessors Bnosea and Hoscoe say in their memoir : ‘ The steady and equable light 
csolTsd by magnesitim-wire burning in the air, and the immense eiiemical aetTon 
thus produced* render this source of light valualde us a simpler mwtt.s of obtaining a 
gven amouiit of illumination expressed in our limns of moasurement ol liLdii. 

The eombnstiofi of magnesium constitutes so definite ami simple a source of light 
lor the purpose of photochemical measurement that the wide distrilmtion of this 
metal beooinss destrabla Tlie application of this metal as a source of light mav 
area become of technical importance. A buniing magnesium-wire of the tliickness 
of 0*297 mtlltmeter cvoItos, according to a measurement we haw made, as much 
light Si serenty-lbar stcarine candies, of wliicJi five go to a jxiund. If this light 
listed one minute, 0*987 meter of wire, weighing 0 1 204 gmin, w /uld be burnt. Ir 
Irfer to produce a light equal to sereniy four caudles burning idr ten hour^ 
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whereby aboiih 20 lbs. of stearine is consumed, 72*2 grains of magnesium would 
bo roqiiirod. Tlw magnesium- wire can be easily prepared by forcing out the metal 
from a heated steel press, having a fine opening at bottom ; this wire might be 
rolled up in coils on a spindle, which would be made to revolve by clockwork, and 
thus tlio end of the wire, guided by passing through a groove, or between rollers, 
could bo continually pushed forward into a gas- or spirit-lamp flame, in which it 
would burn.’ 

In the ri'ports of Mr. Brothers’ experiments upon the magnesium-light, he says, 

* The result of an experiment I have just tried is, that in flfty seconds, with the 
magnosium-light, I have obbiinod a good negative copy of an engraving, the copy 
being made in a darkened room. Another copy was made in the usual way by day- 
light, and in fifty seconds the result was about equal to the negative taken by the 
artificial liglit. The sun was shining, but there was a good deal of fog in the atmo- 
spliore.’ 

Magncdum-Lajnps have been invented and manufactured by P, W. Hart, London, 
for pliotochcinical and other purposes. This invention includes the use of springs 
and wheels for self-acting propulsion and revolving of the ignited magnesium at the 
.same time, thereby avoiding a drooping light, wdiich for optical illumination is a 
great (lesiderarum. These lamps are only made to order, as their mechanism is con- 
sidered unnecessary for ordinary purposes, the action of the simplified lamp being as 
follows : — 

Hitnd-Lamj), for ribbon or one or more wires — if more than one wire, they should 
be twisted firmly together. Place the 
end irj the clip on the inside of the 
flange of the reel k{Jrg. 1422); ap- 
ply a slight pressure to the reel l)y 
turning the tension-screw t; then 
wind the magnesium on by turning 
th** flange with the finger and 
thumb; in the more highly-finished 
lamps the winch, in screws on the 
►} imllo of A for winding on quantities 
very regular. The hxiso end is then 
pa.sseil through the guide and feed- 
ing-rollers at F, Sufficient tension 
liaving been applied by the screw- 
lu'iul, T, the wire nnnains wi:!i- 
out une<hling. For use, rohase the 
tension, and turn the winch, it, 
towards the reel, A. In the self- 
acting projadling-himps above men- 
tioned, a governor requires pt•^^onal 
adjustment to the rate of ljuming — 
in the simplified hand-lamns rho 
wineh, it, is moved at the desired 
mle, which saves a consiiierable (>x- 
peiise for common piirjxisos. The wire should bo ignited in the smokeless part of a 
flame, and u spirit-hi/np is recommended. See Watts’s ‘ Dictioiu\ry of Chemistry.’ 

MAOVBT. A bar (if *^teel, which, being imbued with a peculiar condition of 
tlocLrical force, is |iossesst‘d of iH)larity. The magnet has a special employment in 
the mariners ctanpass, as from the undeviating way in which — unless strong dis- 
turl’ing eauses are in (jperatioii it points north and south. The magnet is used also 
in surveying-instruments. The use of iron in ship-building has led to a very careful 
examination of the influence of iron on the ship’s compasses. The late Dr. Scoresby, 
I’rofcHsor Airy, and some others, have boon peculiarly distinguished in this important 
inquiry, and to their memoirs on the subject the reader is referred. Magnetic 
nMchiutj.s liave been constructed fur developing electricity, and employed for the de- 
position of metals. See ELKCTUO-MKTALLCBGy. 

MLA.OVBTXO FYmiTaUI. One of the native sulphides of iron. Its chemical 
composition is usually sulphur 40*15, iron 59’85. Its power of attracting the ma^ 
netic needle is probably due to the peculiar coudition in whicjii the iron ezista. It 
is distinguished from the common pyrites {Mundic) by its inferior hardnsM and ita 
bronze colour. See pYniTKS. 

KACinTXBM. A peculiar coudition of electrical force. The phonmimna of 
magnetism which arc rendered in any way available in the arts are dotaildd in 
special articles ; as fiuecTKO-TKiJsuitAPHy, &c. &c. All bodies moat now be ua- 
gaided as exiating in one of two known conditions of magnetism. It ia nndantood 
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that magBotiam is nanifestad as a pdar force, as in a bar of iron. Every one is 
fsmiliar with the fact that a polarised bar, if free to move, places itself in a cer- 
tain directioii, which we call north and south. Besides iron, nickel and two or throe 
other metals possess this property. Bismuth, silver, glass, wood, and nearly all 
other subetanoes exhibit magnetic force of a different order, which is manifested in 
all these bodies by their placing themselves at right-angles to a magnet, or to the 
line of magnetie force. This condition has received the name of Dia-Maonetism, 
whkik MS. 

Ox^'dulatod iron, or magnetic iron ore. One of the richest and 
most important ores of iron. See Iron. 

MAOT, JTATZVS, Sec Loadstone and Iron. 

**^**^T-**- The fruit of this shrub affords a violet dj’c, as well as a fermontod 
liquor like Kirschwasser, It is a species of cherry, cultivated in f)ur gardens. 

MAKOOAJTT. The wood of a tree {Stvietenia Mahagoni), which is a native 
of the West Indies. This wood appears to have been first brought to England in 

1724. 

Spanish mahogany is imported from Cuba, St. Domingo, the Spanish Main, and 
several of the West India Islands, in logs about 2G inches square, and 10 feet long. 
Its general character is well known from its extensive use in cabinet-work. 

Honduras mahogany is generallj' lighter than the Spanish, and more open and 
irregular in its grain. This is imported in largo logs, m.^ny of feet square and 18 
feet in length. Planks are sometimes obtained of 7 feet in W’itltli. According to Mr. 
Chief- Justice Temple, ‘the cutting coinmonees in the month of August. In April or 
May, in which months the ground has become perbK'lly hard from the continued dry 
weather, the wood is carried upon trucks drawn by I'ullocks to tlio water side ; and 
about the middle of June, when the rivers are swollen by the florkls. the log*; are 
floated down about 10 miles from the mouths of the <liffcrent rivers, where they are 
confined by a lieavj’ boom drawn across the streano 11 ere tlu* owners S( leet their rt*- 
speotive logs, form them into rafts, and so float them down to the sea. The xnahoirany 
is always trucked in the middle of the night, the cattle not being aide to ju rfonn 
Buch laborious wqrk during the lu^at of the day. It is si pietun sque and striking 
Bcene — this midnight trucking. Tlie lowing of the oxen, the creaking of the wliei ls, 
the shrill cries of the men, the resounding erack of thedr whips, and the reni glare of 
their pine torches in the midst of the dense dark forest, prtKiuce an eflect aj-proaching 
to sublimity. 

* An impression has latterly existed that almost all the mahogany in British IIoxi* 
duras has been cut. This, however, is a mistiike. Tlu re Is suffii iont wmksI in ilui 
country, both on granted and ungranted land, to su})ply the Eunipeau us well us the 
American markets for many years to come. A considerable quantity of mahogany has 
been, within tlie last few years, cut in the state of llondur.is and on the Mosquito 
shore; but the mahogany -works in the former country liavo l>een almost ciii.niy 
abandoned, partly on account of the wood, whi<-h is aeivssil.le, l.tdng m;irly .di eut, 
and partly on account of the extra freight and ii.surane*- which an' requin d wlnei 
veBsels are loaded on that coast. Prom ilte Mosquito shore very f« w eargoi-s have 
been lately sent, for the wood which grows then, althougli it is vt ry largr. ].s uf 
inferior quality. The mahogany-tree requires a rich dry soil. TJa> best mahoga; y is 
found to the north of the river of Belize. In conse-,uenet of tlu* nature of i)jc .soil in 
that district, in which there is a great quantity of liinebtt.ae. tlie mahog;u:y is longo r 
eomiogto maturity, but. when fully grown, it is of a lairder and firmer tt xiurc than 
that which is found in the southern |>ortiori of the setth meni. Then- is no woo 1 
more dumble than mahogany, and none that is so generally u.seful. It is su-iied in a 
little book called the Mahogany-Tree” that furniture is being made, in the roy:il 
doekyaids, out of the beautifiU mahogany found in breaking uj* the old liiu-of-l>jittlo 
ship the Gibraltar^ which was built in Havana 100 yiuirs ago. The Lngli.-^h and 
FWnch GorammenU purchase yearly a laigo amount of mahogany for their dockyards. 
Dnriqgtha last year the British Government required 12,000 tons, ]>aying 10/. 17 a. (^d. 
per ton. The Frsneh government took 3,000 tons at the sumo })rice. 'I'he royal 
yacht it built principally of Honduras mahogany. Private ship-builders are, liowever. 
reluctant to make vm of mahogany for tbeir vessels, as Lloyd’s Committee exclude all 
ships of 12 yaars* standing in which the floors, futtocks, tojvtimber, keelson, stem and 
steiD-post, transoms, knig^theads, hawse-liml^rs, apron, and dead wcKid, are made of 
tnaho^ny. 

'Maho^y vassals of 10 years' standing they admit, but even these. I am informed, 
% is thair intention vwy shortly to exclude. The reason which they assign is, that 
wslw ^ gsny diifars rtarj much in quality, and it is impossible to know when a ship is 
hj^ of good or had wood. But this difference in quality depends entirely upon the 
oMdst in which it has grown. If they restricted the ship-builders to the northern 
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wood, they might admit vessels of 12 years’ standing without any risk. In the yeai? 
1846 the Honduras merchants presented a memorial to Lloyd’s Committee, praying 
for a removal of the existing limitations to the general use of mahogany in the build- 
ing of vessels of the highest class. Atbiched to this memorial were numerous cer- 
ti&atos from persons well qualified to give an opinion on the subject, speaking in the 
highest terms of mahogany for ship-building. Captain E. Chappel, R.N., Secretary of 
the Royal Mail Steam Packet Company, says he “has seen the CH.braltaT^ 80-gun ship, 
which was broken up at Pembroke. This ship is entirely of mahogany ; captured of 
the Spaniards in 1780 ; aU her timbers sound as when put into mt. Tables for the 
Navy made of the timbers of the Gibraltar, The steamer Forth, built by Mr.Menzies 
of Leith, has as much mahogany put into her as could be obtained. ^ The use of ma- 
hogany ought to be the nde, and not the exception.” The qualities of mahogany, 
which render it peculiarly fitted for ship-building, are its lightness and buoyancy, its 
freedom from dry-rot, and its non-liability to shrink or warp. The price of mahogany 
varies according to the size, figure, and quality of the wood. One tree from the 
northern districts, which was cut into three logs, sold for 1,800/., or 105. per super- 
ficial foot of 1 inch ; southern wood of small size and inferior quality has been sold at 
Hirf. per foot. The present prices in London for small-sizod plain mahogany are from 
bd. to 6d. per foot ; for largo-sized plain, from 7d. to 10c?. ; and for large, of good 
quality and figured, from 9c?. to l5. bd, 

‘ The ye.'irly average quantity of mahogany exported from Honduras during the 
last ton years is about 8.000,000 feet, equal to 20,000 tons, or 200,000 tons in the 
whole ten years, requiring 160,000 trees.’ 

Afuican mahogany (Swietenia senegalcnsis), itom. Gambia, has been used of late 
years for curriers’ tables, mangles, &c., and may be used for turning. It is denied 
by some authors to be a Swietenia ; but, if not so, it is a very closely-allied 
genus. 

There are two or three varieties of the Swietenia in the East Indies which are 
ornamenbil woods, but not mahogany. 

The importance of this wood will bo seen from the following statement of the 
Laports of mahogany in 1868-70, and 1872; — 
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MAZU. A genus of monocotyle'louous plants belonging to the natural order 
Gramitiece — the gr.i.ssos. There are only two species known, and these both belong to 
America. The Zita mays is the Indian corn or common maize ; and the Z^a caragw, 
the Cliilian maize or Valpjiniiso corn. Roth these varieties are largely cultivated as 
articles of food. „ , 

BtAYOUCA, known also as Faenza ami Riiffaelle ware. A term for soft enamelled 
pottery, first intr<xiuced into Italy from Majore.a about the twelfth century, and whicli 
was t he work of the Moors. ^ ^ £ a 

Tile distingui-shing points of the so-called majolica are coarseness of ware, and an 
opaque white enamel containing biuoxide of tin, and decorated in colours. A laim 
ebtss awiribetl, although possibly on insufficient grounds, to Valentia, is cnaiycaenya 
by elaborate conformity of pattern, flushed with metallic lustre, on a grayiiui-'Vluto 

Of the positively Italian wares, though they wore so greatly in r^n^ thatmott 0* 
the cities of the Romagna instituted manufactories of them, but little ean be tWfT* 
tainod prior to the sixteenth century. ... , . 

The towns most celebmted after a.u. 1500 for their artistic ptodnetioni are PeMlOt 
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Gnbio, Aieanio, Bologna, Citacastellana, Forrara, Forli, Fynlina, Pisa, Perugia, 
Bimini, Sienna, and Spello ; and the first is considered the earliest site of a manu- 
faetorj in Italy, notwithstanding the attempts of the ingenious Eugene Piot in 
fieiTonr of Beruta. So early as 1509 Guidobolato della liovere, diike of Urbino, 
granted a patent to Jacques Lanfranco of Pesaro, for ‘ the application of gold to 
the Italian faience/ by which is probably intended that lustre of a ^Iden colour 
which 60 bnlliantly sheds its prismatic hue on the fictile performances of this period. 
The next in antiquity is Gubio, which boasted, in Giorgio Andriolio, of one of the 
most &moiis masters in his art. In and subsequently, ho, improving on the 
invention of Lanfranco, gave to his wares a ruby splendour, restricted to his 
woriw alone ; for the artist and his secret died together. His works are usually 
ioacribed at the back M°* G°* (Maestro Giorgio), which title ho assumed on his 
ennoblement. At Gubio, also, Giorgio’s son Vincent is said to have laboured in the 
same department. 

It was, however, during a period extending from 1520 to 1500 that these wares 
attained perfection. The classical designs of Ratfaelle, of Giulio Homano, and of 
Marc Antonio, were adopted and correctly developed ; the most graceful figure-com- 
Msitions, selected from the Grecian and Roman mythologies, were surrounded by 
borders of imaginative arabesque's. The colours, less brilliant than before, were now 
more harmoniously combined, while the glaze became more transparent, and more 
evenly applied then ev(T. Plates, dishes, vases, cisterns, fountains, now came into 
being in full magnificence, while goblets, salt-cellars, and other appendages to the table 
receive the same ciireful ornamentation with works of greater pretension but less 
utility. 

At Pesaro, in 1542, flourislied Geronimo, and in 1550, Mathicii, when large 
dishes were first made, having a profusion of ornaments cx(*cutecl in relief. With 
these artists successfully competed Terenzio, son of INL-itliieu ; Battista Franco, a 
skilful designer, entrusted with the direction of the works ; I adiieo Zucearo and the 
two Rafi&ielles — one Ciarla, the other dell Colle — both for along time confounded with 
the immortal Sanzio. There, too, worked the brothers Flaminio, and Orazzio Fontana, 
of Urbino, on the dinner service which Guidobardo caused to be made for Charles V. 
and Philip II. Orazzio also worked at Castel Durante and Florence, as did tlio 
Chevalier Piccolpesso, a tiilouted painter, and the author of a work on pottery. 
Rivalling also the above in fame, were Guido Solvaggio of l*’aciiz:i. Francisco Xante de 
Boyigio, who was a support of the manufactory at I'rbino. Fredcrico J>ran<liMi, and 
Guido Durantino. The w'orksof Luca della Robbia gave mucdi celebrity to tin* ware, 
owing to the brilliancy of his colours, the mochdled relief of liis design.s, and the 
hardness of his enamel. The Dukes of Urbino patronized the art for nearly 
two hundred years ; and the productions they issued are generally known as Raffiiello 
ware. 

For an historical account of majolica, see Mr. Drury Fortiium's elaborate ‘ Descrip- 
tive Catalogue of the Majolica in the South Kensington Museum,’ 1873. 

ICAShlkCHlITS, or vwuniam green, is native carbonate of copper of a beautiful 
green colour, with variegated radiations and zoue.s; .*^pi*c. gray. 3 5; it scratches ealc- 
spar, but not fluor-spar; by calcination it atfords -water and turns black. Its solution 
in the adds deposits copper upon a plat© of iron plunged into it. Its consists of car- 
bonic acid, 18'5; protoxide of copper, 72 2 ; water, 9’3. 

It is found in great quantities and of a remarkjjbly fine character, in the copper 
mines rf the Ural mountains, and is in Russia manufactured into various kinds of 
furniture and highly ornamental articles, A very fine malachite has betni obtained 
from, the Bnrra-Burra mines in South Australia. It is found to exist in large quantities 
in Central Africa. See Copier. 

WtUUbATMB are saline compounds of the bases with malic acid. 

VJUUf* Lastrea {^Aegidium) Filix-mas. This fern grows in all parts of 
Europe and most parts of America, between New York and Virginia. Its root (rhizome) 
has h!wn used for tanning. The best root is about 6 inches long and an inch broad ; 
externally it is of a brown colour, internally yellowish or reddish white, with a pecu- 
liar but not veiy strong odour, and a sweetish bitter-astringent taste. Morrin statirs 
t^ths root contains volatile oil, fatty matter, gallic acid, acetic acid, tannin, uncrystul- 
lutable sugar, starch, ligneous matter, and gelatiniform matter. The root is collected 
in May a^ Se ptemb er. 

jW ii l i lO AOn. (Jcide maligue, Fr. ; Aepfehdiirc, Ger.) This acid exists in the 
jmew of many fruits and plants alone, or associated w'ith the citric, tartaric, and 
Mds; and occasionally combined with potash or lime. Unrip© apples, sloes, 
"•*^>***m^ toe berries of the mountain-ash, elder berries, currants, gooseberries, 
•tonwbemes, raspberries, bilbonries, brambleberries, whortleberries, cherries, and 
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ananas, afford malic acid ; the honse-leek and purslane contain the xnalate of 
lime. 

The acid may he obtained most conveniently from the juice of the berries of the 
mountain-ash or barberries. This must be clarified, by mixing it -with -white-of-egg, 
and heating the mixture to ebullition ; then filtering, digesting the clear liquor wi3i 
carbonate of lead, till it l)Gcomes neutral ; and evaporating the saline solution, till 
crystals of malato of lead be obtained. These are to be washed with cold water, and 
purified by re-crystallization. On dissolving the white salt in water, and passing a 
stream of sulphuretted hydrogen through the solution, the lead will bo all separated in 
the form of a sulphide, and the liquor, after filtration and evaporation, will yield yellow 
granular eprstUs, or cauliflower concretions, of malic acid, which may be blanched by 
re-dissolution and digestion with bone-black, and re-crystallization. 

Malic acid has no smell, but a very sour taste, deliquesces by absorption of moisture 
from the air, is soluble in alcohol, fuses at 160° Fahr., is decomposed at a heat of 
348°, and affords by distillation a peculiar acid, the pyromalic. It consists, in 100 
parts, of 41*47 carbon, of 3'5l hydrogen, and 65*02 oxygen ; having nearly the same 
composition ns citric acid. A crude malic acid might be economically extracted from 
the fruit of the mountain-ash, applicable to many purposes ; but it has not hitherto 
been manufactured on the great scale. 

MAXi&BABZXiXTY is the property belonging to certain metals of being extended 
under the hammer by beating, or under the roller. Gold is a remarkable example of 
a malleable metal. 

SflABXiBABXiB XRON*. See Ibon. 

MAXiM XIOCX* A local name for the sandstones of Sussex and Surrey, called 
a 1 so It belongs to the Upper Greensand formation. This Malm forms the 
soil which produces the greater part of the hops for which these counties are cele- 
brated. Sec Sanustone. 

MAXiTKA. liiUunv rflutincux^ or mineral pitch. It dissolves in alcohol, as also 
in naphtha, and oil of turpentine. It seems to bo inspissated petroleum. 

3MCABTXX7G. The process by which barley or other grain is prepared by germina- 
tion under artificial conditions, for the purpose of browing. The changes produced in 
its constituents, and the requisite properties of good malt, having been already given 
ii: the article Beer, we now proceed to describe the requisites of a malt-house, and 
the mode of operation. 

The necessary apparatus for the production of malt is extremely simple : that is to 
say, first, a cistern or vessel for steeping the grain ; secondly, a floor on which it may 
be thinly sprwid and allowed to germinate; and, histly, a kiln or stove in which the 
newly-formed malt may be dried. Those need not bo of any specific size, neither is 
any special position, or arraugement needed; but in this country, from the large 
amount of duty levied on this manufacture, fiscal regulations interfere with, and in- 
fluence the whole arr.angenicnt. 

The regulations as to the manufacture of malt are embodied in the acts 7 & 8 Geo. 4. 
c. 62, and 11 Geo. 4. c. 17. Tlio former act is an admirable specimen of legislative 
injustice ; the latter was intended to ameliorate the provisions of its predecessor, and 
does, ill a degree, effect that object, The first conUiins no less than 83 clanscs ; and 
the regulations in it are enforced by 106 penalties, amounting in the aggregate to the 
incredible sum of 16.000/. How much of this is negatived by the subsequent act 
it is not very easy to determine, though, as far as it goes, the effect of No. 2 is to 
stultify the regulations of No. 1 . The cistern or steeping vessel must be of a determinate 
form and construction; it must have been approved of by a supervising officer; its 
cubical contents must have been very accurately ascertained by actual admeasurement, 
and it must be placed in such a situation that ^e officer gauging it may have sufficient 
light, and a clear open space of 48 inches, at the least, above every part of such cistern, 
for the purpose of facilitating the process of gauging; and, lastly, if such light be an 
impossiljility, from local obstacles, the maltster must enter into an engagement to 
keep, at his own ('xpousc, lamps or caudles burning, for the convenience of the 
officer. From what wo have now said, as well as from the notoriously uncertain 
character of grain, it might naturally be inferred that the process of steeping would 
be left entirely to the jutlgmont of the maltster, who would determine accoimng to hit 
experience, and the nature of the resulting phenomena, when the grain hM bm 
steeped long enough in the water, and when it had not. The law, however, allows 
him no such privilege ; whether the grain bo old or dry, or new and mOist, is all 
one,- ‘maltsters are required to keep tlieir corn or grain wvered with water for the 
full spiice of 40 lidurs, undt i* the penalty of 100/.* Nor will any change ocemring in 
the ap[)oaraiico of tlm grain, and seeming to retjiiiro it.s immediate removal, justify Of 
excuse the maltstor in so doing, unless indeed ho shall have anticipated the ooeumnot 
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by giving notice of his intention to do so in his original notice * to wet * — ^which must 
date 24 hours previous to commencing that operation, — and to give the day and hour 
of the day for beginning the steep, — all under the usual penalty of 100/. Nor may he 
‘ begin to wet at any other time than between the hours of eight in the morning and 
two in the afternoon,’ under a penalty of 100/., nor may he take corn or grain from any 
cistern at any other time than between the hours of seven in the morning and four in 
the afternoon. To empty corn or grain out of any cistern, until the expiration of 
ninety-siz hours from the time of lie last preceding emptying of any cistern in the 
establishment, involves a penalty of 200/. ; and the same infliction occurs, ‘ if the cop 
or grain be not emptied out of all such cisterns at one and the same time, or within 
thm hours after the clearing of the first cistern was commenced.’ 

Maltsters are not to mix, either on the floor or kiln, any corn or grain of one wetting 
with corn or grain of another wetting, under a penalty of 100/. What is termed tie 
conch, or place in which the grain, after being steeped, is laid together for the purpose 
of germination, is a supplementary apparatus of excise ingenuity, and no way neces- 
sary to the success of the malting process. Here the grain, after having been gauged 
in Uie steep, is again to be gauged with great care ; and if the maltster should tread or 
compress the couch, so as to diminish its bulk, a penalty of 100/. is imposed, though it 
is obvious that a power of loosening or compressing this couch according to its tempe- 
rature would greatly improve the formation of malt. However, ‘ all corn or grain 
emptied into the couch-frame is to be laid flat and level by the maltster, and so kept 
24 hours at the least,’ and similarly the floors are all to bo placed level on pain of 
100/. fine, so that any experimental essay nt imDrovement is very likely to end in the 
Court of Exchequer. Again, it frequently happens, or rather wo should say, it 
generally happens, that too little water is absorl^d by the grain daring the operation 
of steeping ; the consequence of which is. that after being remove^l from the couch to 
the floor, the grain desiccates, and, ceasing to germinate, speedily evolves a sickly 
odour, and becomes mouldy, — the incipient radicles at the same time drying and 
shrinking up for want of moisture ; in fact, the grain withers and perishes from the 
effect of drought, This condition is very frequent about the third and fourth day from 
the couch, and is easily and effectually put a stop to by the applic-ation of a little 
water. But now comes a rather awkward dilemma for the maltster : if the grain con- 
tinue on the floor without being sprinkled, it i.*: greatly damaged or altogether spoilt ; 
if water be sprinkled upon it to restore 'V'itolity, the law says that ‘corn or grain, 
making into malt, must not be wetted or sprinkled with water before the expiration 
of 12 days, or 288 hoxirs, after the same shall have been taken frf>m or out of the 
cistern, under a peualty of 200/.’ Where, however, the steep has lasted for tlie full 
period of 60 hours, and where, consequently, the want of water is less likely to be 
felt, the maltster may sprinkle at the end of six days, or 144 hours; but in no ease less 
than this, — though, iis we have stated, the great urgency for the sprinkling process 
occurs genersdly on the third day; and it is an undeniable fact, that, in spite of the 
heavy risk incurred, maltsters do almost invariably sprinkle their floors at about this 
period, and are thus driven to the necessity of trusting in tlie good faith and dis- 
cretion of some workman, to the injuiy^ of both parties. But the discriminating power 
confided to excise officers in these matters is incredible. * Whenever there sliall be rui- 
Bon to suspect, from the appearance of the grain on the floor, that it has been illegally 
wetted or sprinkled, the officer must give immediate notice to the inalister. or his 
servant, of such suspicion, and make a memorandum tlieroof, uj)ou the sjxjcimen- 
paper, and in the memorandum-book, mentioning whether anything, and what, was 
ataM by such maltster or any person on his behalf,” &e. Nay, the views of the officer 
are ordered to be put on record, as to an immense number of fortuitous circumstances, 
all of which, of course, received an unfavourable siginflcation : for instance, * liow the 
kiln was loaded, and whether fed by a brisk or slow fire ? — whether t he house seemed 
in a state for running or wetting, or committing any other and what fraud ? — what the 
trader says, and what character he boars in his concerns with the revenue?' — and 
SO on, in thie most arbitrary spirit. Indeed, the officer is specially instructed to make 
sadden and nnaspectad returns or visits, at unusual periods, so as to discover any 
snspieionB indicadons. Again, of the three separate gauges of malt which he may 
take, whether in the cistern, in the couch, or on the floor, the officer must select the 
larg^ for charging duty upon. Thus, if in the cistern he finds 78| bushels indicated, 
im the couch subsequently 81( indicated, and on the floor 83^, then the latter is 
pceleRed; and so with regaia to the highest wherever found,— 'the order being that 
^ the cistern or omich gau^ is equal to or exceeds the floor gauge, then the best 
4iiitar& or ooodi gai^ will be the charge ; but if that be less than the floor gauge, then 
Jetorgaage will be the charge.’ Any accident or loss arising after the cistern gauge 
It laiwfore thrown wholly on the maltster, who, fiir from being able to employ his 
llfwnrftij iatbe imptov’ement of his business processes, finds himself more than fully 
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occupied in a perpetual effort to protect his interests from fiscal regulations conceived 
in a most hostile spirit. The cyirelessnees and ignorance of common workmen may 
at any moment subject the most honest maltster in the kingdom, not merely to 
charges of dishonesty, but even to penal inflictions; which have ceased to carry 
moral degradation with them, only because of the popular belief of their iiyustice. 
It would be impossible, nor is it requisite, to follow out or recapitulate the in- 
numerable annoyances to which the manufacturer of malt is subjected at present: 
wo have thus briefly noted down a few, in order that the admirers of Bavarian and 
other foreign beers may take into account the very different state of the malt manu- 
flicturo in this country, as compared with that brought about by an unrestricted 
liberty to use or apply any means which the nature of the grain, the condition of 
the atmosphere, or other accidental circumstances, may require during the process of 
germination. 

Having thus seen the restrictions imposed by the legislature, we need only indicate 
that the capacities of the cistern, the couch, and the kiln should be adapted to contain 
respectively the whole quantity of barley or malt made at one steeping, and this 
should again have reference to the space allotted to the floor, which should allow of 
at least three steepings to bo worked on it without interference in their different stages 
of growth and withering. 

The process of malting consists of three successive operations : the steeping ; the 
coucliiiig, sweating, flooring; and the kiln-drying. 

It often happens from various reasons that the importance of extreme care in the 
selection of l)arloy for malting is overlooked, but the injurious consequences re- 
sulting from such a laxity are so great that they cannot be too strongly impressed 
upon the attention of the party entrusted with this duty. All barleys that have 
been weathered in the field, or have got mow-burnt or musty in the stack, should be 
rigidly rejected; they are so easily detected that there is no room for accidental 
oversight. Weathered barley has a dull and often a dirty appearance, quite dis- 
tinct from the bright shotty character of good samples, and frequently a sprouted 
corn or two may be seen amongst them, but the last is the least evil of the three, 
as the sprouted corns may to some extent bo removed by carefully swimming the 
barley (at the time the cistern is charged) and floating off the lighter grains. But 
with mow-burnt and musty barley the grain has suffered so much that a sound 
wort out of malt made from mow-burnt barley cannot be obtained. This evil arises 
chiefly from the barley having been stacked in an instifficiontly dry state; subse- 
quently it has become overheated and its germinating principle destroyed; there 
no remedy, it cannot bo reclaimed, it is spoilt for malting purposes, more or less 
according to the circumstances immediately attending it. It may bo detected by 
a peculiarly faint, sickly smell, perhaps the word ‘stink’ more nearly describes it ; 
in addition to that, it may be at once suspected if some of the grains have a dis- 
colouration varying from red to black at tho radicle end ; such grains when thrown 
into the couch after steeping will often exhibit a brownish-rod appearance from end to 
end ; if broken they will display a red-tinted kernel and show an unmistakeable rotten- 
ness ; on the floor they will impart that odour of rotten apples, so disheartening to 
tho careful maltster, especially if ho be brewer also ; and after being dried on the 
kiln, a minuto examination of thorn will disclose a kernel of a yellowish and some- 
times a brownish tinge, which otherwise ought to bo perfectly white and flowery. 
Beer brewed from such malt is liable to ferment with uncontrollable violence, and 
will soon turn sourish, bad, or stinking, according to the degree of injury the barley 
has suffbred. 

Musty barley of course can easily bo detected by the smell, and a slight appearance 
of mould may generally be detected upon the ends and belly of the grain ; if it is very 
slight indeed it need not condemn an otherwise good sample, but if it arises from being 
overheated in the hold of a vessel it should not be malted. Broken and bruised corns, 
and corns crushed by the feet or shovel upon the withering floor, have precisely the 
same effect and result as mow-burnt barley ; for this reason, therefore, the thrashing- 
machines now in such general use have need of great improvement, as they break the 
corns to a fearful extent, the more so when the season has been exceptionally dry, and 
the finest and boldest corns suffer most. 

Anotlier unfavourable symptom is when the beard has not been entirely remoTedi 
some of the corns retaining portions of it attached ; this is an indication that the 
mellowing in the stack has been imperfect when the grain was thrashed, the heard 
has therefore remained tough, and the operation has been unable therefore to detach 
them : it is generally attendant on weathered grain. 

Hie It is a good plan as a rule to have all barley shot info its bian as 

soon as poseible, and there allowed to remain till it is wanted fat naltiiig; the 



186 


MALTING 


iB^owiQf k therein lomdvhat encouraged, especially so if the season has been a 
rery diy one, for tke barley is likely to be intractable ; it is advisable then to lot it 
remain in heap for some weeks with that purpose. 

BiU^ if on patting the hand into the sacks the feeling of sharpness and briskness is 
wanting, too much moisture may be suspected : it should then remain in dry sacks, 
or, if thonght requisite, should be dried with a slow fire upon the kiln and turned 
frequently, after which it should bo thoroughly cooled, and thrown into liotip to 
mellow. 

Whonever practicable, samples differing from each other should never be mixed l)e- 
fore malting, but when unavoidable only such barleys slmuld bo mixed as are of the 
same weight per imperial bushel, the same in character and condition, and from 
mmilar districts, otherwise there will be a harassing irrognlarity upon tho floor. And 
now before commencing operations, perhaps a word or two about the amount of work 
a man should do would not be out of place. 

Previous to the operation of steeping, it will bo found most profitable that the 
barley should be very thoroughly cleansed : all dirt, earth, stones, light grains, 
and small ones, should be ciirefully screened and swam out of it (for it is a 
waste to pay duty and wages for such things, and what is of more consequence, 
they tend to injure the qmility of tho malt while on the floors), and the steep com- 
mences. 

It is a good arrangement to have at tho overflow-end of the cistern a sieve or wire 
trougli placed a few inches below the overflow on the outside of the cistern, so that 
the surplus water shall easily float away the light grains from tho surface as tliey 
rise; there they will collect, and may eventually be taken aw.jy, dried on the kiln, and 
used for feeding purposes. The draining ability of t he cistern should be as ample and 
expeditious as possible, and the water-supply should be equally gooil ; some maltsters 
with commendable prudence provide a sort of shower-bath arrangement over tht ir 
cisterns in place of the water-tap. 

The steeping is performed in largo cisterns made of wood or stone, whicli 1>cing 
filled with clear water up to a certain height, a quantity of barley is shot into them, 
and well stirred about with rakes. 

Tho good grain is heavj* and 8ul)sidc8 ; the lighter grains, wliicb float on the surface, 
are the damaged ones, and should be skimmed off, for they would injure tho quality of 
the malt and the flavour of the beer made with it. They seldom amount to more than 
2 per cent. 

More barley is successively emptied into the stccp-cisttrn, till the water stands only 
a few inches, about five, above its surface ; when this is lovolhd very ciin fully, aiul 
every light seed is removed. 

The steep lasts from 40 to 84 hours, according to the* eircum stances of the seasr»n, 
condition, and weight per imperial bushel ; now barley loquiri ng a longer period than 
old, and big requiring much less time tlian barli v. 

In England it is the common practice, in order to escape ns mnoli as possible the 
excise duty, to allow the barley as a rule only AO hours, Imt ibis is not suflicioiit for 
heiivj’ or strong barleys : 60, 72, or even 84 hours will I*-' found in uoh more advan- 
tageous to the saccharific and friable qualities of the lualt jiroduoed. and where the 
maltster is also the brewer it will well repay him the litib; e xtra i xciso duty ho may 
pay on account of it, and the loss by solution in the steep-water will ])e found .ilto- 
ge^er inconsiderable. The Munich maltsters usually allow 96 hours, and tike for 
their criterion that the pip shall have swollen almost to bursting, ladbro the stcei'ing 
is considered sufficient. 

Paring this steep, carbonic acid is evolved from the griins, and combine.s with 
the water, which at the same time acquires a yellowish tinge and a stniwy smell, 
from dissolving some of the extractive matter of the barley husks. Tiie grain im- 
bibes about one-half of its weight of water and incre.ases in size by about one-fifth. 
By losing this extract the husk becomes about one-seventieth lighter in weight, and 
paler in colour. 

The doration of the steep depends in some measure upon the temperature and 
State of humidity of the atmosphere, and tho temperature and constitution of the 
water, and is the short(;r the warmer the season. ^ 

. The water most suitable for malting purposes is most certainly fresh spring- water 
fristn deep souioee, attlie temperature of alDout A2^ Fahr. ; this is generally obtainable 
in England ; siurftioe-water is not estimable, first, on account of its variable tempem- 
turOf nerondly, because it contains a variable amount of organic matter, and thirdly, 
because its solvent power is greater ; whereas the salts of lime held in solution l»y 
Msriy all spring-waters have a very beneficial effect upon the barley, as to S' lue 
th^ neutaUiae the acid tendency, and must or mould. 

ftie f i iig has for tu object^ to expand the farina of tho barley with humidity, and 
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thus prepare the seed for prormi nation, in the same way as the moisture of the earth 
prepares for the prowth of the nidicle andplumulain the seed. Too long continuance 
in the steep is injurious ; l)oc{m.se it prevents the germination at the oroper time, and 
therehy exhausts a portion of the vegetative power; it causes also an abstrac- 
tion of saccharine matter by the water. The maceration or steep is known to be 
complete when the skin of the barley has lost all wrinkle or curl, can be easily 
transfixed with a needle, and is swollen to its fullest size. The following is reckoned 
a gof)d tost: — If a barleycorn, when pres-sed between tlie thumb and fingers, continues 
entire in its husk, it is not sufficiently steeped; but if it sheds its flour on the fingers, 
it is ready. 

When the substance exudes in the form of :i milky juice, tho steep has been too 
long continued, and tho oarley is spoiled for germination. 

U rilioalthy, damaged, and mutilated corns, frequently become pasty in the cistern, 
lf>ng Itcforo the sound portion of tho charge has been steeped enough, and this the 
sooner, in proportion to the amount of injury the grain has suffered. All such 
grains are apt to become very damaging upon the withering floor, and to avoid this, 
and incr('aso tho profits as much as possible, it is a rule with some maltsters that the 
more indiffirent a sample of barley is, the less steep must be given to it; he mu.st 
force tho acrospiro on, by thick and w'arm floors, that it may be put on the kiln as 
quickly as possible, after it is wotto<l; by this means, the sample saves its appearance 
very considerably; but although tho (lecomy>osi ng corns do not stink and mould 
quite so soon when thus worked, as they would if treated otherwise, thqir mischievous 
tendency is not at all diminishc^d ; for, by tho short steep allowed, tho sound corns 
arr thrown on the flof)r in an intractable state, and by tho thick flooring and conse- 
quent heat at which they are subsequently worked, tendencies to lactous fermentation 
and mould aro greatly encouraged, first in tho unsound corns, and then by contact 
through tho whole floor. 

In warm weather it sometimes happens that tho water l)ecomos acescent before tho 
grain is thoroughly swelled. This Jieeident. which is manifest to the taste and smell, 
must be iinmedialcly oljviatcd by drawing off the foul water through tho tap at the 
botlom of the cistern, and replacing it with fresh cold water. It does no harm to 
renew it two or three times at one steep. 

7’/n' Coifrh.- The water being drawn off, and occasionally a fresh quantity passed 
through to wash away any slimy matter wliieh may have been generated in wjirm 
weatla r, the l arley is now laid on the conch-floor of stone flags in square heaps, from 
lU to Id ijielms high, and bjft in that position for twenty-four hours. 

.\i this period, iho bulk of tho gr.iin being at the greatest, it is usually gauged by 
the n-vi uue officers, and tho quantity then found multiplied by tho decimal *815 is 
that on wliicli the duty is generally eliargod. 

After a few hours, moisture leaves tho surface of tho barley so completely, that it 
imparts no dampness to the hands; but, in from fifteen to thirty hours, sooner or 
I iter, aeconiing to the eircumstances at the time of tho season, quality of barley, 
and eftieieney or otln-rwiso of the st(‘ep, it becomes warm, tho tomperatiiro rises 
from to 10^ above that of the atmosphere, wliilo an agreeable, fruity smell is 
evolvid ; if the li.iiid is thrust into tho grain a.s it lies in the couch, it not only 
ft rU warm, but. it is bedewed with moisture. At this sweating stage, the fibrils of 
the r.idii’Ies make an appearance at tlio base of every grain, in the form of a white 
elevation. 

Aft r remaining in the couch tuxuity-four hours, tho time insisted upon by excise 
regulation, iln^ couch is broken, that is, tho planks composing the front of it are re- 
moved, and willi a maltster's wood shovel, tlie grain is spread out to the depth of 
Ir on d to 10 inches (according as required by tho before-mentioned eircumstances; 
ami he it rcmemlierod, that these must be carefully considered at every stage of the 
working, from first to lust). .Sirne few hours after the radicles have begun to divide, 
the ])lumula may be discerneil at tiie siime point, proceeding beneath tho husk, to the 
oilier eritl of the seed, in llio f<»rni of a yellow leaflet. 

'Hie FI wring, AVith this last operation, ‘ the flooring,’ may l>e s;iid to have com- 
meueod. and the expcricuce and judgment of the maltster are now called into requisi- 
tion, and will be taxed to their utmost to ensure a simultaneous start and equal degree 
of germination in every individual grain alike ; he must not forget it for a moment, 
but ciirefully watcli its progress, and us soon as the grains immediately below the 
surface appear glossy wet ipoiii sweating, tho floor must be turned with the shovel, 
and thinned out from 2 to 4 inches in tliiekiicss, as he sees it desirable. The manner 
of handling the shovid is a matter of great importance, and it is only fifom careful 
practice that tlio required proficiency is attiiined ; tho upper stratum of the floor is 
skimmed off and rollei.1 over, just in the immediate neighbourhood of the Wivkintxi, 
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•tap by tbept aboTelful by BhoTolful ; the under portion is then well cleaned up, flung 
and qnread with an inward turn of the wrists, ns tlie arms nro thrown across the 
firont; by this motion, the grains are disposipcl into a tliin, wido-sproading shower, 
driven through the air and falling evenly on the floor, at a considerable distance from 
where they were taken up by the shovel, and l)y the operation are separated and 
cooled ; should any feint smell have been attained, it will afterwards be found to have 
passed off in a very great measure. 

Thus the workman advances, proceeding across and recrossiug the floor, taking 
alternately, first the upper stratum, and then the lower one at ever)" step, throwing 
it ont the farther, the more cooling or * cheek ' he purposes to give to it, and also 
regulating its area accordingly. Sometimes it requires turning over, and lightening 
up, without being subjected to the cooling consequent upon the use of the shovel ; and 
for this purpose the workman uses what is called the ‘ rake,’ This is an iron blade, 
about 80 inches long and perhaps 2 inches broad, fixed at each end by holders, to a 
massive wood head, to which is attached a strong wood shaft, with a cross-head 
handle. This blade is dragged along the floor, passing under the barley, turning the 
bottom to the top and lightening it up considerably ; but when turning only is re- 
quired, he uses what is called the ‘ plough this is a long-handled tool, in shape 
very much resembling the scull of a boat, and in using it is made to pass through the 
grain, precisely as a scull is made to do in the water. The young floors will generally 
require some sort of tendance ever}’ three or four hours ; this must be judged now by 
the appearance of the radicle as a principal indicator ; when it is particularly white 
and vigorous, the floor requires a ‘ turn.’ that is, tlie shove l preceded by the rake ; if 
it requires nursing, and it is thought that a turn would chock it too much, the r:ikt» 
alone is used ; but if it requires a gentle turn over and careful nursing, then the 
plough alone is used; and thus these are employed, either alone, in turn or combined, 
in any way the workman may (lecm it desirable; but always before leaving his house, 
for the night, he must thoroughly disentangle the corns, the one from the other, give 
the floors a good turning and spreading, thin them oub and lay them light. In the 
old floors it will most likely be necessary to use all throe tools about them ; first the 
plough, and then the rake, till they are well disentangled and light, then with the 
shovel, thin out, turn, spread, and cool them. 

With the young floors, perhaps, only the plough and the rake may bo required, 
as it sometimes happens that niirsing is neccssarj', ouang to the coldness of the 
weatlier. 

It will sometimes occur, most commonxy from an insnflicient steep, that the radicles 
will show signs of withering prematurely; and if the circumstance w.is to remain un- 
heeded, the floor would die long before the germination had wrought the desin-d 
change in the constitution of the barley; the withering radiele.*^ would drop off even 
with the most careful handling, and then the grain would have to depend on those 
that remained to it for the support it needed U) coniph'te thf change. 1\) ri*nd«T llse 
necessary help, at this time, recourse is had to * sprinkling,’ lliat is, water is ad- 
minister^ to it from a 4-gallon watering-can, with a rose, in the proportion a.s a rule 
of about one canto the quarter (8 biisheds) ; under some circumsUnces a floor will 
take nearly double that quantity, as in the Ciise of the heavy Scotch l>arleys, w’ith 
only 60 hours’ steep, but with light free bark vN perhaps only half the quantity, tlie 
less the better in all cases, where quality i.s of more consequence tlian appearance ; for 
the object being to suppl}" a stimulant to the ‘fainting ’ and perhaps wounded gram, 
the acroBpire is forced up as it were, under the husk of the hide-bound grain ; no gootl, 
or at any rate veiy little good, is done by the process, to really benefit the constitution 
of the grain ; the application is too superficial, and where the quality of the saccharine 
constituent is the consideration, it cannot stand in competition wdth the proj)erly 
administered steep. But for the sake of overraeasure or overweight, and it must be 
admitted a saving in appearance, it is adopted by the malting-trado generally, as a 
matter of routine. It is administered ns follows : — 

On the fourth or fifth day after the grain is thrown from the cistern, the radicles 
will bare attained the length of nearly a quarter of an inch ; the floor has then given 
to it about half a can-full of water to the 8 bushels ; it is then well ploughed, raked 
and turned, aoas to wet every grain possible, and tlien worked in the usual course. 
Next day, the remainder of the dose is given, or if much water is thouglit necessary, 
ft ii given two doaaa the second day, one in the morning and the oilier in the after- 
noon, and peihaps another dose next morning ; the operation, of course, necessitates 
plei^ of room, to it is nsual to arrange for the main sprinkling on the day that the 
fOd floors are loaded on the kilns. If floors are closely observed about t his time, it 
will be seen, that mould mostly appears immediately after the sprinkling; tlien it is 
Unit misehievoQS effects of rotting, mutilated, and broken corns are most appanuit, 
and vith each hour the disease spreads from corn to corn, till sometimes, before the 
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floor can be r^y for the kAn, the whole of the floor ie literally impreensted witt 
It, h kind of blue bloom is to be perceived upon it, and it may even affect ♦he atmo- 
s^phore above it, plainly showing that mould in the form of dust is present, ready to 
fall on everything; some of it may be made to disappear, after drying and screen- 
ing the malt ; but the tasto is permanently attached to the malt, and follows it through 
the remainder of its existence, oven after it has changed its state ; not that mould 
can be always detected in the beer made from such malt, for unless it is very bad 
indeed, it can be overpowered by tho hop ; but there is a perceptible deficiency in 
that fine, clean flavour, which is the perfection of a glass of good beer, its place 
l)cing usurped by a flavour coarse and tangey, and tending to acidity, the more so 
in proportion as the disease has ravaged tho malt ; for let it not bo forgotten, that 
mould and acidity always go hand-in*hand. Therefore, where it is found necessary 
to malt an indifferent sample of barley, it is much the wiser plan to treat it with a 
sufficient steep, and work it as cool as possible upon the floors, giving it plenty of 
time ; for heats approaching 60®, and especially between 60® and 70® encourage disease 
in barley on tho floors, just as it does also upon an unsound wort in the fermenting 
tin ; such malts should always be set apart to be browed by themselves for a quick 
consumption. 

If the heat on the floor should by any chance rise to temperatures between 70® and 
7o®, it is almost a certainty that much of the saccharine constituent will have changed 
into tlio lactic state. It is sometimes asserted that sprinkled malt will yield more 
gravity per quarter than unsprinklod malt will do: tho extra graATly is caused by an 
excess of tlio albuminous constituent present in the wort, and this is but an increase 
of trouble, disappointment, and loss tc the brewer ; but the difference between sprinkled 
anti unsprinklod barley is perceived at once by the tiistc, being in favour of the latter, 
from tho superior swootness in the mouth, and it far exceeds the former in the 
]*rightoning and keeping ability of its product, and in tho general excellence of the 
boor. The attentive reader will perhaps ere this have surmised from the mention of 
tho old tlftor, th(i young floor, and tho floor to bo sprinkled, that there must generally 
be three steeps upon tho floor at the same time, and under very exceptional circum- 
stances tiu re may even bo four floors, exclusive of those on the kiln, and in either the 
cistern or the eoiieh. This of course necessitates plenty of area in the withering floor ; 
there sluaiKl bo alloweil 28 S()uare yards at least to tho quarter of barley steeped. 
'J'htTefore for one man-kiln, la quarters being steeped every four days nearly, the 
withering-floor area should l )0 15 x 28 yards --420 yards, including tho couch-frame; 
alxtut 30 feet in width is a nice arrangement for a kiln of this size, and is even a con- 
venient width for any sized kiln, fur where the floors are much wider, the sides and 
middle work vary unevenly, and cause an amount of labour that is likely to be the 
cause somewhat of neglect ; forty feet should be tho extreme limit for a kiln of the 
largest size ; of course tho wi«lei* tho floor is the less throwing forward it requires, and 
this is a consideration ; tlie height of tlie place should be about six feet under tho 
beams, wliich shouhl l<e underdrawn ; tlio windows should be glazed witli blue glass, 
and the Ventilation and temperature of the place should be under complete control. 
At times the grain on tho floors will suftbr iimtilation and crushing by the feet ; the 
excise officer must trample upon it, for the purpose of gauging, but it is quite unneces- 
sary that any one else should. kSome, to rolieve the floor from injury by the tread, have 
moveable gangways suspended from tho beams above, or supported from the walls, so 
that the workmen can ^uiss from Ih.or to floor tho whole length of the house without 
treading on the grain. 

The system of w’orkiiig upon tho floors is of such extreme importance to brewers, 
that it is iiet‘essary that wo should give very special attention to the considera- 
tion of the several points of guidance, which experience has established as incontro- 
vertible. 

Tho first and most essential of these, is the selection and cleansing of the barley, 
and this has already been treated in detail in an early part of the present article; the 
next is tho class and tomperaturo of the wjitt‘r, and this has also been treated utoq, 
and we must now consider tho rule that must be adopted to produce a malt that shall 
have the letist amount of tlie ulbumiuous constituent in its composition along with the 
greatest amount of go<Ki sound sacchanim as free ns possible from acid tendency, and 
perfectly free from mould. 

In the first place, in order to make good sound malt from carefully-selected barley, 
the efficient steep is of p.'inimount importiince; then the cooler it is worked upon tho 
floors, and the kmgor it can be made to take in growing the acrospire right up to the 
opposite end of the grain, the better wdll be the sacc^rific excellence of the malt. 
The heat of the floors should never b<‘ allowed to attain 60® balir., and it abould be 
kept on tho floors from twelve to fifteen days, including couching. 

There is no danger of mould if tho turning is properly attended to, and no mow 
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gftiakUDg allowed than is absolutely necessary to keep the germination alire; in 
a esso n-made xnalt» sprinkling is but very seldom required, but an exceptional warmth 
or dryness of the atmosphere may make it at times a necessity. 

If the rootlets or radicles appear languid, shrivelled, and of a dull yellowish tint, 
Jay the floor a little thicker; it may be that the barley is more inlrnct;ib]o than was 
supfKM^ at first ; and if in the course of two or three hours its appearance is not 
materially improved, then administer the sprinkling, al)Out a good third of a can-full 
to the quarter (i.e. 8 bushels), well plough, rake, turn, and thin out ; but let it carefully 
be borne in mind that whatever is done iu the way of increasing or d(‘croasi ng the 
rigour of the germination must be done most gradually, or the radicles will bo liable 
to break off) therefore leaving the grain maimed, and less able to atUiin the desired 
result, and as a consequence the qualit}' of the malt will be impaired, On the other 
hand, if the rootlets appear robust aud vigorous, the floor must bo well turned and 
thinned out, or the middle of the floor will become the warmer, and am uneven germi- 
nation will result ; when a floor has been allowed to remain too long unturned, it may 
easily bo perceived from the faint smell that attends it, and also it inaiy bo observanl 
that the main or centre radicle is of unusual length and strength in comparison witli 
its mates ; great care must then be exercised, for to bo chc*cked too rajiidly would 
certainly cause them to break off, and prove an injury; this must particularly bo 
attended to in the young floors. If all has gone on as it should Jiavc done, wh(‘n tin; 
grain has spent the moisture absorbed in the steep, the acrospiro will have attained 
about three-fourths the length of the grain, and the culm (rootlets) somtjwlicre about 
half an inch in ordinary English barley, but more than that in the strong Yorkshire 
barleys, and more still in the hea^y iScoteh ; this excitation will occupy from perlnqis 
nine to twelve days, according to the circumstances, of the kind of barley, and stale 
of the atmosphere, and tlie culm will tlien begin to grow languid, fade, and wither, 
and of course vill cease to dcvelopc any more ; the acrospiro Loo will remain alm(»st 
stationary, though not quite so, for germination is not extinct, l»ut only retardtrd. 
The floor must now be laid thicker, very gradually, frequently disentangled and 
turned, but kept just warm enough to cause most of the ron.aining moisture to 
pass away from the grain till when taken up in the hand it feels liglit and dry, 
and when the kernel is forced out from the husk with the tbuinb-nail, it should rub 
abroad l-)etween tlie thumb and forefinger easily and smooih; this process i.s called 
the ‘ mellowing,’ and occupies from two and a half to four days ; it is then ready for 
the kiln. 

The Kiln^Floor . — The mellowed floor is tlien loaded into baskets, craned up to the 
kilu-floor, upset in regular heaps over it, and when all the charge is in, ii should 
immediately bo griped over and levelled. In area the kiln-floor hliould allow at least 
three square yards to every quarter of barley steeped, thus fora lo-quarUu* cIsUtii, 
the area for the kiln-floor should be at least -lo square yards, tliis will allow llu* barley 
to lie from 7 to 9 inches thick upon the kiln, and that thickness is a mediuui between 
extremes. In England coke is most commonly used for iJie kiln-fire.s, and there j-hou Id 
be from 15 to 25 feet below tlie centre of the kiln-floor; the greater the height the 
better the draught. 

Immediately above the fire-place, and supported at the four corners, a disi»orsor is 
placed firom 6 to 9 feet above the fire-bars, acconling ix) the strength of tlie draught and 
character of malt it is intended should be made usually ; it is well to have all iho 
dxaught^urse, both above and below the malt, under perfect control, so as to at all 
times cause the stream of heated air passing from the fire to disperse ilsirlf to the 
extreme limits of the kiln-floor; but with all the aid that art and experivULa* can give, 
nothing can relieve the workman from that careful watching and regulating of the 
fires, that is the real secret of success in the finishing of malt. The ‘ old fl^)or ’ l>tdng 
now * loaded’ on the kiln and griped over, the fire is placed and regulated so that the 
heat shall accumulate in the space under the floor-tiles, and fill it to the remotest 
comer with a temperature of about 90^, w'hich must be the same tliroughout the whulo 
area oi the floor, no one place being hotter tlian another, or the iinishing Mill bo 
freckled and uneven : the advantage of having a good huiglit over the sproiider Mill be 
now seen, by reason of ita allowing a better opportunity for the thorougli mixture and 
attempexating of the atmosphere and also decreasing the liability to a hot-air current 
through any particular portion of the floor. 

In a sh^ time the heat may be increased three or four degrees, but the floor 
•hould not molested till all apparent moisture or steam has been driven from 
St; this will take aWt 12 hours, when it may be griped over, again turning the top 
to the bottom ; fires damped up and left for the night ; next morning the flour must 
he gnpsd again, and turned with the shovel, the fires may be Ijrokcn uj>. and the 
haot inereased 8 or 4 degrees more, and the floor must be turned 3 or 4 limes with 
Hit ihaneli aad by tito foUowing morning it will most likely be dry ; the finish 
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must then be giron, that is, the particular colour and flavour required muit now be 
attained. 

For pale malt, the heat should not exceed 120°. 

For the amber colours, heats ranging from 120° to 160°, according to the colour 
desired. 

For brown malt for porter-browing, oak sticks are blazed on the fire, and the heat 
raised to 180° or above ; the floor must not be laid more than an inch thick, and be 
kept constantly on the move by turning; it is therefore a very hot and laborious 
process. In finishing for the pale and amber malts, it is bettor to subject the floors 
to a low and long-continued heat, rather than a high and sharp one, for the culm 
colours much sooner than the body of the grain, owing to its slightness in substance, 
and the workman is often deceived by this circumstance ; for pale malts, sjiy 100° or 
a little al)ove ; for amber, about 125° or so. 

When the malt has attained the colour required, it is immediately heaped in the 
middle of the kiln-floor, and the fires allowed to die down ; in about two or three hours 
after, the kiln is ‘ teemed,’ that is, the malt is taken off and stored in its bin ; it is 
decidedly the best plan to let this bo done while the malt is in a good hot state, for 
it will k(*ep riglit all the longer, and the culm should go with it to aid in keeping 
out the atmosphere ; but although malt should be kept in the store-bin as dry as 
possible, it is not thought a good plan to use it for brewing purposes until it has got 
quite c(jld in the heap, or it will prove somewhat intractable in the mash-tun, and the 
l)ccr from it will not work kindly in the fermenting-tun, and prove somewhat difficult 
to lire. 

During the kiln-drying, the roots and acrospiro of the barley become brittle, and 
fall off'; and are separated by a wire-sieve whose meshes are too small to allow the 
malt itself to pass through. 

A quantity of good barley which weighs 100 pounds, being judiciously malted, will 
weigh, after drying and sifting, SO pounds. Since the raw grain, dried by itself at 
the .siine tenq^orature as the malt, ■would lose 12 per cent, of its weight in -water, the 
malt process dissipates out of those remaining 88 pounds, only 8 pounds, or 8 percent, 
of llie raw barley. This loss consists of — 

1 per cent, dissolved out in the steep water, 

3 ,, dissipated in the kiln, 

3 „ by the removal of the fibrils, 

Oi „ ofw’aste. 

The bulk of good malt exceeds that of the barley from which it was made by about 
8 or 9 per cent. 

BCAXT ILZUr. (Darre, Ger.) The requisite conditions of a good malt kiln 
are. that tlic temperature should bo untler perfect control ; the malt not exposed too 
near the direct action of the lire ; and the vapour from the heated grain rapidly 
carried oft’. 

/’/ys'. 1423. 14'24, 1425, 1426 exhibit the coustruction of a well -contrived wm/i? 

F/y. 1423 is tlie ground plan ; /y. 1424 is the vertical section ; andfys. 1425 and 1426, 
a horizontal and vertic il section in the lino of the malt-plates. The same letters 


denote the wime p;ii*Ui in each of the figures. A cast-iron cupola-shaped oven is sup- 
ported in the middle upon a wall of brickwork four feet high ; and beneath it axe 
the grate and its tub-pit. The smoke p^sus off through two equidistant pipes into 
the chimney. The oven is surrounded with four pillars, on whose top a stone lintel 


1423 
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10 laid : 41 is the grate, 9 inches below the sole of the oven h\ c c c e are the fonr nine- 
inch rtrong pillars of brickwork which bear the lintol m ; d d d d are strong nino- 
indi pillars, which support the girder and joists upon which perforated plnt^^s repose ; 
9 denotes a vaulted arch on each of the four sides of the oven ; f is the space betwee n 
the kiln and the side arch, into which a workman may enter to inspect and clean the 
kiij® » 99* walls on either side of the kiln, upon which the arches rest ; h, tJie space 
for the ashes to fall ; A*, the fire-door of tlie kiln ; I /, junction-pieces to connect tho 
pipes r r with the kiln; the mode of attaching them is shown in fy. 1426. These 
smoke-pipes lie about three feet under the iron plates, and at the same distance Irom 
the side walls ; they are supported upon iron props, which are made fast to tlio arches. 
In.^. 1424, u shows their section; at s s^Jig, 1425, they enter the chimney, which is 
provided with two register or damper plates, to regulate the draught trough tho 



pipes. These registers are represented by tty fig. 1426, which shows a perpendioul.'ir 
section of the chimney, w, fig. 3424, is the lintol, wliich causes the heated air to spread 
laterally, instead of ascending in one mass in tho middle, aiid prevents any com- 
bustible particles from falling upon the iron cupola, n n are tho main girders of iron 
for the iron beams oo, upon which the perforated plates p lie; ^,fig. 1424, is tho 
vapour-pipe in the middle of the roof, which allows the steiim of the drying malt to 
escape. The kiln may bo healed either with coal or wood. 

The size of this kiln is aliout 20 feet square; but it may bo made proportionally 
either smaller or greater. The pcrfoKited floor should be large enough to receive tho 
coutents of one steep or couch. 

The perforated plate might be conveniently heated by steam-pipes, laid zlgz;ig, 
or in parallel lines under it; or a wire-gauze web might be stretched irpon such 
pipes. The wooden joists of a common floor would answer perfectly to supj:n)rt 
this steam-range, and the heat of the pipes would cause an abundant circulation 
of air. For drying the pale malt of the ale-brewer, this plan is particularly well 
adapted* 

1427 





IQw inpmed malt kiln of IHstom is leprosanted,^. 1427, in atop view; 1428, 
li M lomnudiiial view aud section ; and,^. 1429, in transverse section, a, a, are two 
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jaadranenlar smoke-fineg, construcUd of fire-tilog, or fire-stone*, and corered wth 
iron plates, over which a pent-houso roof is laid ; the whole bound by the cr^m^ 
b (fys. 1428, 1 429). These fines are built above a grating c c, which commeneea^t o' • 
m front ofc' there is a bridge of bricks. Instead of sufb aIriXflT“vS 
plates iron pipes may be used, covered with semi-cylindrical tiles, to prevent tha 
malt that may happen to fall from being burned, d d, are the breast walls of the kiln 
3 feet high, furnished with two apertures shut with iron doors, through which tha 
malt that drops down may be removed from time to time, e is a beam of wood Ivin^ 
on the breast wall, against which the hurdles are laid down slantingly towards* tho 
back wall of the kiln ; /fare two vertical flues left in the substance of the walls 
through which the hot air, discharged by open pipes laid in a subjacent furnace, rises 
into the space between the pent-house roof and the iron plates, and is thence allowed 
to issue through apertures in the sides, g is the discharge-flue in the back wall of the 
kiln for the air now saturated with moisture; A is a smoke-pipe, from which the 
BTTioke passes into the anterior flue c, provided with a side-plate for modifying the 
draught ; the smoke tlienco flows off through a flue, fitted also with a damper-plate, 
into the chimnty i. k is a smoke-pipe of a subsidiary fire, in case no smoke should 
pass through h. The iron pipes are 11 inches in diameter; the air-flues/, n inches, 
and the smoko-pipe A, 10 inches square ; the brick flues 10 inches wide, and the usual 
height of bricks. 


The following is an account of the total number of bushels of malt made in the 
United Kingdom from 1861 to 1870, distinguishing such as were charged with duty 
from such as were free of duty, exported on drawback or free of duty, and the quan- 
tities returned for home consumption 


T^ie Quantities of Malt charged with dutks of Excise in the United Kingdom, pLantities 
exported on drawhax'k^ and returned for home consumption. 


Years 

Charf?ed with 
duty 

- O 

Exported on 
drawback or 
free of duty 

Retained 
for home 
consumption 

1 



Bushels 

BusVidIs 

Bushels 

Bushels 

1861 



44,141,422 

3.793,192 

1,284,514 

46,650,100 

1802 



41,118,172 

4,009,883 

1,499,447 

43,688,608 

1803 



40,209,842 

4,079.829 

1,876,856 

49,072,815 

1801 



48,544,125 

4,837,742 

1.584,889 

51,796,998 

186.5 



45,190,374 

522,828 

1,641,685 j 

43,548,689 

1800 



45,982,397 

551,423 

1,087,344 ! 

44,295,053 

1867 



43,608,571 

459.060 

1..38r),577 

42,222,994 

1868 



44,387,259 

452,880 

1,330,664 

43,056,595 

1869 



45,351,518 

484,907 

1,537,147 

43,814,371 

1870* 



47,005,803 

402,455 

1,462,226 

45,603,577 


MAZiVACBJB. The petals of the plant known as Althcea rosea^ belonging to the 
natural order Malvqcetfy conUin a peculiar colouring-matter, soluble in water and 
.ilcohul, but insoluble in ether. ‘ The aqueous solutions of the petals, freed previously 
from the calyx and sUimcns, exhibit a violet-roil colour, whicli is turned crimson by 
the addition of acids and green by alkiilis. The alcoliolic tincture of the leaves is 
j>ur]>lish-red, and leaves on evaporation a deep red residue, free from nitrogenous 
inaUtT. Cotton niordaiUcd with iron is turned blue or bluish-black by an aqueous 
infusion of the petals. With an uluiuiiious mordant a violet-blue, and with tin 
luordarits a bluish-violet is produced. Woollen fabrics, previously mordanted with 
bichloride of tin, assume a deep violet, ami when mordanted with iron a bluish-black 
or grey ; if mordanted with antimonic-ucid salts, a bluish-violet is obtained; silk 
luurdauted with tin salts takes a violet. 

‘ For calico-printing purposes the alcoholic extract suits better than the aqueous 
infusion. The colours produced are faster than those yielded by logwood, but they do 
not stand clearing witli soiip. 

* The colouring imitlt^r is yet, and was formerly far more so, in great request for 
the artificial colouration of wines. Latterly it has come into use as a dye-ware, and 
is chiefly so applied in Germany and more particularly in Bavaria.' 

M AIiMJM. A tree growing in Honduras. Its dried leaves are very powerfully 

* luoluding the estimated quantity need in l)eor exported. 

* Ou Uio 14th of August 18M, malt was uiode free of duty for distillery porposw and foc CKpOSta- 
tion, and ipirito wore aUowed to be distilled free of duty for exportation, 

” The Board of Tradt has not published any later return. 

VoL, IIL O 





194 


MAN.ENGINE 


narao^; the bai^ it, however, stated to possess some tonic properties. The flowers 
of the tree are used in flavouring a liqueur made in some parts of the West Indief?, 
called ovflMS dn erMsB, — Tem^. 

KMCmsvpft TUliOW. A name hy which naphthaline yellow is known 

in eommeree. 

lOkVfSMnnUUb. a large tree of a very poisonous character, growing in South 
America, and in some parts of the West Indies. The wood is of n yellow-brown 
colour, beantifolly clouded, and very close and hard. It is sometimes used instead 
^ mahogany. This tree is the Hippomane mainemeUa^ one of the Euphorhiacea 

XJkinZOOA. Cassava starch. See Stabch. 

MLAJf«3nf4BNDni. {Machine d! Ascension, Pr. ; Fahricimst, Gcr.) Tlie name 
given to a machine by which the men working in deep metalliferous mines are 
Miabled to descend or ascend without much fatigue. The labour of climbing from 
the bottom of the deep mines of the llartz and of Cornwall has long been known to 
produce an injurious effect upon the men. It has therefore long been deemed of the 
utmost importance to devise some means by which relief might bo afforded. 

It was not till 1833 that the circumstance of two water-wheels having been thrown 
out of work by the opening of the deep George adit in the Hartz mines suggested 
the idea of emplojung the pump-rods for aiding the asc*ent of the miners, and in siieh 
manner that every man should , as on the simple ladder plan, depend on himsedf 
alone for his safety; the ascent to be effected by means of the water-wheel s’ power. 
There was sufBicient room in the shaft, which was perpendicular, and an experiment of 
100 fathoms was set in operation. The rods were entirely of wood, of a very simple 
and solid construction. The spars were cut 4 x (>, and joggkid into each other one 
inch, and bolted together, so that the whole was 7x6: at the joints iron pbites 20 
inches long were put on and screwed together, so as to render tlie wljole equally 
strong; tearing asunder, as long as the timber remains sound, being nearly irnpossilile. 
The whole length was then divided into 22 stages, and from the to]> downward.*^, on 
alternate sides for each sUige, the stpj)s were fHSteiio<l, at distances of 4 feet, by iron 
rests. In like manner, hand-holds were fastened at convenitJUt distances. Between 
the two rods ordinary ladders were placed against one side of the shaft, for the sake 
of safety should anyone become confused, or should the machinery from any acci- 
dent stand still. On a given signal, tlu' machine was set in motion by the man 
at the engine, who regulates the supply of water aeconling to the number of meu 
on at a time. This number was not allowed to exceed 20 men for this machine (ex- 
cept in cases of necessity) although of sufficient strength to 6upi>ort a much groiitcr 
oumber. 

The perpendicular rods were supported at every stage by rollers, which v’ere always 
placed where there is no step. Tiiey were of fir, 10 inches long. 12 inches in tiiaineter. 
and a cast-iron flange of inch fastened !<• them ;it each end, to prt vtaii the rods 
slipping off; at fvc different points it was so arranged that the ro'is eouM not 
fall farther than to the next stiige, or at the iitmo>t 48 iiielus, that being the 
length of stroke. The ascent on the machine requires no deserijjtion ; the miners, 
after the second trial, felt familiar with it, nor was ilierc. any more dangrr tlian if 
they were on the ordinary ladder. ^I’liis machine, or ]>ov', r-lotldcr, was c.il -ulated 
ease the toil of ascent; but it has also been used in ^lescenllinL^ wlu n of conr.-c It 
requires little or no water to set it in niofion; jind in cases of want ot wait !-. t!ic 
descending miners might bring up the men -who had finislu d their shift, ilif wat. r- 
irheel only regulating the motion and overconnng friction and other ]>rijiulicl;il 
lesistancea. This first machine surimssed expectation ; short as the length of ascent 
waa, isany invalids of the district found n(;w sources of employment, and the dt sccnf 
by tliis was used by many, especially during winter, who could reach far-removtv,l 
miliea by underground communication. Gradually the most prejudiced were at- 
tracted to the machine, and it is received as a ble.s.sing. Thoroughly convinced of 
the excellence of the contrivance, 2(»0 fathoins of tlie 340 fathom.s of l)uke George 
Williara sbafti from grass downwards, were in 1838 provided with a power-ladder 
gimiliM* in conatrucrion to the above described, witli this difference <>n]y, that this 
being on the vein which falls at an angle of 70^, only certain disUinees of A, 8, 12 
fathomc are taken on the machine, and intermediate of A to 10 fathoms on tin? usual 
ladden, which divides the strain on the machine, jirovides against eatehing colds, 
and in eome degree against the danger of falling. Thus one of the deejiest shafts 
was rendered easy of ascent, more thau half the depth being furuished with power for 
raising the miners. 

In 1836 another machine was completed in the Schreibfeder Scliacht. Here the 
machine-rods must also serve as pump^rods in time of flood, and therefore the notion 
Cl making the rods of iron wire, thrown out bj Albert, could not be brought to bear, 
but a oombinatiou of timber and iron wire was adopted. The rods were of the best 
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Bpars jogglod,aB in the former cases; but in^the two grooves run in these there were let 
in two iron-wire ropes of 1 2 wires each. Tlie two spars were screwed tight upon the 
ropes, which were steeped in prepared tar. Thus the ropes formed a core to the 
wooden rt)ds, which in themselves were sufficiently strong for the strain, but the ropes 
wore a protection, should the wood decay, against any misfortune, while the wood 
gave sufficient stiffness to the rope-rod. These rods were not above half the weight 
of the former per fatliom. ° 

It was very fairly objected to this construction, that it was uncertain what strain 
came on the wood, what on the iron, and that damage on the iron wire could not be 
observed. 124 fathoms of the 265 were provided with a power-ladder of this con- 
struction. The ascont-on it is not continuous, but alternating, ns in the Duko George 
William shaft, so that of 143f fathoms, 1244 are by the machine, 19i on the fixed 
ladders. 

These being accomplished, several experiments were begun in 1836 to endeavour 
to arrive at a construction of rod, at once lighter and mechanically more perfect. 
First, a wire-rope ladder, as it were, laid along planks as a continuous bearing, and 
having here and there rollers, so atbiched as to keep the rope down on the planks, 
was tried. Steps and hand-holds were made fast to the rope, so that no injury 
resulted to the rope. The necessary stiffness was wanting, the small rollers were 
insufficient, and the planks were very rapidly worn. Second, a wire rod, as it were, 
of four ropes in a square, nine w'iros in a rope, with inch }x)ards on one side running 
on fixed rollers. The four ropes made a parallelogram of 6 and 7 inches, between 
which hand-hokis and stops wore fastened. The boards were protected by iron 
friction-pieces, where they ran on tho rollers; ten fathoms weighed 42'9 lbs., and 
cost about one hundred thalers, Tho only objection to this was, that the four ropes 
could not be depended upon as being equally strained. Third, Albert’s proposal to 
have two ropes of tho wire parallel to each other, 2-inch and 10-inch deals to bo 
attached to the back of these, without an^' other connection ; to let these run as 
usual on rollers, and fastening tho stops and hand-holds to the ropes. It was tried 
in Duke George William’s shaft, and found tho most noiseless and easiest in go, and 
on tho whole, most perfectly fulfilling the req^iircd conditions. This construction, with 
some modifications by M. Jor<lan, was finally determined upon, and has since been 
carried out rn tho Samson shaft, in Androasberg, 345 fathoms deep, and now to be 
particularly described. 

In this case there was the advantage and di.sadvant.age of having to provide 
everything for the express juirpose of the ascending machine. A new wheel-room 
ha<l to be (JXccuttKl, now watercourses to bo driven, new wheels to be built; — an 
advantoige, so far as the whole was perfectly adapted to tho end in view; a disadvantoige, 
inasmuch as tho oxpen.so was very gi-eatly increased. The fact, however, proves 
the imp(jrtanco attached to tho means of facilitating tho miner’s opt‘r;\tiou.s. Any 
furtluT ntontion of the arrangements for the necessary power, than that tho mover is 
water and tlio machincj an ordinary water-wheel, over-shot, 42 feet in diameter, 4 
feet on tho breast, making from two to two and a half revolutions per miniitt^. is un- 
necessary. I’ho letting-on of tho water is regulated from the top of the shaft, where 
thiTe is a miniature macliiiio moved by rods and gear, connected with the power- 
ladder, indicating exactly tho relative position of everything below ground. A .system 
of signals, too. has been adoj>tod, l>y which mo-'^t of tho circumstances occurring in 
connection with the working of the ladder can he immeiliately mado known above 
ground. Tho Spannschilfze, a sluico or pen-trough of admirable construction, is ap- 
plied to this wheel, as its load is very variable. Tho crank is 3 x G feet long, of east 
iron, and is attachoil by a connecting rod with framed rods that work the crosses at the 
shaft head in tho usual manner. 

The method of hanging the ladders deserves attention, as it is perfectly successful 
and very simple. In the history of tho machines thero have been several arrange- 
ments tried, but this is tho last and considered tho best. The power-ladders are 
hung on the cross-head of a knife-edge by two iron slings, 6x2 inches. They were in 
this ladder first hung by passing the ropes round a segmental fmme, but the friction 
of tho knifo-odgo induced a continual bending of the rope; through a very small 
angle, it is true, but such, that under its effects the wires gave way at tlio end of three 
months. This led to an arrangement by which tho ropes are bound between 
timbers bolted and screwed together, and thus the whole hung to the things above- 
mentioned. 

Perhaps tho most efficient construction would be the passing the ropes^ iQiiind 
an arched head, as was the connection between tho beam of the steann-engine and 
piston-rod of old, only passing the ropes over a greater segment than was or is 
customary. 

The ropes at tho top consist of 36 wires, viz., three ropes of 1 2 wires in Often ropOi ftnd 

o 2 
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tiMM tQgtHlier cable liud. In ihe timbers, grooves are cut of such dimensions that 
tbe aeveir bolts may have the effect of so pressing the timbers together, that the 
ropes are held in pl^ by the friction thus induced. The length of these timbers is 
4| ^Lthoms ; this grent length is a consequence of local circumBcaiiccs. 

The rope diminudies gradually, viz., four wires loss for each 60 fathoms descent. 


The estmiate of the strength required was made thus 

lbs. 

1 , The weight of the rope 6,000 

2. Weight of steps and handles, &c 2,2(K) 

8. Weight of 60 men . . . . . . 7.600 

4. 185 fathoms of deal and 90 fathoms slide-bar . . 0,796 


22,095 

A pd assuming that the double rope of 36 wires would bear, at the ufmo^f, 
2 X 36 X 1,100 lbs. 79,200 lbs., the load of 22,096 lbs, W'ould be 28 per cent, of the 
ultimate strength. 

For safety in case of the accident of tho power-ladder breaking, several good 
arrangements have been adopted, so that any serious accident is not likely to 
occur, should even a side of the power-ladder give way. At several parts of the 
length, the two sides of the ladder are connected together l)y a very strong cliain ; 
this chain passes over a fixed pulley ; and it is evident that, if on either side the ladder 
were to break above this, its fall, if not entirely checked, w’ould lx? very much 
broken by the counterbalancing weight of the other side, acting by ineaus of the 
chain. 

Again, at various stages there are wedge-shaped hkn-ks nttnehed to tho planks, in 
which are fixed the friction pieces, and these wedges would fall into wedge-shapod 
bearings, that are secured by limbering in the shaft, and s(j, having broken ut any 
point above these, the fall is limiud to 7 f»'t t at the utmost. 

In conclusion, it may be mentioned that in order to ascerUin the exact sh-ito of the 
wires, several pieces of the rope have been kept exposed in difien nt jmrtsof tho slnift; 
these are from time to time examined, but since 1837, when tlie ]»fAver-ladder (if 
iron wire was ert^ited in Andreasberg, the progress has been so very slow, that litt.Io 
is to be apprehended from tlie effects of rust, so long as care is taken to keep tho 
ropes properly tarred. 

The total cost of one side was 607 Prussian th/ilors, and therefore tho total cost 
of power- ladder was 1.214 thalers = 182^. 10s. 

The mines in Caruwall being as deep as those in tho Ilaitz, it became a question ot 
moment to adopt some machine for tlio relief of the mincT in that county. Medical 
men had long expressed their conviction that much of the lung disease jirevalt nt 
amongst the men working in the deep mine.s of the GM’- nnap district was due to the 
violent exertion of climbing on perpendicular ladders from a depth varying Irom 2u0 
to upwards of 300 fitiioms. At length tho subject was taken up by tlie Jvoyul Corn- 
wall Polytechnic Society, and a man-engine was introduced, which in most res})ecls 
resembl^ tho German power-ladders. 

The following is a short account of the priuci]»al |»hasos of its introduction, due 

entirely to the ready and generous initiative taken l>y tho PolyUichnie .Society : 

At the first general meeting of the society in 1834 Mr. Charh s J'ox offered three 
prizes for the perfection of the means then in use for the descent and the asecn- 
sioD of miners. The first project was that of Michael Loam the engim^er, tlie same 
who afterwards constructed the machine at Trosavean. Tlie competition remained 
open for many years; several plans were produced, and the prizes awarded. In 
1888 Mr. Fox offered 100/. to the first mine that would make a trial in tho desired 
way; this example was followed by other individuals, and the sum of 630/. was 
put into the hands of a committee, who were charged with sending circulars to 
the mines. The adventurers of Tresavean accepted the proixised conditions, and in 
Jannaiy 1842, two rods moving alternately, ccmducted by an hydraulic wheel, were 
working to a depth of 26 fiithoms. The steps W(fre 12 feet distant from each other, 
andea^ rod moved 6 feet; lio that the men changed their }>osition at each sle]>. 
By the advice of Mr. Loam, it was decided to substitute a steam-eugino for the hy- 
dmnlic wheel, so that the motive power could not fail, and ut tho same time it was 
judged advisable to increase the stroke of the rods 12 feet ; the number of the steps 
and the distance between them remaining the same, so that the men had only to 
diange at evsey other one, and the same number of miners could ascend and descend 
at ottoe. 

On October 25, 1842, the machine, thus modified, had attained to tho depth of 140 
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frthomii. and on June 20, 1843, it was finished ; its length being 290 fethoms, and 
the mine being at this time 311 fathoms deep below the adit 

The second man-engine was constructed by Hocking and Loam, in 1846, at the 
Great United Mines in Qwennap. The temperature was 120° Fahr. at the bottom of 
the mine, and it was an urgent necessity to diminish the fatigue of the miners as 
much as possible. They contented themselves with copying thfi plan which had suc- 
ceeded BO well at Trevesean, only making some slight diflferences in detail. 

In 1861 the late Captain Puckey and Mr. West, an engineer, adopted a new system 
for the Powey Consols mine. 

A single rod, furnished with steps, worked in the shaft ; a series of platforms are 
fixed at different parts of the shaft ; these have, like the steps, spaces of 12 feet 



between them, and they are placed on a level corresponding with the steps at the 
extremity of the stroke of the rod. The miner, quitting on© step, waits on the plat- 
form until the next reaches him. This man-engine can also bo used at the same 
time by miners ascending and by miners descending. The stoppage at the plat- 
form is of sufficient length for one man to pass on to the step which another has just 
abandoned. 

The machine with a single rod has been since applied by Mr. Hocking to Levant 
mine, and in 1854 to that of Dolcoath. It may thus be considered as being now the 
most used in Cornwall, and it possesses on incontestable superiority over machines 
with two rods. 

The man-engines in the Cornish mines are so much alike in their construction, that 
it is quite unnecessary to describe each of tliem. Their geneml characters will bs 
understood by examining llio accompanying woodcuts, 1430 and 1481. 

At Powey Consols the machine is worked by a water-wheel fif about 50 horse-power. 
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iit all the oCher man-eagineB arc worked by the ordinary Cornish steam-engine, that 
I, with a cylinder rertical and balanced ; and always double-acting. The outer end 
f the beam of the madiine is attached by a sweep-rod to two small wheels which are 
itoated on the shall ; these drive two larger wheels, so that the engine makes several 
trokas to one revolution of the wheels. In some of the mines the engine, besides 
giving motion to the* man-engine, is used for crushing the ores and performing 
►ther work, while in others it is merely employed for raising and lowering the 
ninera. The rods are generally about 7 or 8 inches square, sliglitly decreasing in 
nse as they descend. When there are two rods the steps are so placed that there 
is a distance of about 6 inches between them when the man passes from one to the 
other. The weight of the rod is counterbalanced sometimes by lovers and sometimes 
by balance-bobs attached to it in clijfferent levels. The greatest object gained in the 
use of levers is a considerable saving in expense, both in the materials of which 
jthey are made, and in the size of the piece of ground that must he excavated to 
receive the balance-lx)bs. There are twelve feet of space between the step on the rod, 
and 4 feet above each step are round bars of iron fixed vertiwilly into the rod, to serve 
as hand-holds, and maintain the miner in his position on the step with perfect safety. 
In case of accident happening to any part of the machinery, there are catches placed 
at every few fathoms, so that tl^e fall cannot be grent. 

The man-engine with a single rod is generally used in Cornwall, because it posscs.^^cs 
so many advantages over that with two : the expense of erection is much less, it 
enables the miner to mouut and descend in as short a space of time, and the number 
who can do so per minute is doubled ; the work performed by the machine is also 
increased. There are signals connected with the man-engine, by whicli the miner can 
communicate with the surface from ever}’ plat form. 

The usual speed of the engine is lo strokes per minute, by wliicli each rod makes 
3 strokes during that time. Therefore, the rate at which it travels is 12 f;itli<tms 
per minute ascending and descending : this speed enables a miner to travel in 24 
minutes a space that he would otherwise take 60 minutes to perforni. In case of 
any accident happening to the man-engine, tliere are always ladders placed by the 
side of it ; sometimes they only go from platform to platform ; in other mines there 
are bars nailed on the rod, so that the miner can climb on them until ho regjiins the 
principal ladders. 

The man -engine p 08 se.sses almost innumcralde advantages over the ladders ; the 
greatest is the immense saving of fatigue to the miner. When there are only ladders 
in a mine, he sometimes takes an hour or more to reach the place where he is wtirking, 
and then only with immense bodily exertion ; on a man-engine he can reacli the same 
place in about a third of the time, and as free from fatigue and ready for hard work 
as when he started from the surface. Even those who have never been in a mine 
cannot but appreciate the groat blessing this simple invention is to the miners, if 
they have only seen the exhausted stiite in which they reach Lbe surface after having 
ascended by ladders from any great depth. At first it was feared the man-eiigim* 
might be dangerous, that the speed at w’hich it worked would not allow time f«»r the 
men to step from one platform to another, but after one or two trials it was found tlait 
no fears need be entertained on that account, and it was pronounced by the nniicrs a.s 
perfectly safe as ladders. 

In 1845 M. Warooqu^ constnicted similar macliiuos in Belgium. Those have been 
described in the Revue Sdcntijique ct under the several den«)minati()nK 

of ^Fahrkunst,* ‘Man-Engine,’ ‘ Waroequiere,’ ‘Machine d'Ascension,’ and ‘ Kchelles 
Mobiles.’ The first application was made, as we have already said, by M. Waroeque 
at the pit of St. Nicholas, belonging to the colliery of Mariemont, to a depth of 220 
mtoes — about 240 yards. A full account of these inacliincs will be found in tiie 
Anmaki diss TVatmue puHict^ tome v., p. 79, l)y M. Delvaux de J'onfte ; in tlu? 
TreAU ^EgphUatkm by M. Combes ; Roticc sur he AppareiU de rranelatwn dee 
Muuum dm Us Puiia, W M. A. De Vaux ; also in the Annales des IVavaux puUks 
de Belffipte ; and by M. Moissenet in the Annales des Mines, 

WAmMorATMi yitmMAwaAjrATMs % eonira mm. Dr. 

HofinuuiD, in his report on the chemical products of the Exhibition of 1862, has the 
lidlowing ainallsiit rsmarks on toilMe saline oxidising disinfectants. Of this variety 
€d oaddising ^nfisetants the alkaline man^nates and permanganates are the best 
aoEiaipies ; and in this eaxsorg dutch, attention may be confined to these as types of 
IlieirclaBB. 

Mhsiim Msmgmatss and l^srmanganaies . — Chemists have long known and turned 
la ttfleoBiit, kk mboratofy operations, the powerfiil oxidising action of tlic salts of 

S guiie ackL The ramdity and definiteness of their action, and the marked 
«€ eoloor hy wlach WAt loss of oxygen is attended, renders these compounds 
bto as inaUramenta of analytical researches. And the same properties, coupled 
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rith their perfectly innocuous character, adapts them admirably for disinfecting pyuf- 
oses. Their action is certainly superior to that of chloride of lime and aUcaline 
ypochloritc s ; for although these are also oxidising disinfectants, they act indirectly 
)y decomposing water, from which the chlorine takes hydrogen to form hydrochloric 
icid, thus liberating oxygen for the supply of the putrefying matter. The man^ 
lates and permanganates, on the contrary, are agents of direct oxidation, yielding 
ip, as they do, part of their own oxygen to the combustible elements of putrescible 
!orapounds. The manganates thus supply one-fourth, the permanganates no less than 
hreo eighths, of the oxygen they respectively contain, peroxide of manganese being 
n both cases precipitated, and the alkaline base remaining in solution in the form of 
jarbonate. 

ThMr Efficacy/ as Disinfeciants. — Dr. Hofmann has had many opportunities of 
satisfying himself of their efficacy as disinfectants. Waters taken from stagnating 
ponds highly charged with organic matter in a state of most active putrefaction, and 
emitting the most repulsive odour, were instantiineously deodorised by a compara- 
tively small quantity of permanganate, or even manganate of potassium or sodium. 
After the brown precipitate of peroxide of manganese had been allowed to subside, 
tlic waters examined by Dr. Hofmann had become perfectly clear and colourless, 
having permanently lost their offensive smell and taste. The taint of some of these 
waters had survived the action of even very consichTable quantities of the usually- 
applied metallic salts. Tlieir deodorisation by cdiloride of lime was likewise ittpid 
and permanent ; but, tliough entirely deprived of their original putrid odour, the 
chlonne-tK^ated waters retained a faint, peculiar smell, probably due to the chloride 
of nitrogen, generated by the action of free chlorine upon their ammoniacal consti- 
tuents. 

For freeing river or other waters from ammoniacal impregnations, the disappear- 
ance of the colours of tlie manganates and permanganates, in proportion as their 
oxidising action goes on, particularly adapts them. By the fading of the colour 
(emerald, if manganate is us(*<l; purple, if permanganate) the operator can follow 
the process of oxidation, and graduate his additions with the utmost accuracy. By 
Ciirc'ful manipulation he may completely free the water from organic impurity, intro- 
ducing into it, in exchange, only a minuto quantity of an alkaline carbonate. This 
is rarely an objt^ctioiiahle, frequently rather a serviceable, addition ; especially in the 
case of hard waters, which are thus softened. 

Tiu’ir utmor npijlicafious , — The innocuous character of these substances has already 
been referred to; and it is not the least valuable of their properties. It permits 
of their being used for a variety of purposes to which disinfectants have hitherto 
been almost entirely inapplicable. Among them are some of great value, such as 
disinfection of all parts of the living animal body (deodorisation of the breath, dis- 
infection of ulcers, wounds, &c.). Scarcely less important is the service they are 
capable of rendering to the vegetable organism when suffering from blight and 
similar peruicious influences. They may also be advaiibigeously employed for the 
purification of tainted provisions, &o. Jt may be of some interest to the smokers of 
tobacco to know that by rinsing out the mouth with a dilute solution of permanganate 
of sodium every trace of the odour of tobacco is almo.st instantaneously got rid of. 
Among the numerous applications of minor importance which Mr. Condy^ suggests 
for the niiirigaiiic disinf. ctaiits is their uso by wiiic-tasUirs for refreshing their palates 
when engaged in the important duties of their profession. They are also said to 
subdue the irritation caused by the bites of gnats and other still more disagreeable 
insects. 

The manganic disinfectants arc thus seen to possess a combination of properties 
which in many <*ases iiiav render thtu'r application preferable to that of the hypo- 
clilorites. These latter, fiowever, liave the superiority as atmospheric disinfectants, 
on jiecount of their exluilation of chlorine gas, in a more or less dilute state, when 
acted on by acids, or acid salts, or even by the atmosphere itself. This property of 
cliloride of lime will always secure it a field of application, in which it is not likely 
to be superaeded by non-volatile disinfeefiints of any kind. 

Their Manufacture . — It only now remains to say a few words concerning the manu- 
facture of the alkaline manganates and permanganates, which is accomplished by U 
very simple and easy process. 

For laboratory purposes tlie potassic permanganates are usually preferred to the 
corresponding scidic compound, on account of the superior crystallising propertiee 
tlie former salt, and the facilities thus afforded for its purification. For induetrial 
purposes, on the other liand, where cJieapness is ffir more important than perfect 
purity, the mauganato and pt»rmaiiganato of sodium are always used. Jdr, Ooody 
manufactures manganates of sodium simply by mixing caustic soda with ffnely* 
divided peroxide of manganese, and exposing the mixture in shallow vessels, im 
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46 to a doll rod heat. The proportions employed by Mr. Condy are IJ 

ton of aoda-ash, eanstified in the usual way, to 7 cwts. of peroxide of manga- 
nese. The product of the reaction is treated with a sufficient quantity of water to 
ooBvert (partly, at all eTents) the manganate into permanganate ; and the solution is 
•TaporaM to an appropriate state of concentration or to dryness. In some cases 
Mr. Ck>ndy transforms the manganate into tlie permanganate by the addition of 
sulphuric add. On evaporating the solution thus formed, crystals of sulphate of 
aodium aeparate ; these are fished out, and the liquid is ultimately boiled down to 
dryness. See Disinfectants. 

MAVOAVaSB (Eng. and Fr. ; Manga% Braunsteinmctall, Ger.) is a greyish- 
white metal, of a fine-grained fracture, very hard, very brittle, with considerable 
lustre, of specific gravity 8 0 13, and requiring for fusion an extreme heat. It 
should be kept in closely-stoppered bottles, under naphtha, like potassium, because 
with contact of air it speedily gets oxidised, and falls into powder. It decomposes 
water slowly at common temperatures, and rapidly at a red heat. Pure oxide of 
manganese can be reduced to the metallic state only in small quantities, by mixing 
it with lamp-black and oil into a dough, and exposing the mixture to the intense heat 
of a smith a forge, in a luted crucible ; which must bo shaken occasionally to favour 
the agglomeration of the particles into a button. Thus procured, it contains, however, 
a little carbon. Some improvements in the reduction of manganese have recently 
been effected by Mr. Hugo Tamm. 

Manganese is suppos^ to perform an important part in the compound of iron, 
known as Spi^eUiaen, which is now so largely employed in the manufacture of the 
Bessemer Steel. See Spieoeleisen and Steel. 

MAMCkAJTBBB, OBB8 OF. There are two principal ores of this metal, which 
occur in great masses ; the peroxide, and the h^'drated oxide ; but all the ores of 
manganese are described in the following paragraphs : — 

Pgrolusite, or grey manganese ore, has a metallic lustre, a steel-grey colour, and 
affords a black powder. Specific gravity 4*86. Scratches calc-spar. It effervesces 
briskly with borax at the blowpipe, in consequence of the disengagement of oxygen 
gas. This is the most common ore of manganese, and a xory valuable one, being the 
substance mostly employed in the manufacture of chloride of lime and of flint glass. 
It is the peroxide. It contains manganese. 63*3 ; oxygen. 36*7. Great quantities 
are found near Tavistock in Devonshire and Launceston in Cornw'all. 

Brauniie is a dark brown substance of glassy metallic lustre, affording a brown 
powder. Specific gravity 4*8. It scratches felspar, but is scratched by quartz. In- 
fusible at Uie blowpipe, and effervesces but slightly when fused with glass of borax. 
It is the sesquioxide, containing manganese, 69*68 ; oxygen, 30*32, It gives out at a red 
beat only 3 per cent, of oxygen. Hausmaiinite is a rarer ore, consisting of the protoxide 
and sesquioxide of manganese. 

Manganitt is brownish -black or iron-black, powder brown, with somewhat of a 
metallic lustre. Specific gravity 4*3. Scratches fluor-siwr. Affords water by cal- 
cination in a glass tube , infusible at the blowpipe ; find effervesces slightly when 
fused with glass of borax. It consists of manganese, 62 08 ; oxygen, 27-2 ; water, 
10*10 ; and is therefore a hydrated sesquioxide. 

Manganese-blende, or sulphide of manganese, has a metallic aspect : is black or 
dark steel-grey. Specific gravity 3*95. Has no cleavage ; cannot be cut. Infusible, 
but affords, after being roasted, distinct evidence of manganese l)y giving a violet 
tinge to soda at the blowpipe. Soluble in nitric acid ; solution yields a white pre- 
cipitate, with the ferrocyanide of potassium. It consists of sulphur, 37 '90 ; manga- 
nene, 62*10. 

lHalU)giU ; Carbonate of Manganese. Specific gravity 3*4. Affords a green frit by 
fdiion with carbonate of soda; is soluble, with some effervescence, in nitric acid; 
ndntion, when fireed from iron by succinate of ammonia, gives a white precipitate, 
with ferrocyanide of potassium. Carbonic acid, 38*20 ; protoxide of manganese, 61*80. 

RkodoniUf or Hgarogilicate of Manganese, is a brownish -red-looking substance, 
which fields a yellowish-brown powder, and w'ater by calcination ; is acted on by 
mnriatiC add, bat affords no chlorine. It consists of silica, 45 ; protoxide of manga- 
aesa, 64*1. 

Wad, or Mamganese, is the old English name of the hydratsd peroxide of 
tnanganesa. H oocnrs in rarions imitative shapes, in froth-liko coatings upon other 
adftscds, as also ttassive. Some varieties possess imperfect metallic lustre. The 
ttEtemal colour is a dank brown of various shades, and similar in the streak, only 
^Bing. It is opaque, very sectile, soils and writes. Its specific gravity is about 3*7. 
Mixed with linseed-oil into a dough, black wad forms a mass that spontaneously in- 
Mwas ii The localities of wad aiB particularly Cornwall and Devonshire, the Hartz, 
igdBladBioiit Wadfrtan Devonshixe gave— oxide of manganese, 79*12 ; oxygen, 8*82 ; 
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The manufacturer of flint glass uses a small proportion of the black manganese tare, 
to correct the green tinge which his glass is apt to derive from the iron present in the 
sand ho employs. To him it is of great consequence to get a native manganese con- 
taining as little iron oxide as possible ; since, in fact, the colour or limpidity of his 
product will depend altogether upon that circumstance. See Glass. 

The peroxide of manganese is used also in the formation of glass-pastes, and in 
making the black enamel of pottery. 

The restoration of manganese to the state of peroxide, for the chemical arts in 
which it is so extensively consumed, has been long a desideratum in manufac- 
tures. 

The chief use of ‘ manganese * (binoxido of manganese) is in the manufacture of 
chlorine for bloaching-powder. The spent manganese may now bo regenerated by 
Mr. Walter Weldon’s process. See Chloiunk. 

Sulphate of manganese has of late years been introduced into calico-printing, to 
give a chocolate or bronze impression. It is easily formed by heating the black oxide, 
mixed with a little ground coal, with sulphuric acid. See Calico-Puinting. 

For some of the other uses of manganese in the arts, see Bleaching and Chloko- 

METRY. 

For a simple method of ascertaining the value of this substance in the produc- 
tion of chlorine, and the manufacture of the chlorides and chlorates, see Chloro- 

METHY. 

Imports of manganese in 1869-72, and 1873: — 



1869 

1870 

1872 

1873 j 


Ton* 

Computed 
real ralue 

Tom 

Computed 
real raluc 

Tom 

Computed 
real value 

Tom 

Cumputcd 
real value 

From Holland , 

„ Portugal 

,, Sjuiin . 

„ (Jrceoo . 

„ other parts . 

8,79.1 

10,44.’> 

27,667 

4,612 

£ 

30,776 

52,225 

138,335 

li556 

0,7551 

9,296 

13,3*29 

3,325 

& 

28,702 

46,480 

66,645 

15,232 

6,400 

12,569 

19,502 

1,373 

£ 

24,693 

75,650 

114,215 

8*672 

913 

6,492 

16,026 

950 

1,397 

£ 

4,689 

39,090 

92,0-47 

5,700 

9,457 

Total 

61 ,.51 7 1 

236,892 

32,703 ! 

154,069 

I 38,934 

223,230 

26,777 

150,983 


MAlTGAirBSli, OUBBS OF. Manganese is susceptible of five degrees of 
oxygenation : — , 

1. The Frotoxide may bo obtfiined from a solution of the sulphate by precipitatioL 
with carbonate of potash, and expelling the carbonic acid from the washed and dried 
carbonate, by calcination in a close vessel filted with hydrogen gas, taking care that 
no air have access during the cooling. It is a pale-green powder, which slowly 
attracts oxygen from the air, and becomes brown ; on which account it should be 
kept in glass tubes containing hydrogen, and hormoticuily sealed. It consists of 
metal, 77 d7 ; oxygen, 22*43. It forms, with 24 per cent, of water, a white hydrate ; 
and with acids, saline compounds, which are white, pink, or amethyst coloured. They 
have a bitter acerb t^isto, and afford with hydrogenated sulphide of ammonia a flesh- 
red precipitate, but with caustic alkalis one which soon turns brown-red, and eventu- 
ally black. 

2. The Sesquioxide of Manganese exists native in the mineral called Braunite ; but 
it may be procured either by calcining at a red heat the proto-nitrate, or by sponta- 
neous oxidisement of the protoxide in the air. It is black ; when finely pulvarised, 
dark brown ; and is convertible, on being heated in acids, into protoxide, with disen- 
gagement of oxygen gas. It consists of metal, 69*75 ; oxygen, 30*25. It forms with 
10 per cent, of w'ater, a liver-brown hydrate, which occurs native under the name of 
Manganitc. It dissolves readily in tiirtaric and citric acids, but in few others. This 
oxide constitutes a bronze ground in calico-printing. 

3. Peroxide of Manganese^ or PyrolusitCj occurs abundantly in nature. It gives out 
oxygen freely when heated, and becomes an oxidulated dcutoxide. It consiste of 
metal, 63*86 ; oxygen, 36*64. 

4. Manganic Acid forms green-coloured salts, but has not hitherto been insulated 
from the bases. It consists of metal, 53*55 ; oxygen, 46*46. 

5. Hypermanganic Acid consists of metal, 49*70; oxygen, 50'30. See Watts's 
‘ Dictionary of Chemistry.’ 

KAVOBB. {Calandre, Fr.; Mangel^ Ger.) This is a well-known machine far 
smoothing linen and cotton furniture. As usually made, it consists of an oblong, 
rectiinguJar wcKjden chest, filled with stones, which load it to a degree of mesBiire that 
it should exercise upon tho two cylinders on which it rests, and whiw, by roUiag 
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btc&wftfds tad forwards over the linen spread upon a polished table underneath, 
render it amooth and level. The moving wheel, being furnished with teeth upon both 
eurfaeee of its periphery, and having a notch cut out at one part, allows a pinion, 
uniformly driven in one direction, to act alternately upon its outside and inside, so 
as to cause the reciprocating motion of the chest. This elegant and nuioli- admired 
jSnglish inveoti<m, called the mangle* wheel, has been introdueeil with groat advantage 
into the machineiy of the textile manufactures. 

Mr. Wapcup, of 3>artford, obtained a patent several years ago for a, mangle 
in which the linen, being rolled round a cylinder revolving in stationary bearings, 
is pressed downwards by heavy weights hung upon its axes, against a curved 
bed, made to slide to and fro, or traverse from right to loft, and left to right, 
alternately. 

Mr. Hubie, of York, patented in June 1832 another form of mangle, consisting 
of three rollers placed one above another in a vertical frame, the axle of the upper 
roller being pressed downwards by a powerful spring. The articles intended to 
be smooth^ are introduced into the machine by passing them undtr the middle 
roller, which is made to revolve by means of a fly-wheel ; the pinion upon whose 
axis works in a large toothed wheel fixed in the shaft of the same roller. The 
linen, &c. is lapped, as usual, in protecting cloths. This machine is merely a small 
Calkndbr. 

MAVQJtOVS* Several tropic/il tree.s yield woods to whicli this name has 
bceu applied. Colonel G. A. Lloyd informs us, that ‘the timbers are very much 
valued for ship-building; and a large quantity comes from Crab Island and Porto 
Kico.’ Most of the mangroves belong to the Bhienphoraerfr. 

MAVXXJUL* One of the hemps, derived from the Musa icxHlis. Sec HfiMr. 

lUjrZOO is the Indian name of the nutritious matter of the shriil) Jairepha 
Manihot^ from which cassava and tapioca are made in the West Indies. Sec Cassava ; 
Tapioca. 

lUJnfA. is the concrete saccharine juice of the Fr(Kr}}(Vfi orvus, a tree much 
cultivated in Sicily and Calabria. It is now little used, and that only in medi- 
cine. 

M A lf M W I flf OO&Bi A brass, containing 80 per cent, of copper and 20 per 
cent of zinc. 

aiAJnm. Under the auspices of the British Association, Professor Liel»ig, in tljc 
year 1840, first promulgated his views on agriculture, from v liich date we m.'iy trnee a 
spirit of investigation into it, such as had not previously exisU‘d in this country. Among 
other lalourers in this field, we mu.‘it stite that Mr. J. P>. Law(*s, of Kothamstcad in 
Hertfordshire, was occupied several years prior to the first edition of Proft ssor Liebig's 
work, in investigating the action of different chemical combi iiation.s when applied as 
maoures to the more important crops of the farm; and liaving ever since continued 
his experimental researches with all the lights of science witli whicli lie is familiar, 
aided by Dr. J. H. GilWt, a skilful analytical diemist. he has l>een a]»le to arrive at 
conclusions of greater value and precision tlian the merely theoretical determinations 
of the German Professor. In the course of tliis inquiry, the whole tenor of the 
results of Messrs. Lawes and Gilliert, and also of information derived from inUdligiuit 
agricultural friends, upon every variety of land in Great Britain, lias forced upon 
them opinions diflferent from those of Professor Liebig, on some important points ; 
and more especially, in relation to his so-called ‘mineral theory,’ which is cmbcxlied 
in the following sentence, to be found at page 211 of the tliird odititm of Lis -work on 
Agricultural (^mistiy, where he says • Uie crops on a field diminisli or increase 
in axgct proportkm to the diminution or increase of the mineral substances c(»ijvey(‘d 
to it io Biniiure.’ 

Of Um vast importance, both in a scientific and practical point of view, of correct 
Ideas on the subject here at issue, a judgment may la; formoil from the manner in 
which liabig himself speaks of the mineral theory in this edition of his ‘I^etters on 
Chemistry.* Thus he says of the agriculturists of England, tliat ‘ sooner or latter 
they most see that in the so-called mineral theoiy% in its development and ultimate 
petieettoiiy lies the whole future of agriculture.* Messrs Lawes and Gilbert published 
the following paper in reply to Liebig. It is of so im]x>rtaut a nature that, acting 
on Um advice of the best authority in ^is country, it Inis been ret.ained : — 

* Looking upon the sul^t in a chemical point of view only, it would seem that an 
•ttolyris of the soil upon which crops were to be experiment.al]y grown, ns well as 
a knowledge of the composition of the crop, should be the first points ascertained, with 
tim Tiewof deckting in what constituents the soil was deficient ; and, at the commence 
moot of our more sjwtematic course of field expriments. the iinfsirtance of those points 
mit canfriily considered. When we reflect, however, that an acre cf soil six wcIh« 
be eomputed to wri|^ about 1, 844^000 lbs. (thou^ the roots of plants take a 
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much wider range than this), and teking the one constituent of ammonia or fntaai|^ as 
an illustration, that in adding to this quantity of soil a quantity of ammoniaeal salt, con- 
taining 100 lbs. of ammonia, which would be an unusually heayy and very effective 
dressing, we should only increase the percentage of ammonia in the soil by 0-0007, it 
is evident that our methods of analysis would be quite incompetent to appreciate the 
difference between the soil before and after the application, —that is to say, in its state 
of exhaustion, and of highly productive condition, so far as that constituent is con- 
cerned ; and, from our knowledge of the cflfects of this substance on wheat, we may 
confidently assert that the quantity of it supposed above would have given a produce 
at least double that of the unmanured land. The same kind of argument might, indeed, 
be adopted in reference to the more important of those constituents of a soil which are 
found in the ashes of the plant grown upon it, and we determined, therefore, to seek 
our results in another manner. Indeed, the imperfection of our knowledge of the pro- 
ductive quality of a soil, as derived from its percentage composition, has been amply 
proved hy tlio results of analysis which have been published during the last ten years ; 
and in corroboration, w-o need only refer to the opinions of Professor Magnus on this 
subject, w-ho, in his capacity of chemist to the ‘ Landes-Oekonomie Kollegium’of 
Prussia, has published the result of many analyses of soils. The truth is, that little is 
as yet known of what a soil either is, or ought to be, in a chemical point of %dew ; but 
when we call to mind the investigations of Professor Mulder in relation to the organic 
acids found in soils, and of Mr. Way and others as to the chemical and physical pro- 
perties of soils in relation to the atmosphere and to saline substances exposed to 
their action in solution, we may at least anticipate for chemistry that she will ere 
long throw important light on this interesting but intricate subject. 

‘ In our field experiments, then, wo have been satisfied with preserving specimens of 
the soils which were to be the subjects of them, and have sought to ascertain their de- 
ficiency, in regard to the production of different crops, by moans which we conceive to 
bo not only far more manageable, but in every way more conclusive and satisfactory in 
their result. To illustrate : What is termed a rotation of crops is at least of such 
universality in the farming of Great Prit<iin, that any investigation in relation to the 
agriculture of that country may safely bo grounded on the supposition of its adoption. 
Ix^t us, then, direct attention for a moment to some of the chief features of rotations. 
What is called a course of rotation is the period of years which includes the circle of 
all the different crops grown in that rotjition or alternation. The crops which thus 
succeed each other, and constitute a rotation, may be two, three, four, or more, varying 
with the nature of the soil and the judgment of the farmer ; but whatever course be 
adopted, no individual crop — wheat, for example — is grown immediately succeeding 
one of the same description, but it is sown again only after some other crops have 
been grown, and at such a period of the rotation, indeed, as hy experience it is known 
that the soil will, by direct manure or other means, have recovered its capability of 
producing a profitable quantity of the crop in question. 

‘ On carefully considering these cstiihlished and well-known facts of agriculture, 
it appeared to us that, by taking soils either at the end of the rotation, or at least at 
that period of it when in the ordinary course of fanning farmyard manure would be 
added be fore any further crop would be grown, we should then have the soils in what 
may be termed a normal, or, perhaps better still, a practically and agriculturally 
exhausted, state. 

‘ Now, if it is found, in the experience of the farmer, that land of any given qua- 
lity, with which he is well acquainted will not, when in this condition of practical 
exhaustion, yield the quantity he usually obtains from it of any particular crop, but 
that after applying farmyard manure it will do so, it is evident that if we supply to 
different plots of this exhausted land the constituents of farmyard manure both indi- 
vidually and combined, and if by the side of these plots we also grow the crop both 
without manure of any kind and with farmyard manure, we shall, in the comparative 
results obtained, have a far more satisfactory solution of the question as to what con- 
stituents were, in this ordinary course of agriculture most in defect in respect to the 
proportion of the particular crop experimented upon, than any analysis of the soil 
could have given us. In other words, we should nave before us very good ground 
for deciding to which of the constituents of the farmyard manure the increased pro- 
duce was mainly due on the plot provided with it, in the case of the particulu crops \ 
not so, however, unless the soil had been so far exhausted by previous croppi^ as to 
be considered practically unfit for the growth of the crop without xnanure. W® lay 
particular stress on this point, because w'e believe tliat the vast discrepancy in the 
results of comparative trials witli different manures, by different experiments, arises 
more from irregularity in what may be called the capital of the soil, thanftom 
irregularities in the original character of the soil itself, or from any other canse, 
nnl^ we Include the frequent faulty methods of application. 
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* It then, lathis rather than bj the analytic method that we have sought 

our rtanlts : and in the canring out of our object we hare taken as the typo of 
the esreof crops, tumi/fs as the type of the roo/ crops, and deans as the representative of 
the l0^fftmous com crop most frequently entering into rotation ; and having selected 
iior each of these afiddwhich, agriculturally considered, was cshatistcd, we have grown 
the same description of crop upon the simr land, year after year, with different chemical 
maDUTM, and in each case with one plot or more continuously unmaniired, and one 
supplied every year with a fair quantity of farmyard manure. In this way 1 4 acres 
hare been devoted to the c6ntinuous growth of wheat since 1 843, 8 acres to continuous 
growth of turnips from the samo date, and 5 to 6 acres to that of leguminous corn crops 
since 1847* And of field experiments, beside these, which amount in each year to from 
80 to 40 on wheat, upwards of 90 on turnips, and 20 to 30 on beans, others have boon 
made, vin. some on the growth of clover, and some in relation to the chemical circum- 
stances involved in an actual course of rt)tation, comprising turnips, barley, clover, and 
wheat, grown in the order in whicli they are here stated. 

‘ It may be stated, too, that in addition to these experiments on wheat, and the other 
crops usually mown upon the farm, as above referred to, we have for several years been 
much occupiea also with the subject of the feeding of animals, viz. bullocks, sheep, and 
pigs ; as well as in investigating the functional actions of the growing plant in relation 
to the soil and atmosphere ; and in connection with each of these subjects much labo- 
xatoiT labour has constantly been in process. 

‘ The scope and object of our investigation has been therefore to examine in the field, 
the feeding-shed, ana the laboratory, into the chemical circumstances connected with 
the a^^culture of Groat Britain in its four main features ; namely — 

* First, the production of the cereal grain crops ; secondly, that of root crops ; thirdly, 
that of the leguminous com and fodder crop ; and, fourthly and lastly, that of the con- 
sumption of food on the farm, for its double product* of meat and manure. 

* ^ much then for the rationale and general plan of tlie experiments themselves, 
and we now propose to call attention to some of the results whicli they have afforded us. 

* It is to field experiments on wheat that we shall chiefly confine our attention on 

this occasion ; for wheat, which constitutes the principal food of our population, is 
with the farmer the most imjiortant crop in his rotation, all others being considered 
more or less subservient to it ; and it is, too, in reference to the production of this 
crop in agpcultural quantity that the mineral theory of Baron Liebig is perhaps 
more prominently at fault than in that of any other. It is true, that in the case of 
vegetation in a native soil manured by art. the mineral con^tituclJts of the plant s being 
furnished from the soil, the atmosphere is found to be a sufficient source of the 
nitrogen and carbon ; and it is the supposition that these* circumstances of natural 
vegetation apply equally to the various crops when grown under cultivation that has 
led Baron Liebig to suggest that, if by artificial means we accumulate w’ithin the soil 
itself a sufficiently liberal supply of those constituents found in the ashes of the plant, 
essentially soil constituents, we shall by this means be able in all cases to increase 
thereby the assimilation of the vegetable or atnios|)heric constituents in a degree 
sofficient for agrictdtural purposes. But agriculture is itself an artificial i>roce.‘<s ; 
and it will be found that, as regards the production of wheat more (.‘Specially, it is only 
by the accumulation within the soil itself of nitrogen naturally derived from the atmo- 
sphere, rathOT than of the peculiarly soil constituents, that our crops of it cjiu bt^ 
increased. Mineral substances will, indeed, materially develope the accumulation of 
vegetable or atmo^heric constituents when applied to some of tlie crops of rotation ; 
and It is thus chiefly that these crops become subservient to the growth of the cereal 
grains; but even in these cases it is not the constituents, as found colie-ctively in the 
odm (ftke plants to he grown, that are the most efficient in this respect ; nor c.aii the 
demaiid which we find thns made for the produ(ition of crops in agricultural quantity 
be accounted for hy the mere idea of supplying the actual constituents of the croj). 
It would seem* therefore, that we can only arrive at correct ideas in agriculture by a 
close emuniaataon of the actual circumstances of growth of each particular crop when 
gt own under cultivation* We now turn to the consideratirm of our exp(;rim(mts upon 
thlf snljeet. It has been said that all the experimental fields were selected when tliey 
wane in a state of agricultural exhaustion. The wheat fields, however, after having 
bean manured in tbe usual way for turnips at the commencement of tlie previous 
rotation, bad then grown barley, peas, wheat, and oats, without any further munuring ; 
•0 tint when taken for experiment in 1844, it was, as a grain-producer, considerably 
IMSO would endinarily be the case. It was, thcr^ore, in a most favour- 

akio cendirion tar the purposes of our experiments. 

*ln the first experimental season, tbe field of 1 4 acres was divided into about 20 plots, 
til It tfts by Uie minmU tkeorg that we were mainly guided in the selection of 
pMMf : nuBoal manures were tbmore employed in the majority of cases. Ammonia, 
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on tho other hand, being then considered of less importance, was used in a few 
instances only, and in these in very insignificant quantities. Rape-cake, as being a well- 
recognised manure, and calculated to supply, besides some minerals and nitrogen, a 
certain quantity of carbonaceous substance in which both corn and straw so much 
abound, was also added to one or two of the plots. 


Table I . — Harvest 1844. Summary. 


hressed com 
per acre, 
in bushels 
and pecks 

1 Total 
com 
per acre, 
in lbs. 

Straw 
per acre, 
in lbs. 

bush, pecks 

lbs. 

lbs. 

16 0 

023 

1120 

22 0 

1276 

1476 

16 0 

888 

1104 

16 1 ! 

980 

1160 

17 3i 

1096 

1240 

16 

1009 * 

1155 

21 0 

1275 

1423 

18 q 

1078 

1201 

22 3i 

i 1368 

1768 


Poscrlption of the manures 


Plot 


4. 

8 . 


3. Unmanured . . • » 

2. 14 tons of farmyard manure 

Tlio ashes of 14 tons of farm manure 
Minimum produce of 9 plots, with ar- 
tificial mineral manures . 

Superphosphate of lime, 350 lbs. 
Phosphate of potass, 364 lbs. 

„ lo. Maximum produce of 9 plots with ar- 
tificial mineral manures . 

Superphosphate of lime, 350 lbs. 
Phosphate of magnesia, 168 lbs. 

„ potass, 150 lbs. 
Silicate of potass, 112 lbs. 

Mean of the 9 plots with artificial mineral ma- 
im re.s 

Mean of 3 plots with mineral manures, and 65 
lbs. each of sulphate of ammonia . 

Mean of 2 plots M'ith mineral manures, and 150 
lbs. and 130 lbs. of rape-cake respectively 
Plot 18. With complex mineral manure, 65 lbs. of 
sulphate of ammonia, and 150 lbs. of rape-cake 


‘ The indications of tho table are scon to bemo.st conclusive, as showing what was the 
clianictcr of the exluiustion which had boon induced by tho previous heavy cropping, 
and what therefore, should be tho peculiar nature of the supply in a rational system of 
manuring. If the exliaustion had been connected with a deficiency of mineral con- 
t-titueiits, we might reasonably have expected that by some one at least of tho nine 
mineral conditions,— supposing in some cases an abundance of every mineral con- 
stituent which tho plant could require,- -this deficiency w'ould have been nude up; but 
it was not so. 

‘ Thus, taking tho column of bushels per acre as given in this summary as our guide, 
it will be seen that whilst we have without manure only 16 bushels of dressed corn, wo 
have by farmyard manure 22 bushels. Tho as/ies of farmyard manure give, however, 
no increase w'hatever over tho unmanured plot. Again, out of the 9 plots supplied with 
art ificial mineral manures, we have in no case an increase of two bushels by this means ; 
the produce of the average of tho 9 being not quite 17 bushels. On the other hand, we 
see that tho addition to some of these purely mineral manures of 65 lbs. of sulphate of 
ammonia — a very Buiall dressing of that substance, and containing only about 14 lbs. of 
ammonia — lias given us au average prq^uco of 21 bushels. An insignificant addition of 
rajHi-cake Uxj, to manures otherwise iiieffectivo, has given ns about 181 bushels; and 
when, as in plot 18, wo have added to the inefficient mineral manures 65 lbs. of am- 
monittcal wilts, and a little rape-cuke also, wc have a produce greater than by the 14 tons 
of farmyard manure. ^ ... 

* The quantities of rapo-cake used were small, and tho increase attributable to it also 
small, but it nevertheless was much w’h;it wo should expect when compared with that 
from the ammoniacal salts, if, as we believe is the case, the effect of rape-cake on yrain^ 
crops is duo to tlie nitrogen it contains. . . . 

‘ Indeed, the coincidence in the slight or non-effect throughout the mineral series on 
tho one hand, and of tho marked and nairly uniform result of the nitrogenous supply 
on the other, was most striking in the first year’s experimental produce, and such as to 
lead us to give to nitrogeuous manures in the second season even greater promiueuce 
than we had done to minerals in the previous one. This is, in some respects, perhaps, 
to be regrettedi as had we kept a series of plots for some years oontuiuously under 
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iniiitfftli akme, tho evidenoe, though at present sufficiently conclusive, would have 
carried with it eomewhat more of st/siematw proof. 

* Ja n. we have given a few results selected trom those obtained at the harvest 

of 1 846, the seeotid oi the experimental scries. By the table it would seem that we have, 
at the harvest of 1846, a produce of rather more than 23 bushels without manure of any 
kind, instead of only 16 as in 1844 ; and in like manner the farmyard manure gives 
82 bushels in 1846, and only 22 in 1844, 


TabiJb II . — Harvest 1845, Selected Hesults, 


Pesorlptlon and qnaatities of the manures per acre 


Section 1. 

Plot 3. No manure 

„ 2. 14 tons of farmyard manure . 

Section 2. 

„ 5a, No manure 

„ 5b. Top-dressed with 252 lbs. of carbonate 
of ammonia (dissolved) at 3 times, 
during the spring , . . . 

Section 3. 

g r Sulphate of ammonia, 1 68 lbs. 1 top-clres8ed| \ 
” ’ t Muriate of ammonia, 168 lbs. j at once j 
, ^ f Sulphate of ammonia, 1 68 lbs. "l top-dressed, ) 
” Muriate of ammonui, 168 lbs. / at 4 times j/ 


Dressed com 
per aero, 
in bushels 
and pecks 

Total 

corn 

per acre, 
in lbs. 

Straw 
jK’i* acre, 
in lbs. 

bush, peeks 

lbs. 

lbs. 

23 03 

1441 

2712 

32 Oi 

1967 

3015 

22 2i 

1431 

2684 

26 3’ 

1732 

3599 

33 U 

2131 

4058 

31 3j 

1980 

4266 


‘ We assume, then, 1’3 bushels or thereabouts to be the standard produce of the soil 
and season, without manure, during this second experimental year ; and as part of plot 
6 (previously manured with superphosphate of lime), and which is nt>w also without 
manure, gives rather more than 22 i bushtds of dressed corn, the corrtrtiiess of the 
result of plot 3, the permanently unmanured plot, is thenljy fully confiniied. 

* 'Hiis plot No. 5, previously two thirds of an aero, was, in this second year, divided 
into two equal portions; one of these (‘plot 5a’) being, as just said, unmanured, and 
the other (‘ plot 5h*) having supplied to it in solution, by top-dressings during the 
spring, the itiedicinal carltonote of ammonia, at the rate of 250 lbs. per acre ; and it is 
seen that we have, by this pure but highly volatile ammoniacal salt alone, the produce 
raised from 22} bushels to very nearly 27 bu.she]s ! 

* In the next section of the Table are given the results of plots 9 and 10, the former 
of which had in the previous year been manurtd by Kiip(Ti)])osphaio of lime and a 
sn^ quantity of sulphate of ammonia, and the latter by superphosphate of lime and 
silicate of potass. To each of these plots 1^ cwt. of sulphate and evt. of muriate 
of ammonia were now supplied. Upon plot 9 the w’hole of the manure was top-dressed, 
id once, early in the spring ; but on plot 10 the salts were put on at four succes.sive 
periods. The produce obtained by tliese salts of ammr)nia alone is 33 bushrls and ihruo- 
eigbtlis, when sown all at once, and nearly 32 bushels when sown at four diifereiit times 
— -quantities which amount to about 10 bushels per acre more than was (d/t:iiiiod wiih- 
ont mamire. Is the case of No. 9, indeed, the produce exceeds by bushel that given 
by fhrmyard manure, and in that of No. 12 it is all but identical with it. And if wo 
turn the wmghts of total com, instead of the measure of the dressed corn, to which latter 
we daal^ refer, merely as a standard more conventionally undorstocKl, No. 10 by 
ammonia only, has ghren both more com and more straw than the farmyard manure, 
with all its minerals and carbonaceous substance. 

‘Let ns see whether this almost specific effect of nitrogen, in restoring, fur the 
repeodnetioB of oom, a oom-ezhansted soil, is borne out by the results of succeeding 
years. 

* We shonld have omitted all reference to tberesults obtained with the wheat manure 
tt Tfahmat lAi^Ag, but that whilst felly admitting the failure of the manure—the 
SSfepssition of whidi, to use his own words when commenting upon it, ‘ could be 
go s ecret^ sines every plant showed by its ashes the due proportion of the consti- 
y ptial to its growth ' — he implied that the failure was due to a yet imperfect 
of the meSbanieal ferm and diemical qualities required to be given to 
Hit ^MMMiy eonstitomits in oeder to ft them for their reception and nutrithre 
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action on the plant, rather than to any fallacy in the theory ‘which would recommend 
to practical agriculture the supply by artificial means of the constituents of the ashes 
of plants as manures. 

‘ The following Table gives our selection of the results of the third season, 1846 


Table lll.-^Harvest 1846. Selected Beeults, 


Descriptions and quantities of the manures per acre 

Dressed com 
per acre, 
in bushels 
and pooka 

Total 
com 
per acre, 
in lbs. I 

Straw 
per acre, 

In lbs. 

Section 1. 

bush. 

pecks 

lbs. 

lbs. 

Plot 3. No manure 

17 


1207 

1513 

„ 2. 14 tons of farmyard manure . 

27 

o| 

1826 

2454 

Section 2. 

,, 105. No manure 

17 

2i 

1216 

1455 

„ 10(7. Sulphate of ammonia, 224 lbs. . 

27 

H 

1850 

2244 

Section 3. 

„ 5fl'. Ash of 3 loads of wheat-straw . 

19 

01 


1541 

,, 5«“. A.sh of 3 loads of wheat-straw, and 

top-dressed -with 224 lbs. of sulphate 
of ammonia 

27 

0 


1 

2300 

Section 4. 

„ 6(7. Liebig's wheat-manure, 448 Ib.s. . 

20 


1400 

1676 

„ 5(7. Liebig’s w'hoat-marmr(3, 448 lbs., %vith 

j 112 lbs. each of sulphate and muriate 

1 of ammonia 

29 

OJ 

1967 

2571 


‘At this third ox peri men till hnn’cst -wo have on the continuously nnmanured plot, 
namely, No. .1, not quite 18 bushels of dressed corn, as the normal produce of the 
season; and by its side we have on plot lOA — comprising one half of the plot 10 
of the previous years and so liighly manured by ammoniacal salts in 1845, but 
now uumanured, — rather more than 17.7 bushels. The near approacdi. again, to 
identity of result from the two nnmanured plots, at once gives confidence in the 
accuracy of the exf>eriments, and show's us how effectually the preceding crop had, 
in a practical point of view, reduced the plots, previously so differently circumstanced 
both as to manure and produce, to something like an uniform standard as regards 
tlieir grain -producing qualities. Wo take this opportunity of pirticularly calling atten- 
tion to these coincideni'es in fiie amount of f»roduce in tlm two unmanured plots of the 
dilb rent years, hoeause it had been objected against our experiments, as already 
publislied, tliar corilirmatit)!! w’as wanting as to the natural yield of soil and season. 

‘Plot 2 lias, as before, 14 tons of farmyard manure, and the produce is 27^ bushels, 
or between ‘J and 10 bushels more than wdthout manure of any kind. 

‘ On ph»t lOo. which in the previous year gave with ammoniacal salts alone a produce 
equal to tluit of the farmyard mHiiure, we have again a similar result: for 2 ewts. of 
sulphate of ammonia has now given 1850 lbs. of total corn, instead of 1826 lbs., which 
is the produce on plot 2. The straw of the latter is, however, slightly heavier than 
that by the ammoniacal salt. 

‘ Again, plot 5u, which was in the previous season unmanured, was now subdivided : 
on one half of it (munely, 5a‘) we have the ashes of wheat-straw alone, by which there 
is an increase of rather more than 1 bushel per acre of dressed corn ; on the other 
half (6n*) W'e have, besides the straw-ashes, 2 cw'ts. of sulphate of ammonia put on 
as a top-dressing ; 8 cwts. of sulpliate of ammonia have, in this case, only increased 
tlio produce beyond that of 5<i‘ by 7^^ bushels of corn and 768 lbs. of straw, instead of 
by 9^ bushels of corn and 789 lbs. of straw', which was the increase obtained by the 
same amount of ammoniaciil salt on lOu, as compared w ith 105. It will be observed, 
however, that in the former case the ammoniacal salts were top-dressed, but in the 
latter they were drilled at the time of sowing the seed ; and it will be remembered that 
in 1 846 the result was better cs to com on plot 9, where the salts were sown earlier 
than on plot 10, where the top-dressing extended far into the spring. We have had 
several direct instances of this kind in our experience, and we would ^ve it as a 
suggestion, in most cases applicable, that manures for wheat, and especially a mm o- 
nia^ ones, should be applied l^fore or at the time the seed is sown ; for, although 
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the aifMumiit lunnia&oe of the crop is greater, and the produce of straw really heavier, 
ipring rather than autumn sowings of Peruvian guano and other ammoniacal 
manures, vet we believe that that of the com will not be increased in an equivalent 
degree. Indeed, the success of the crop undoubtedly depends very materially on the 
progress of the underground growth during the winter months ; and this again, otlier 
things being eqnal, upon the quantity of available nitrogenous constituents within tlie 
scnl, without a liberal provision of which, the range of the fibrous feeders of the plants 
will not be snch as to take up the minerals which the soil is competent to supply, and 
in snch quantity as will be required during the after-progress of the plant for its 
hoalthj and favourable growth. 

‘The next result to be noticed is that obtained on plot 6, now also divided into two 
equal portions, designated respectively fia and 6i. Plot No. 6 liad for the crop of 1844 
superpnosphate of lime and the phosphate of magnesia manure, and for that of 1845 
super^osphate of lime, rape-cake, and ammoniacal salts. For this the third experi- 
ment^ season, it was devoted to the trial of the wheat-manure manufactured under 
the sanction of Professor Liebig, and patented in tliis country. 

‘ Upon plot 6fl, 4 cwts. per jicre of the patent wheat-manure were used, which gave 
20]^ bushels, or rather more tlian two bushels beyond the produce of tlio iinmanured 
plot; but as the manure contained, besides the minerals peculiar to it, some nitrogenous 
compounds, giving oflP a very jx'rceptible odour of ammonia, some, at least, of tht' in- 
crease would be due to that substance. On plot 6//, however, the further addition of 
1 cwt. each of eulpliate and muriate of ammonia to this so-called ‘mineral manure* 
gives a produce of 29^ bushels. In other w’ords, the addition of ammoniacal salt to 
Liebig’s mineral manure has increased the produce by very iiejirly 9 bushels per aero 
beyond that of the mineral manure alone, while the increase obtained over the im- 
nmnured plot by 14 tons of farmyard manure was only 9^ bushels. 

‘If, then, the “ mechanical form and chemical qualities ” of the so-ealled “mineral 
manure” were at fault, the sulphate of ammonia has, at least, compenwited for the 
defect ; and even supix)sing a mineral manure, found(*d on a knowledge of tlio com|x)- 
sition of the ashes of the plant, be still the great desideratum, the farmer may rest 
contented, meanwhile, that he lias in ammonia, supjdied to him by Peruvian guano, 
by ammoniacal salts, and by other sources, so good a substitute. 

*lt surely is needless to attempt further to justify, by the results of individual 
years, our assertion, that in practical agriculture nitrogciious manures are peculiarly 
adanted to the growth of wheat. We shall therefore conclude this part of our subject 
by directing attention to the liistory of a few of the plots throughout the entire scries 
of years, as compared W'ith that of the unmanured plot during the siimo period. 

‘In support of the view that leguminous plants do ix)ssess a superior power of 
reliance upon the atmosphere for their nitrogen, and, indeed, that it is to this j^ru- 
perty that they materially owe their efficacy in roiaiion with grain, we may refi-r 
to the admirable investigations into the chemi.str}’ of agriculture of Bous.^iiigault. 
His experiments, however, have not received the attention which they merit from the 
agriculturists of this countiy ; probably on account of the small amounts of j»roduco 
which he obtained. But it must be remembered that his investigation had for its object 
to explain the practices of agriculture Jis he found them in liis own locality, beforo 
attempting to deviate from its establi.shed rules. M, Boussingault states the rutaiion 
usually adopted at Bechelbronn, and throughout tho greater part of Alsace, to be as 
fiDllows: — 

** Potatoes or beet -root ; ’* “ Wheat ; ’* Clover ; ’* “ Wheat ; ” 

and that the average of wheat so obtained is, after potatoes 19^ bushels, after beet-root 
17 busheln* and after clover 24 bushels. Now we find l>y reference to his Uible that the 
fiivt eiop of wheat, grain, and straw removed 17 lbs. of phosphoric acid and 24 lbs. of 
potiMiii and soda; the following clover crop, 18 lbs. of phosphoric acid and 77 lbs. of 
potaril soda ; and after this removal of alkalis and phosphates by tho clover, 
a lasfetcsta^ of wheat is obtained. Surely it would seem impossiblo to reconcile this 
TCSnu with a thnorv which supples the produce of wheat to rise and fall with the 
quantity of minexau available within the soil. If, however, we admit that the first 
crop itf wheat ooald not take up the mineral matters existing in the soil for want of 
nitrogenous sapply, and that tme dover crop, not being so dependent ujx)u supplied 
nitVQgen, was a& to take up the minerals required for its ^wth, and that it luore- 
ofor in the soil sufficient emmonia ox its equivalent of nitrogen in some form, to 

S f« the inereasal wheat, we have a mu^ more consistent and probable solu- 

Bn of the results. Thofe is little doubt that M. Boussingault could have increased 
fvednee of wheat by of anunoniacal salts : whether he could have done so 

fiyipidoil^y is anothar qnestioD, depending of coiuse upon the relative prices of grain 



MANURE 


209 


* The striking effect of phosphoric add the growth of the turnip, indeed, is a 
fact so well known to every intelligent agriculturist in Great Britain, tiiat it would 
seem quite superfluous to attempt to illustrate it by any direct experiments of our 
own. However, as Professor Liebig has again, in the recent edition of his ‘Letters,* 
expressed an opinion entirely inconsistent with such a result, wo will refer to one or 
two of the results obtained in our experimental turnip-field, which bear on the opinion 
lie has reiterated as follows : — thus, speaking of the exhaustion of phosphate of lime 
and alkaline phosphates by the sale of flour, cattle, &c., he says ; — “ It is certain that 
this incessant removal of the phosphates must tend to exhaust the land and diminish 
its capability of producing grain. The fields of Great Britain are in a state of pro- 
gressive exhaustion from this cause, as is proved by the rapid extension of the cultiva- 
tion of turnips and mang(dd-wiirzel, plants which contain the least amount of the 
phosphates, and therefore require the smallest quantity for their develop- 
ment.” Now we do not hesitate to say that, however small the quantity of phosphates 
ront'iinod in the turnip, the succo.ssful cultivation of it is more dependent upon a largo 
supply of phosphoric acid in the manure than that of any other crop. 

‘In the following Table, then, is given the amount of bulb, from 1843 to 1860. 

First, the continuously unmanured plot : — 

Secondly, that with a large amount of the superphosphate of lime alone each year ; and 
Thirdly, that with a very liberal supply of potash, with some soda and magnesia also 
in addition to superphosphate of lime. 


Yenra 


Plot continuously 

Plot with 

Superphosphate of Lime 

Plot with 

superphosphate of lime 







alone every year 


and mixed alkalis 



tons 

cwts. 

qrs. 

liw. 

tons 

cwts. 

qrs. 

lbs. 

tons 

cwts. 

qrs. 

lbs. 

1843 

4 

3 

3 

2 

12 

3 

2 

8 

11 

17 

2 

0 

1844 

2 

4 

1 

0 

7 

14 

3 

0 

5 

13 

2 

0 

1845 

0 

13 

2 

24 

13 

13 

3 

12 

12 

12 

2 

8 

184() 


... 



1 

18 

0 

0 

3 

10 

1 

20 

1847 


... 


, 

5 

11 

0 

1 

6 

16 

0 

0 

1818 


.. . 



10 

U 

0 

8 

9 

14 

2 

0 

1840 


. . . 



3 

15 

0 

0 

3 

13 

2 

8 

1850 


... 


• 

11 

9 

0 

0 

9 

7 

1 

12 

Totals . 


... 

•• 

- 

G5 

IG 

1 

1 

62 

5 

1 

20 

i Means . 





8 

4 

2 

4 

7 

15 

2 

20 


‘It is seen, then, that in the third season, viz. 1845, the produce of the unmanured 
])lot is reduced to a few hundredweights, and since that period the size of the bulbs had 
boon such that they had not been considered worth weighing. On the other hand, on 
the plot w ith siipcrphospJiate of lirue alone for eight 8ueces.sivo years, we have an aver- 
age produce of about 8^ tons of bulb! varying however exceedingly year by year, ac- 
cording to the season. We see, too, that by tho addition to superphosphate of lime of 
a birgo quantity of the alkalis, much greater than could bo taken off in the crop, the 
average j^roduce is not so great by nearly half a ton as by the superphosphate of lima 
alone. It must be admitted tluit this extraordinary effect of superphosphate of lime 
cannot bo accounted for by tho idea of merely supplying in it the actual constituents 
of the crop, but that it is due to sumo special agency in developing the assimilative 
processes of the plant. Tho opinion is favoured by tlie fact that in the case where tho 
superphosphate of lime is at once neutralised by alkalis artificially supplied, the efficacy 
of the manure would st.*em to be thereby reduced. And, from this again, we would 
gather that tho effect of tho phosphoric acid, as such, cannot be duo merely to the 
liberation wdthin the soil of its alkalis, or we should suppose that the artificial sup- 
ply of tho.so w'ould at least have been attended with some increase of produce. But 
this is not the case, notwithstanding tluit by means of superphosphate of lime alone 
t here has been tiikcii from tho land more of tlio alkalis in which the ash ofth^nmip 
HO peculiarly abounds, than 'wouUl have been lost to it in a century under the urdinaiy 
cour.su of rotation and home manuring ! Collateral experiments ^so clearly prove tho 
3 111 porta nee of a liberal supply of organic substance rich incarl^ — which always con- 
tains a considerable quantity of nitrogen also — if we would in practical agncoltore 
increase the yield much beyond the amount which can be obtainea by mineral manures 
alone, and those conditions being fulfilled, the direct supply of nitrogen,^ OU the Othcv 
hand, is hv uo means so generally esseiitialt And it is where we have pzpTided a liheiul 
VOL. 111. ® P 




MAKUEB, ARTIFICIAL 


Hw f^idc formations, in addition to the mineral manures, tliat 
we hare ibiuid tlia nee of alkalis not to be without effect. 

*Bufc it is at any rate eertain that phosphoric acid, though it forms so small a pro- 
pQKtioa of the ash of tlie turnip, has a very striking effect on its powth when applied 
as ttamm; at&d it is equally certain that the extended cultivation of root crops in 
Great lEkitain cannot be due to the deficiency of this substance for the growth of 
com, and to the less dependence upon it of the root crops, as supposed by Baron Liohig. 

* These curious and Interesting facts in relation to the growth of turnips, as well as 
thoae which hare been given in reference to wheat and to the leguminous crops, are snffi- 
dwt to meofe how impossible it is to form correct opinions on agricultural chemistry 
without tJie guidance of direct experiment in the field. And we are convinced that if 
Baron Liebig bad watched the experiments which we have had in progress during the 
last dg^t yean, be would long ago have arrived at conclusions in the main agreeing 
with tm)se to whidi we have been irresistibly led. 

‘So much, then, for the results of experiments in the field, and for the considerations 
in relation to the functional actions of plants, as bearing upon the character of the 
manure required for their growth in a course of pmclical agriculture. Let us now 
ooniider for a few moments what really are the main and characteristic features of 
practical agriculture, as most generally Ibllowed in this country. 

‘Let us suppose that the rotation adopt-ed is that of Turnips. Barley, Clover, Wheal : 
that the turnips and clover are consumed upon the farm by stock, and that the meat 
thus produced, 40 bushds of barley, and 30 bushels ol’ wlieat, are all the exports from 
the farm; the manure from the consumed turni}>s and clovir, and the straw, both of 
barley and of wheat, being retained on the farm. Wc have in this case, by the s.*ilc of 
grain, a loss of minerals to each acre of the farm of only 20 to 24 lbs. of 
and soda, and 26 to 30 lbs. of phosphoric jicid, in the centre of the rotition, or an 
average of 5 to 6 lbs. of potass and soda, and C.J. to 7 ‘ lbs. of phospborie acid jK-r 
acre per annum. In the sale of the animals there would of eoiirse an mldilional 
loss of phosphoric acid, though especially if no breeding-stor k were kept . this would 1>e 
even much less considerable than in that of the grain ; and the amount of the alkalis 
thus sent off the farm would, according to direct experiments of our own upon calves, 
bullocks, lambs, sheep, and pigs, probably be only about one-fourth that of tlu' }»lios- 
phoric acid. It has, however, long been decided in pracliciil agriculluro that, j-hos- 
phoric acid may be advantiigeously prorided in the purchase of bones or oi lKTphos]>ha- 
tic manures, though in practice these are not found applicable as a direct manure for 
the wheat crop; and as we have already said, even when employed for the turni]*, its 
efflea^ is not to be accounted for merely as supplying a sufiieiency of that siibsUince to 
be stoi^ up in the crop. 

‘In conclusion, then : if .the theoiy of Baron Liebig simply implies tliat the grow- 
ing plant must have within its reach a sufficiency of tlio mineral constituents of which 
it is to be built up, we fully and entirely assent to so evident a truism ; but if. on the 
other hand, he would have it understood that it is of the mineral constituents, as 
would be cc4lectivdy tonnd in the ashes of the exported produce, that our soils are defi- 
cient relatively to other constituents, and that, in the present condition of agriculture 
in Great Britain, “we cannot increase the fertility of our fields bv a sujijily of nitro- 
genised products,or by salts of ammonia alone, but rather that t heir produce increases 
or diminishes, in a direct ratio, wdth the supply of mineral elements capable of assimi- 
lation,** we do not hesitate to say that every fact with which wo are acquainted, in 
relation to this point, is unfiivourable to such a view. We have before stiiitid, how- 
ever, that^ if a cheap aonree of ammonia were at command, the available mineral con- 
atitnents mi^t in their turn become exhausted by its exceB.sive use.’ 

MAMWBp AlkTERCriAX. Agricultural writers usually divide manures into 
two clBjini, natural and artificiaL 

The tat diviinon includes tamyard manure, liquid manure, and the various com- 


Umt are occasionally made by farmers from excremeutiiious matters, earth, 
and all sorts of refuse matters found or produced on the farm. 


In the aeooad division we find guano, bone-dust, nitrate of soda, sulphate of 
aomonta; also the waste of slaughter-houses, night-soil, tiie refuse; of glue-makers, 
wool waate, and other refuse materials of certain factories; and likewise; suiier- 
pheepkate of Bme, blood manure, and a great variety of saline mixturef. which are 
aow ezteanvely aumnikettirad in manure works, for the purpose of supplying 
tamers with speeial chemical fertilisers, such as wheat-, barley-, oat-, })otaLo-, flax- 
lia]iiii^ ta. ^e term artificial manure thus includes a great variety of different 
jWMy mls, and is fteqnen^ applied to produ^ which, like guano, are in point of fact 
Mlh more natural thnn nrmyazd manure, in the successful preparation of which a 

on the part of the farmer. The evident anomaly 
P taitaiui bonsi^ Itad, and nitrate of soda (Chili saltpetre) as artificial 
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snanures, has led some agricultural writers to describe them under natural manures. 
Again, others apply the term artificial only to compound saline manuring miztuieSf 
such as wheat- and grass-manures, or to manures the preparation of which necessitates 
a certain acquaintance with chemical principles and the use of chemical agents. Ail 
this confusion can be avoided entirely, if manures, instead of being divided into 
natural and artificial, were separated into home-made manures, that is, manures pro- 
duced from the natural resources of the farm, and into imported manures, that is, 
fertilisers which are introduced on the farm from foreign sources. 

Tho term ‘artificial,’ more appropriately, is giren to all simple or compound 
fertilisers in the production of which human art has been instrumental. In this signi- 
fication we shall use the term ‘ artificial manure.* 

Not many years ago farmyard manure was universally considered the only efficient 
fertiliser to restore the fertility of land, impaired by a succession of crops. Recent 
agricultural experience, however, has shown that, in a great measure, artificial 
manures may bo employed with advantage instead of yard manure, nay, that in several 
respects artificial manures are preferable to ordinary dung. Indeed, the present 
advanced state of British agriculture is intimately connected with the success with 
which artificial manures have been introduced into the ordinary routine on the farm. 

The variety of artificials in present iiso amongst English farmers is very great. 
Some, like well prepared samples of superphosphate, are unquestionably manures 
distinguished for high fertilising properties ; others are less efficacious, or of a doubt- 
ful character; and not a few hardly repay the cost of carriage beyond a distance of 10 
miles. The fact that in almost every market-town artificial manures are sold, which, 
if not altogether worthless, offer, to say tho least, no profitable investment to the 
occupier of land, shows plainly that tho principles which ought to regulate the manu- 
facture of artificial manures are not so generally understood as it is desirable they 
should be. In comparison with other branches of industrial art, the manufacture of 
manures is comparatively simple, and involves no very expensive machinery beyond 
steam-power for the pulverisation of the raw materials ; nor does it necessitate exten- 
sive prjictical experience, or tho possession of a largo stock of chemical knowledge, on 
the part of the manufacturer. The limits of this article preclude the detailed de- 
scription of all the artificial manures that find their way at present into the manure 
market ; nor does it appear to us necessary to mention in detail the various propor- 
tions in which tho numerous refuse materials used by manure-makers may be blended 
togetlier into efficacious fertilisers ; for a manufacturer who is thoroughly acquainted 
with the natur(i of artificial manures, and the legitimate uses to which they ought to 
bo applied, will find little or no difficulty when working up into artificial manures the 
raw materials or refuse matters for the acquirement of which a particular locality 
may offer peculiar advantages. A right conception of the relative commercial and 
agricultural value of the dififerent constituents that enter into the composition of 
manures is tho chief desideratum for the manufacturer of artificial manure. We 
therefore propose to refer, in the following pages, briefly to the more important prin- 
cMples which ought to be kept steadily in view in establishments erected for the supply 
of artificial fertilisers. 

Tho high esteem in which good farmyard raaniiro is held by practical men, its uni- 
formly beneficial effect upon almost every kind of crop, and the economical advantages 
with which it is usually applied to the land, have induced many to regard farmyard 
manure as the model which the manufiicturer of artificial manure should endeavour 
to imitate. But this proposition is wrong in principle, as will be shown presently, 
and its adoption in manure-works has led to disappointment and ruin. It would be 
foreign to our object to give in this place a full account of the peculiar merits that 
belong to yard manure, and to compare them with those exhibited by artificial 
manures. Each has its peculiar merits and disadvantages, upon which we need not 
dwell in this article. It will help us, however, in properly comprehensMng what is 
really required in a good artificial manure, if wo inquire briefly into the composition 
of good yard manure. We therefore subjoin an analysis, made some time ago by 
Dr. Voelcker, of well-rotted farmyard manure (see next page) : — 

Farmyard manure contains all tlie constituents which our cultivated crops require 
to come to perfection, and is suited for every description of agricultural produce. As 
far as the inorganic fertilising substances are concerned, we find in fiarayard manure 
potash, soda, lime, magnesica, oxide of iron, phosphoric acid, sulphuric aetdf hydro- 
chloric and carbonic acid ; in short, all the minerals that are found in the ashes of 
.'igricultural crops. 

Of organic fertilising substances, we find in farmyi^ manure some which axe 
readily soluble in water, and containing a large portion of nitroMn; and othexs 
insoluble in water, and containing, comparatively speaking, a small pvt^poxthm ci 
nitrogen. The former readily yield ammonia, the latter principally gi?o fito to 
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tiM ftrniAtioii oi hlUBio aoidii^ and eimilar organic compounds. These organic acids 
coBstatttta tba adstura oi ox^ganic znatters, which in practice pass under the name of 

Jittinas. 


Ctfifi^fOiUum Fcfisiyaird dotted Dung {Hor6es\ Cows\ and Pigs)^ in 100 par/n. 


Wate 

SolaUa organic matter * 

Solnble inorganic matter (ash) ; — 

Soluble silica *254 

Thosphate of lime ‘382 

Lime -117 

Magnesia *047 

Potash *446 

Soda . *023 

Chloride of sodiiun ...... *037 

Sulphuric acid *058 

Carbonic acid and loss *106 

Insoluble organic matter * 

Insoluble inorganic matter (ash) : — 

Soluble silica ....... 1*424 

Insoluble silica . . . . , . . I'OIO 

Ondes of iron and alumina, with phosphates . *J)47 

Containing phosphoric acid ('274) 

Equal to bone-earth ('573) 

lime 1 •(;r>7 

Magnesia ‘(»01 

Potash 045 

Soda -O.SS 

Sulphuric acid *063 

Carbonic acid and loss 1*205 


75-42 
3 71 


1*47 

12-82 


6*58 


100-00 

Farmyard manure thus is a ^rfect manure, for experience and analj’sls alike 
show th^ it contains all the fertilising constituents required by plants, in states of 
combination udiidi appear to be especially favourable to tlio luxuriant grovlli of our 

cre^ 

On most farms the supply of common yard manure is inadequate to meet the de- 
mands of the modem system of high farming. Hence the endeavour of entvrjjri^iiig 
men to supply this deficiency by converting various refuse materials into suLsi itutcs 
for farmyaid manure. Artificial manures likely to apprcaicli farmyard manure in 
their action should contain all the elements in the latter, and in a stnLe oi combina- 
tion, in which they are neither too soluble nor too insoluble ; fur it is evident that a 
plant can grow luxuriantly, and come to perfect maturity only wlien all the elenuuits 
neoMsaiy for its existence are presented to it in a state in which they can be ussimi- 
latad by the plant. 

Bat the question arises, Is it desirable to produce by art perfect substitutes for 
common dung ? We think not, for the following reasons : — 

In the first place, well-rotted dung contains in round numbers two-tlards of its 
weight of water, and only one-third of its weight of dry matter. A largo bulk tbei t- 
ibie contains; oomparatively speaking, but a small proportion of fertilising-inat tors. 
In eyecy fi tons of manure we have to pay carriage for 2 tons of water ; and it may 
be iiifidij ■Siiirtnd that no manure, however efficacious it may bo in a dry condition, 
will be fbmid an eoooomic substitute for farmyard manure, if it cannot be produced in 
a rnneh drier coodstioD than common yard manure. 

Again, sevesnl cf the constituents which greatly preponderate in farmyard manure 
arepfeeent in most soils in abundant quantities ; they need not, therefore, be supplied 
to the land in the form of manure ; or, should they be wanting in the soil, they can 
be me^y bbtiiaed ahnoet erezywb^ at a cheap rate. If, therefore, these iuexpen- 
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sivo and more widely distributed substances are dispensed with in compounding a 
manure, and those are selec^ which occur in soils only in minute quantities, a very 
valuable and efficacious fertiliser Is obtained, whi^ possesses the great advantage of 
containing in a small bulk all the essential fertilising substances of a large mass of 
home-made dung. 

That the elFect which every description of manure is capable of producing depends 
on its composition is self-evident ; and as the different constituents which generally 
enter into the composition of manures produce different effects upon vegetation, it is 
of primary importance to the manufacturer of manure that ho should be acquainted 
with the special mode of action of each fertilising constituent. 

Wo shall therefore make some observations on the practical effects, and the 
comparative value, of the various constituents that enter into the composition of 
iniinuros. 

I'o guard against misapprehension, we would observe that, in one sense, all the 
fertili sing-agents are alike valuable ; for they «are all indispensable for the healthy 
condition of our cultivated crops, and consequently the absence of one is attended 
with serious consequences, though all others may be present in abundance. Thus 
rho deficiency of lime in the land is attended with as much injury to the plant 
as tlint of pliosphoric acid. In this sense lime is as valuable ns phosphoric acid; 
hut inasmuch as lime is generally found in most soils in abundant quantities, or, 
if deficient, can be applied to the land economically in the form of slaked lime, 
marl, shell-sand, &c., its presence in an artificial manure is by no means a recommen- 
dation to it. 

The principal constituents of manures are : — 

1. Nitrogen (in the shape of ammonia, nitric acid, and nitrogenised 

organic matters). 

2. Phosphoric acid (bone-earth and soluble phosphates). 

3. Potash (carbonate and silicate of potash). 

4. Soda (common salt). 

5. Lime and magnesia (carbonate and sulphate of lime and magnesia). 

6. Soluble silica. 

7. Humus-forming organic matters (vegetable remains of all kinds). 

8. Sulphuric acid (sulphate of lime). 

9. Chlorine (common salt). 

10. Oxide of iron, alumina, silica (clay, earth, and sand). 

Wo have hero mentioned these constituents in the order which expresses their com* 
pa rati ve commercial value. 

1. Mtrogen . — This element may be incorporated with artificial manures in the 
shape of ammoniacal salts or nitrates, or nitrogenised organic matters. 

The cheapest ammoniacal salt is sulphate of ammonia ; the cheapest nitrate is Chili 
saltpetre, or nitrate of soda ; hence sulphate of ammonia and nitrate of sotU are exclu- 
sively employed by manure manufacturers for the preparation of nitrogenised manures, 
wlien no organic refuse-mutters containing nitrogen, such as hom-shavings, bone-dust, 
woollen rags, blood, glue-refuse, &c., are available. 

Nitrogen in any of these forms exercises a most powerful action in manure, espe- 
(?ially when applied to plants at an early stage of their growth ; at a later period of 
development the application of ammoniacal salts or nitrate of soda appears much 
less effective, and sometimes even useless. For this reason nitrogenised manures, 
such Hs guano, soot, specially-prepared wheat-manures, &c., ought to be applied 
either in autumn or in spring, immediately after the young blade has made its ap- 
pearance above ground. 

Ammoniacal salts, nitrate of soda, and decomposed nitrogenised organic matters, 
liavc a most marked effect upon the leaves of plants ; they induce a rapid and 
luxuriant development of leaves, and may therefore be called leaf-producing or 
forcing manures. Grass, wheat, oats, and other cereals, when grown upon soils 
containing abundance of available mineral elements, are strikingly benefited by a 
nitrogenised manure ; but, on account of their special action, they ought to be iised 
with caution in the case of corn-crops, and always more sparingly on light than 
on heavy land ; otherwise, fine straw, but little and an inferior sample & grain, 
will be obtained. 

As a general rule, ammoniacal salts or nitrate of soda should not be uied by 
fanners in a concentrated state, and exceptionally only. However nseftil enlphate 
of ammonia or nitrate of soda may be in a particular case, it ought to bs re- 
membered that generally such manures produce beneficial efifects on^ in eonjunc- 
tion with mineral matters. If, therefore, a proper amowt of avaUable minez^ 
substances does not exist in the soil, it has to bo supplied in the nunini. Aw^ 
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moniaeU salti, nitzate of Boda, animal matters, &c., are thoreforo almost always 
blended together with phosphates, common salt, gypsum, &c„ by manufacturers of 

manures. 

Whilst we thus fully recognise the importance of the presence of ammonia, am- 
moniacal salts, nitrates, or animal matters furnishing ammonia on decomposition in 
manures, especially in manures for white crops, we cannot agree with those who 
estimate the entire value of manuring-substances by the proportion of nitrogen wliicli 

they contain. 

In a purely commercial sense, nitrogen in the shape of ammonia or nitric acid, or 
animal nitrogenised matters, is the most valuable fertilising constituent, for it fetches 
a higher price in the market than any other manuring constituent. 

2. Pho^horic Acid . — ^Next in importance follows pliosphoric acid. This acid exists 
largely in the grain of wheat, oats, barley, in leguminons seeds, likewise in turnips, 
mangolds, carrots, in clover, meadow-hay, and, in short, in every kind of agricultural 
produce. Whether we grow, therefore, a cereal crop or a fallow crop, there nnist 1)0 
phosphoric acid in sufficient quantity in the soil, or if insufficient it must bo added to 
the land in the shape of manure. 

The proportion of phosphoric acid in even good soils is very* small, and as tlie agri- 
cultural piwiuee in almost every case removes from the soil more of phosphoric acid 
than of any other soil-constituent, tlie want of avail a1)le phosphoric acid makes itself 
known veiy’ soon. This is especially tlie case with quick-growing crops, such as 
turnips, mangolds, &c. The whole period of vegetation of these green crops extends 
only over 4 or 5 months, and the fibrous roots of these cro}’s arc unable to penetrate, 
like wheat, the soil to any considerable depth. For these riiasons, phosphoric acid in 
some form or other h^ls to bo abundanlly supplied to root -crops; and (axperieTicf- 
has shown that no description of fertilising matter benefits roots so much as super- 
phosphate and similar manures, which contain phosphate of lime in a state in mIiuIi 
I t is readily assimilated by plants. 

In artificial manures phosphoric acid commonly occurs in the sha]H‘ ot' boiu -dust, 
boiled bones, bone-shavings (refuse of kiiifi-handle makers, turners of ivory, but tan- 
makers. &c.), or in the stiite of l>iph>'»sphatc of lime, purposely inamilaclured t'r. -m 
bone materials or from phosphatio ininerais. 

The phosphate of lime which occurs in fresh bones, practically sjveaking. is insoluble 
in water. In water charged with c.'irbonic acid, and still more so in M'ater (‘(int;i ining 
Borne ammonia, it is more soluble than in pure water. On fermenting boiie-dus* in 
heaps it becomes a much more offeclive manure. Such fermented bone-dust is a Idcdi 
with much benefit to generjil artificial manures. 

All really good artificial manures .should contain a fair proportion '.f phosphate --- 
say from 2o to 40 per cent., Jiecording to the u.ses for which the manure is intended. 
Generally speaking, manures for turnips, and root -crops in genen], should l-e ricli in 
phosphates especially soluble phosphates (biplio.sph.'tte of lime), such manure,- ]i(*ed 
not contain more than 1 to 1^ f>er cent, of ammonia, and. when used (>n laial in n 
tolerably good agricultural condition, ammonia can be ahogethei' omiiied in thv 
manure without fear of deteriorating the efficacy of the manure. 

3. Potash. — Salts of potasli unquestionably are valuable fertilising emstituent-, for 
potash enters largely into the composition of the ashes of all crcqjs. Kuot-crojis i -- 
pedally require mu^ potash ; hence these crops are much benefited by wood-asln 
burnt clay, liquid manure, and other fertili.sers containing luiicli j)oUisli. 

The commercial resources of pota.sli are limited, and salts of potash have geiaraliy 
been far too expensive to be employed largely in the manufaeturc of artificial mannn s. 
Fortunately potash exists abundantly in most soils containing a fair proportion of clay. 
Its want in artificial manures therefore is not perceived, at least not in the saim; 
degree in which the deficiency of phosphaU*s in a numure would lx* felt. f>f lati- ir- 
however valuable deposits of potash-salts have been discovered at Stassfurt in rrussian 
Saxony, and have b^n extensively employed for various industrial purposes, including 
the preparation of manures. 

4. Soda. — Salta of soda are much less efficacious fertilising matters than 8alt.s of 
potasL There ate few soils which do not contiiin naturally enough soda, in one 
form or the other, to satisfy the wants of the crops which arc raised upon them. 
However, oommon salt is largely employed in the mantifacture of artificial nianurcs ; 
if it does no good, it certainly docs no harm ; and in this country it is one of the 
dieapeet diluents which can be employed for reducing the expenses of coucenirat iKl 
ihftausiiig inixtme to a price at which they can bo sold to furmi rs. in continental 
dteiets oommon salt proves more efficacious as a manure than in Fngland, where the 
Mighbomdiood of ths sea tnovides the majority of soils with plenty uf stilt, which 
hf Ihs winds is canied ItMWftids with the spray of the sea to very considerable dis- 
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Salt, however, even in England, is usefully applied to mangolds, and enters 
largely into the composition of most artificial manures expressly prepared for this crop. 

T). Lime and Magnesia. — All plants require lime and magnesia in smaller or larger 
quiintities. Many soils contain lime in superabundance ; in others it is deficient. To 
the iMtter soils it must be added. This can be done by lime-compost, by slaked lime, 
by marl, shell-sand, or g}q)sum. All these calcareous manures are cheap almost 
everywhere, for lime and magnesia are among the most widely distributed, and most 
al.iindant mineral substances. 

The addition of chalk, marl, and even gypsum, to artificial manures, should there- 
fore be avoided as much as possilde. 

At the best, carbonate and sulphate of lime in artificial manures must be regarded 
as diluents. 

(}. Solidde St7ica. — The artificial supply of soluble silica to the land, as far as our 
present (ixpcrience goes, has done no good whatever to cereals, the straw of which 
soluble silica is supposed to strengthen. 

In the absence of reliable practical experiments with soluble silica, we cannot 
V' ntiiro t(j recommend the use of silicate of soda or soluble silica to manure-manufac- 
turers. 

7. 0>r/anic svhsianccs ; Humus . — The importance of organic matters free from 
nitrogen, as fertilising agents, i.s ver}' trifling. Formerly the value of a manure was 
estimuTi'd by tin; amount of organic matter it contained, and little or no difference 
was made whether the organic matter cont;iined nitrogen or not. Under good culti- 
vation, the organic matter in the soil regularly incrojises from year to year; there 
exists therefore no neces.sit.y of supplying it in the shape of manure. 

In artificial manures we should certainly exclude all substances that merely add to 
tli(' luilk, without (mliancing the real fertilising value of the manure. Peat, saw-du$t, 
and similar organic matters, &c., are useful to the manure-maker only as diluents 
and absorbents of moisture. 

S. Sulphuric acid is another constituent of manure, which possesses little value. 
Ill artificial manures sulphuric acid chiefly occurs as gypsum. 

h. ChJoriuc . — Exists in manures principally as salt. 

10. Oxide of Iron., Alumina, Silica. — Those constituents exist sometimes in manures 
in the slia])e of burnt-clay, earth, brick-dust, and .sand. 

ll is hardly nece.ssary to remark that good artificial manures should contain as 
little as possible of these matters. 

It will appear from the preceding oEsorvations, that nitrogen in the shape of am* 
inoniacal .salts, nitric acid or decomposed animal matters, and phosphoric acid arc the 
most valuable fertilising constituents. 

Tile niaiiufacturers of artificial manure should therefore endeavour: 

1. To produce manures containing as little water as possible. 

11. To incorporate ns much of nitrogeiiised organic matters, or amraoniacal salts, or 
nitrates and pliosjliat.cs, in general manuring mixtures, as is possible at the price at 
W'Jiich artificial nianurc.s are ii.suaily .sold. 

3. To avoid (IS much as possible gypsum, salt, peat-mould, chalk, and other sub- 
fctaiiees that chiefly add to the bulk, without iucreasiug the efficacy, of the manures. 

Jle should also endeavour to produce uniform finely-pulverised articles, that run 
readily tlirougli the manure drill. 

It likewise devolves on the maiiufacturer of manures to render more effective, 
that is to .say, more rajtid and energetic in tlicir action, refuse materials which may 
rnnaln inactive iu tlie soil for years before they entei into decomposition, and to 
reduce Ity chemical meaii.s into a more eouvenieiit state for assimilation, raw matorialsj 
which like cojirolites, apatite, &e., j'rodneo little or no beneficial effects upon vegeta- 
tion, even when added to the land in a tiucly-powdered condition. 

At the pre.sciit time, two classe,s of artificial manures maybe di.stinguished : 1, 
general manures, i.e. manures which profess to suit equally well every kind of agri- 
cultural produce; and 2, special maiiiircs, i.e. manures specially prepared for a par- 
ticular crop only. 

The requirements of different cro|»s, or perhaps, more correctly speaking, the coif- 
dition.s that ri'gulato the assimilation of food, vary so much, that we doubt the 
jxdicy of manure -makers to prepare general artificial manures. At the same time, we 
doiiht the necessity of preparing artificial manures for every description of crop. 
J^pecial manures arc extremely useful to farmers, if they are prepared by intelligent 
manutacturers, who possess sufficient chemical knowle^e to take advantage of 
j5Very improvenioni that is made in manufaetiiring chemistry, and at the same time 
know sufficient of agriculture to undersbind w hat is really wanted in a soil. In other 
words, except a manufacturer is a good practical chemist and a tolerably good fanner, 
he will not bo able properly to adapt the composition of special fertilisers to the 
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pelago, as SciOi Samos, Lesbos, &c. Translucent white marble, Marmo statuaHo of the 
Italians, is reiy much like the Parian, only not so opaque. Columns and altars of 
this marble exist iu Venice, and several touns of Lombardy; but the qumries arc 
quite unknourn. Flexible white marble, of which five or six tables are presen'cd in 
the house of Prince Borghese, at Pome. The White marble of Luni, t)n tlu^ coiist of 
Tuscany, was preferred by llie Creek sculptors to both the Parian and Pentolic. 
White marble of Carrara, between Spezzia and Lucca, is of a fine white colour, but 
often traversed by grey veins, so that it is difficult to procure moderately large pioet's 
free from them. It is not so ajit to turn yellow as the Parian marble. This quarry 
was worked by tlio ancients, having been opened in the time of Julius Caesar. Many 
antique statues remain of tliis marble. Its two principal qiuirrios at the present d/iv 
are those of Piaucllo and I\)lvazzo. In the centre of its block very limpid rock 
crystals are sometimes found, which are called ‘Carrara diamonds.’ As the finest 
qualities are becoming excessively rare, it lias risen in }iriee to nl)Out 3 guineas the 
cubic foot. The White marb'e of Mount llynu ttus, in Gri'oco. was not of a very pure 
white, but inclined a little to grey. The statue of Meleager, iu the Prench Museum, 
is of this marble. 

Black anti-i^ue marble, the aniico of the Italians. This is mori' intensely black 
than any of our modern marbles ; it is i xtivmely scarce. occun*iiig only in sculptured 
pieces. The red antique 7narbb. Kqyidvm of the aueients. and Jlosj^o aniico oi the 
Italians, is a beautiful marViU* of ;i deej* blood-red colour, interspersed with v liite veins 
and with very minute white dots, as if stn wed over with grains of sand. There is in 
the Grimnni Palace at Venice a ef)lossal statue (if JVlarcns Agrippa in rossn eru/inf, 
which was fomierly j'reserved in the J^intheon at Jb-mc, Grtcu aviiejur u.urhlt , vrrdv 
antico, is a kind of brt'ccia. wliost paste is a mixt nr« of tale and limesl'iiie, wliib tlir 
dark green fragments consist of serpentine. Xcry beautifiil sjicriineiis ol it are 
preserved at Parma. The liest ijualiiy has a grass-g'n-dj ]iastr. with Mack spots of 
Doble serpentine, but is iKver iiilngitd with red spots. Ibd sjU'ttfd anen iriittquc 
has a dark green ground juarked with small red and black si>ots, willi frag- 
ments of chirochi changed iiUn whit* niarbU . Jt is known only in sine. 11 tabh ts. 
Lfvl* marbh : a rari' varic'ty of tiiat «M.lour of wbieb tben is ;i tablr in the Mint at 
Paris. Marmo verde paphoceo is of ;i yellowish-green colour, and is found only in 
the ruins of ancient Pome, Crrvehn' uutrhh , of a deej) red. with numerous g'lTV an ! 
white veins, is said to be found in Africa, and highly esteemed in commeive'. Ytlinv: 
atUique marble, qiallo aniUo of the Italians ; colour ol tlie yolk of an egg. e itlier unil'orm 
or marked with black or deep yellow rings. It is rare, luit may Ik; rejtlaerd by .''ieiiiia 
marble. Bed and u hiu antique ■hiarhles. found only among tberuiiisof .aneieiit Jo»im-. 
Grand antique, a Ireccia taarble, eontaining shells, consist, >, of large frag-incMls of a 
black marble, traversed l.y veins or lines of a shining' wlaie. Tin re .are- four coliniins 
of it in the Muse-um at Paris. AnUqin Cipolitio marhU \ Cipolin is a name giv* n to 
all such raarblejs as have greenish zone.-s produced by green tale; tljcir tract ur<- is 
CTanular and shining, and: displays Ijere and there jdate.s of tide. Turpd <-nfi(/tu 
breccia tnarble is \ory v/trialde in tlje eolenir and size of its sjiots. Antujut Afri. nu 
breccia has a black ground, variegated with large fragment. s ed’ a greyish-white, dn ; 
red, or purplish wine colour : and is one of the ino.^t beautiful marbles. Buj^mo-lcKn <1 
antique breccia marlde is very scuiive. (Kvurring only in small tablets. There, air 
various other kinds of ancient breccia, which it wajiild be tetdious to pariieularisi . 

Modem MarhUe . — 1. Jlritish. Black marlJe is found at Ashford. Matlorh, 
and Bonsaklale in Lerlysliin ; and in the south part of Levonshire'. 'flo ^■ar!^ L^lt^d 
marbles of Levon.shire are generally reddish, browni.sh, and gnyi.sl,. v.iriously vriiud. 
with white and yellow, ov the coloiir.s are often intimately blended ; the marhicK iroiu 
Torbay and Babbacejmhe* display a great Auiriely in the mixture e»f their eolours ; thr 
Plymouth marble is eitheir ash-coloured with black veins, or Maekish-grey and w hi!- 
shaded with black veins; tlie- cliffs near Maryehureh e*xhihit. marble epiarries imt only 
of great extent, but of su]a;rior beauty to any otlier in JJevon.^hire, being either of a 
dove*<roloured ground with rwldish -purple and yellow veins, or of a black groan 1 
mottled with purplish globules. The green marlJe of Angle.sea is not unlike th. 
verde antico ; its colours being greenish-black, l(;ek -green, and sometinicsdull juirpii.sh 
imgularly blended with white. The uhite part is limestone, t be green shades }iroeee 1 
fixim serpentine and asbestos. There are several fine varieties of innrlih in Jj(:rby- 
ehire ; toe mottled>grey in the neighbourhood of Moneyash, the light-gre y being 
rendered extremely beautiful by the number of purple veins which .sprwid ujkju its 
polished eorfaoe in elegant irregular branches ; but its chief ornament is the multitude 
of entrocki with which this limestone marble alx)unds. Much of the transition and 
OixbonifeTous limestone of Wales and Westmoreland is capable of being worked up 
iale itfieeable dark marbles. 

Ill SooUasd a fine vaiiety of white marble is found in beds at Assynt in Suther- 
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Iftndshire. A beautiful ash-^ey marble, of a very uniform grain, and susceptible of 
a fine polish, occurs on the north side of the fci-ry of llallachulish in Invemessshire. 
One of the most beautiful varieti(!s is that from the liill of Belophetrich in Tiree, one 
of the Hebrides. Its colours are pale blood-red, light flesh-rod, and reddish-white, 
with dark-green particles of hornblende, or rather sahlite, diffused through the 
general bnse. The compact marble of Iona is of a fine grain, a dull-white colour, 
somewhat resembling pure compact felspar. It is said by Bourn on to consist of an 
intimate mixture of tremolito and carbonate of lime, sometimes with yellowish or 
gret'uish -yellow spots. The carboniferous limestone of many of the coal-basins in 
the Lowlands of Scotland may be worked into a tolerably good marble for chimney- 
pieces. 

In Ireland the Kilkenny marble is the one best known, having a black ground more 
or less varied with white m?irks produced by fo.ssils. The spar which occupies 
the place of the shells sometimes assumes a greenish -yellow colour. An exceedingly 
fine black marble has also been raised at Crayleath in the county of Hawn. At 
Louthloiigb(ir, in the county of Tipperary, a fine juirplo marble is found. The county 
t)f Kerry affords several variegated marbles not unlike the Kilkenny ; and a fine red- 
dish marble is quaiiied in the county Cork. A serpentinous limestone in Connemara 
forms a prettily variegated green marble known as ‘ Irish green.’ 

b’raiice possesses a great many marble quarries, which have been described by 
Bnird, and of which a copious extract is given under the article Marble, Eocs’s 
C//I I oj)(pdia. 

The territory of Genoa furnishes several beautiful varieties of marble, the most 
rcniarkal'le of which is the pn/::evcra di GV’Wwz, called in French the vert d'Egijpte 
and vnt de mrr. It is a mixture of granular lihiestone with a Uilcoscs and serpentine 
substance disposed in veins ; and it is sometimes mixed with a reddi.sh body. This 
marble was formerly much employed in Italy, France, and England, for chimney- 
jiicces, but its s()nd)rc appearance has put it out of fashion. Among the Genoese 
marbles wo may notice the highly-estoomed variety called jwrA/r. on account of the 
brilliant yellow veins in a deep black ground. The most beautiful kind comes from 
Porto Venese; and Louis XIV. caused a great deal of it to bo worked up for the 
decoration of Versailles. It costs now 21. per culhc foot. 

Corsica jHissesscs a good stituary marble, of a fine cleso grain, and pure milky- 
whiteness, quarried at Ornofrio; it will l»ear comparison with that of Carrara : also a 
grey marble {bardif/Ho), a cipolin, and some other varieties. The island of Elba has 
immense (juarries of a white, marble with Idackish-grecn veins. 

Among the innumerable varieties of ituliari marbles, the following deserve especial 
notice : — 

The rovigio, a white marble found at Padua. Tlie white marble of St. Julien, at 
Ihsa, of which the cathedral and celebrated slanting tower are built. The Biancoue 
marble, white wdth a tinge of grey, quarried at Hagurega for altars and tombs. 
Near Meigozza a white marble with grey veins is found, with which the cathedral 
of Milan is built. The black marble of Bergamo is called paragonc, from its l)fe,ek 
colour, like touchstone ; it has a pure, intens(^ tint, and is susceptible of a fine polish. 
The })ure black marble of Como is also much esteemed. The polvcro!<o of Pistoya is 
a black marble .‘Sprinkled with dots ; and the beautiful white marble with black spots, 
from the Logo Maggiore, has been employed for decorating the interior of many 
churches in the Milanese. The Margorre marble, found in several, parts of the 
ZVIilanese, is bluish veined with browai, and composes part of the dome of the cathe- 
tlral of Milan. The green marble of Florence owes its colour to a copious admixture 
of serpentine. An(jther green marble, called verde di Prado, occurs iu Tuscany, near 
tile little town of Prado. It is marked with spots of a deeper green than the rest, 
t'assiiig oven into blackish-blue. The beautiful Sienna marble, or brocatcllo di Siena, 
lias a yellow colour like the yolk of an egg, which is disposed in large irregular spots, 
surrounded '^'ith veins of bluish-red, passing sometimes into purple. At Montarenti, 
two leagues from Sienna, another yellow marble is met wiUi, which is traversed by 
black and purplish-black veins. The Brema marble is yellow, with white spots. 
The mandclato of the Itilians is a light-red marble witli yelloudsh-white spots, found 
at Luggezzana, in the Veronese. The red marble of Verona is of a red rather in- 
clining to yellow or hyacinth ; a second variet}’’, of a dark red, composes the vast 
amphitheatre of Verona. Another marble is found near Verona, with large white 
spots in a reddish and greenish paste : very fine columns have been made of it. ^ The 
ovchio di pavone is an Italian shell-marble, in which the shells forms large orbicular 
spots, red, white, and bluish. A madrcporic marble, known under the name of pid,ra 
stellaria, much employed iu Italy, is entirely composed of star madrepores, converted 
into a grey-and-white substance, and is susceptible of an excellent . polish. The 
village of Bretonico, in the Veronese, furnishes a splendid breccia marble, composed 
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of yellow, iteel-|prej, t&d rose-coloured spots. That of Bergamo consists of black and 
grey fragments in a greenish cement. Florence marble, (^ed also ruin and land- 
sew marble, is an indurated calcareous marl. 

l»dly abounds in marbles, the most valuable of which is that called by the English 
Stone-cutters Sicilian jasper ; it is red, with large stripes like ribands, white, rod, and 
sometimes green, which run zigzag with pretty acute angles. 

Of Cutting and Polishing Marble. — The marble-saw is a thin plate of soft iron, 
continually supplied during its sawing-motion with water and the sharpest sand. 
The sawing of moderate pieces is performed by hand, but that of large slabs is most 
economically done by a projx’r mill. 

The first substance used in the polishing process is the sharpest sand, with wliich 
the marble must bo worked till the surface becomes perfectly flat. Then a second, 
and even a third sand of increasing fineness is to bo applied. The next substance 
is emery of progressive dcgreo.s of finene.ss, after which tripoli is employed ; and the 
last polish is given •with tin-pntty. (See Pi'm’-Po'wnKR.) TJio bod>' with wJiicli 
the sand is rubbed into the marble is usually a plate of iron ; but for the subsequent 
process, a plate of lead is used with fine sand aTid emery. The polishing-nibbers are 
coarse linen cloths, or bagging, -wedged tight into an iron planing-tool. In every ste]> 
of the operation a constant trickling supply of -vrater is required. 

MAKCA8ZTB, or white iron p 5 Tites, is of a pale bronz(‘-yellow. or iron-grey 
colour, with a metallic lustre. It is a bisulphide of iron, composed of iron 46-7. sul- 
phur 63*3. Specific gravity 4 678 to 4*847. 

The mineral was formerly much used for various orn.'imcnts. as shoo- and 
buckles, pins, bracelets, setting of -watch-eases, &c. : and, althougli tlie tast<- for it 
has considerably declined now, probiibly owing in some degree to its abundiinc' . 
immense quantities are still cut and manufacturc'd at (Tcneva and in the French .lur;i. 

The marcasite of commerce is generally small, rarely attaining the size of a slono 
of two carats. It takes a grxxl polish, and is cut in facets like rose-diamomls. In 
this state it possesse.s all the bright l ine of polished steel, without the tendency of 
the latter to become oxidised by cx]*»osure to the action of the atmosphere. It is prin- 
cipally procured from Germany and the Jura. — II. W. 13. 8ee Pyritks. 
JMCAltCABZTB. Bismutl) was fomierly so called. Sec Bismfth. 
IMIAACIARATliS are saline com^'tounds of margarie acid with the bases. 

Mil AHA ATC ACn (Marganne) is one of the acid fats produced by sa])finify- 
ing tallow with alkaline matter, and tlecomposing tlie soap with dilute; acid. Tlie 
term margarie signifies pearly-looking. 

The ph}*8ical properties of the margarie and stearic acids are very similar ; the eliief 
difference is that the former is more fusible, melting at 140'^ Fahr. The readiest mod** 
of obtaining pure margarie acid is to dissolve olive-oil soap in watt;r, to pour into the 
solution a solution of neutral acetate of lead, to wash and dry the ]>rtei|)iUite. and tin n 
to remove its olentc of le;id l*y ether, which (ioe.*' not affect its margarate of lead. 'J'lm 
residuum being decompo.s(?fl by lx>iling-liot muriatic acid, affords margarie acid. AVhen 
heated in a retort this acid boils. It is insoluble in water, v<jry soluble in alcoliol and 
ether; it reddens litmus-paper, and decompos€*s, with the aid of lieal, the earbon.-iles 
of soda and potash. 

Margarie acid is obbiiued most easily l>y the distillation of stearic acid. Tlo* 
humidity at the beginning of the process must be expelled by a smart heat, ollu rwise 
explosive ebullitions are apt to wcur. Whenever the ebullition becomes uniform, the 
fire is to be moderated. See Oils. 

MAAIMA* A name given to madder after it has undergone a peculiar trcalmeiit. 

See Crookes's ‘Handbook of Dyeing.’ 

M A AIWA ACZB. Jlj^drochloric acid was formerly so called l>ocuuse it c'uiKi 
bs obtained fotan sea-water. See HyDRocTfj.oKJc Acid and Muriatic Acij). 

MLAAOVA ADnrAXN A name for Wctter.stedl'8 alloy, which w'as int rijducrd ;t> 
a shlBthilig for ships. It consistod of lead 94 '4. antimony 4*3, and mercury 1*3. Ii 
was a^d not to be attacked by sea-water, and to remain free from vegetable or {inimal 
giwwUi. 

MAAtWA AAAT. See Salt. 

^0 Origanum mujorana^ one of the Labiata, is used as an 
aiomatie heih, and yields oil of marjoram on distillation. 

MAAA (Mfarme, Fr. ; Mergel, Ger.) is a mixed earthy substance, conHiRting of 
earboDSts of lima, clay, and siliceous sand, in very variable proportions ; it is 
•omettmes oomtiacty aometimes pnlvemlent According X/t the predominance of 
one or other <ff thcae ingredients, marls are distributed into calcareous, clayey, and 
aipfy. 

...JlliMlATAWA* One of the members of the Lias formation. The Cleveland 
we oeewt in the vuudstono, or middle lias. Bco Lus, 
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MAmHATlTB. A variety of blende, in which part of the anc is replaced, 
sometimes by iron, and sometimes by cadmium. It is found at Marmato in Po- 
payan. 

MCAftOOir. A peculiar deep-red colour produced, according to Crookes (‘Hand- 
book of Dyeing’) in the following manner : — 

Boil 20 lbs. of cudbear, or 25 lbs. of orchil, and 4 ounces of magenta crystals, for 
ten minutes. Cool the dye to 175’^ I'ahr. ; enter the wool ; increase the temperature 
to 21 2° ; remove, rinse, and dry. 

nCAROOlj. A vegetable fibre from the Sanseviera Zeylanica, See Fibbes. 

MARQinSTRT is a peculiar kind of cabinet-work, in which the sur&ce of wood 
IS ornamented with inlaid pieces of various colours and forms. The marqueteur 
puts gold, silver, copper, tortoise-shell, mother-of-pearl, ivory, horn, &c., under con- 
tribuwon. These substances, being reduced to laminae of proper thinness, are cut 
out into tlie desired form by punches, which produce the full pattern or mould, and 
the empty one, which enclosed it ; and both serve their separate purposes. A 
mosaic wood-work was much practised in Italy in the fifteenth century which very 
much resembled marquetry. It u as called Tarsia ( Tarsiatura^ Ital.). The art was 
cultivated to the greatest extent in the Venetian territories, and was much employed 
iu decorating the choirs of churclies, the backs of seats, and the panels of doors. In 
Mrs. Merrifield’s ‘ Ancient Practice of Painting’ it is well described. See Taesia; 
PARQUKTIiY. 

IHARSB-GAS. Liglit enrburetted hydrogen. This gas is the fire-damp of the 
coal -miner. See Fire-damp Indicator; Ventilation. 

XBAJtSB ROSSMART. {Statica Caroliniaiue.') This plant is found along the 
sea-coast in mar.shy situations from Maine to Florida. The root has been used for 
tanning. According to Professor Parrish, ib contains 12 per cent, of tannin. 

IMCARTZAZi. Belonging to iron ; from Mars, the old name of this metal. 

MARTZXrS-TElblbOW. A name sometimes applied to naphthaline yellow. 

AKASSZCOT. Yellow oxide of lead. The old name of litharge. See Litharge. 

MASTZe (Eng. and Fr. ; Matsix^ Ger.) is a resin produced by making inci- 
sions in the Pistacia lentiscm, a tree cultivated in the Levant, and chiefly in the 
island of Chios. It comes to us in yellow, brittle, transparent, rounded tears ; which 
soften between the Uieth, with bitterish taste and aromatic smell, and a specific- 
gravity of 07’ 1. Mastic con.sists of two rcsims ; one soluble in dilute alcohol. Its 
s<.)lution ill spirit of wine constitiites a good varnish. It dissolves also in turpentine. 
See \'arni.sii. 

MASTZe CElIZXm'T. A mixture of lime, sand, litharge, and linseed-oil. 

MATCHES. See Lucifer Matches. 

MATRASS is a bottle with a thin, egg-shaped bottom, much used for digestions 
in eheuiical n-.se irehes. 

MATTE is a criule Mack copper, reduced, but not refined, from sulphur and other 
lu terf)geneous substances. A matte is simply a regulus, or fused sulphide. 

MAWE, or Perkin's Violet. The earliest aniline colour introduced into com- 
merce has lost much of its importance. Kungc had previously called attention to 
the viwlit coloration produced on treating aniline with chromic acid op the h>q>o- 
chlia’ites. In August 1856 Mr. Perkin patent-ed his process for the production of a 
violet colouring-matter from aniline. .See Anilink.-Violkt. 

Among the verv largo number of new methods proposed for the manufactiu’e of 
this dye, especially after tlie sjiriug of the year 1859, wo may notice the following - 

Mis.*^rs. Deiiouilly and South’s method, patented iu Juno 1860, consisted in adding 
to a salt of aniline a solution of chlorido of limo, which yielded a purple insoluhlo 
preci]>itate. 'J'his wa.s repeatedly washed in slightly-acidulated water, dis.solved in 
concentratoil sulphuric acid, and re-p.recipitated by the addition of an excesssof water. 
It was tlien simply necessary to wasli the precipitito thoroughly, in order to renderdt 
fit for use if dissolved in alcohol or methylated spirit. The chlorido of lime process 
give.s a iii(jro abundant yield iliaii the bichromate method, but the tone of the violets 
obtained is redder and le.ss piir<^ We may here mention that Mr. W. H. Perkin has 
lately succeeded in oUainiug the provluct of Bunge’s experiment in the solid condition, 
lie finds that it <lis.solves in alcohol, forming a solution of a nearly pure blue colour, 
wliicli is chaiigi'd to a brownish-red Ity tiie action of caustic alkali ; it therefore differs 
essentially Irom the mauve; an alcoholic solution of which, if treated with caustic 
alkali, jiasses from purple to violet. The blue product, which the author proposes to 
eall ‘ Bunge’s Miu*,’ undergoes a verv remarkable change when subjected to the action 
of heat. It is ra}«iv!ly convt*rtcd itUi) a purple colouring-matter, wdiich is found to bo 
the true mauve. Indeed, Bunge’s blue is so prone to change into tlie more stable 
xnauve, th.at its composition cannot be satisfactorily determined. 

Mr. Kay, in January 1800, took out a patent for producing purple-auUiue— most 
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abturdly oalled * harmaline ' — ^by adding to sulphate of aniline peroxide of manganese, 
and heating this mixtaie to 100^ Fahr., when the ‘harmaline’ so produced remained 
in solution, and was separated from an insoluble deposit. The di resolved colour was 
precipitated by adding to the solution ammonia in siifficiont quantity to iicutraliso the 
acid, after which the insoluble colour was washed, dried, and dissolved in metliylatod 
alcohol. 

In January 1860 Mr. Grcville Williams patenttid the use of ponnanganate of 
potassa as a means of oxidSsing aniline and producing purples and other colours. 

At about the same time Dr. D. Price took out a patent for acting on sulphate of 
aniline by means of the peroxide of lead. 

In 1860 Dale and Caro patented the use of chloride of copper, in the proportion of 
six equivalents to one of a neutral salt of aniline. In place of chloride of copper, a 
mixture of sulphate of copper and common salt maybe used in equivalent propr^rtions. 
The quantity of water necessary* to dissolve the mixture is added, and tiie whol(> is 
then boiled till a precipitate appears, wliich conbiins the colouring-matter. At lint 
expiration of three or four hours tlie process is completed. The proc.ipiUite is collected 
on a filter, and washed with a solution of soda or ciirlionato of soda so long as the 
washings contain chlorides. The residue is then extracted with bailing water, .*<0 
long as an^'thing dissolves. The solutions thus obtained are filtered, and precipibited 
with a small quantity of soda or carbonate of soda. The colour thus obtained is ready 
for use. The matter insolul)le in boiling water still contains a violet, which may bo 
extracted by treatment with boiling dilute alcohol in a displacement-apparatus. 

On January 12, 1861, another inter<\‘'ting proee.‘is to obtain aniline-jmrple wa.** 
jwtented !>y M. A. Girarvl. aniline-red (known as magentJi) is mixed with an 

equal weight of aniline, and the mixture Iieated for several hours to 829^ Fahr., when 
the mass is changed to a fine purple colour, r^*Cj airing only to be mixtd with water 
and hydrochloric acid to remove any aniline or red dvr in exces.s, lojiviiig the purple 
insoluble; Imt, on being well washed with water, thi.s }>ecoiues soluble in aleobul, 
acetic acid, wood-naphthii, and boiling water slightly acidulated with acetic acid. 

The French call this — Viobt Inijn-rial, See Anii-inf. 

SKAURilCIS. The French name for a process identiciil with our Ivefincrv. 

mABow-oms is bog-iron ore. See Iin)N. 

XMAAinUBS, WSXGKT8, and COZITS. See Wktohts axd Miast'Res. 

ICBATBi MUBBUVSB. The intere.st wdiich has of late at.Uched to the 
subject of such meats warrants us in bringing under examination the principles and 
practice on which tliis iin]»ortant brandi of industry i.s basctd. The art it.s(.-lf is of 
modern invention, ajjd diffi-rs in every re.«pect from the old or common modes of 
serving animal food. Those, as is well known, depend upon the use of culinary salt, 
saltpetre, sugar, or simihir sub.^tance.s. 

Our remarks will not apply solely to raw or uncooked meats ; but the practical 
bearing of meat-preserving really points to those which arc, more or less, cwked or 
presen*ed. 

The first successful attempt at the preservation of unsalted meats is of Frencli origin, 
and due to the inventive skill of M. Ajjpert, This gentleman, so long ago as the year 
1810, received from the Board of Arts and Manufactures of Paris the sum of 12,000 
francs for his di.scovery of a mode of preserving animal and vegetable substiinces ; 
the results of which had been then amply attested by a prolong^ experience in the 
French navy. Shortly after this period Appert induced a Mr. Durant Uj ^d.sit London, 
for the purpose of taking out a patent ; and this was accordingly done towards the 
end of the year 1811. In this patent, however, the claims were ridiculously wide ; so 
much so, tliat the pitent-right was subsequently infringed with impunity. The clnim.s 
included all kinds of fruit, meat, and vegetables, when subjected to the action of heat 
io closed vessels, more or less freed from air. As, however, the Sfjciety of Arts in 
London had presented in 1807 a premium to a Mr. J. Suddington, for ‘ a method of 
pveaerviiig fruit without sugar for house or sea stores ’ — which method is exactly 
the flame as that of M. Appert — the validity of Durant’s patent was at once called 
in qnefltion. Nevertheless, so 8atisfactt)iy were the results when applied to animal 
fooA or mixed j^rovisions, that the patent was eventually purchased from DurJint 
by Messrs. Donkin, Hall, and Gamble ; and the firm, thus established, became at once 
the sole mmnnfreturers of preserved meats in this country. The process of Appert 
was, however, extremely drfective in a manufacturing point of view. Nothing but 
gliifls bottles Wflfe to be used for containing the meats, and M. Appert remarks : * 1 
chooee glass for this purpose, as being the most impnetrable to air, and have not 
ventured to nmlrft any experiment with a vessel made of any other substance.* Of 
wmethe fragility of material, and the great difficulty uf hermetically sealing 
tiw bottles wi^ cotkM, threw impediments in the wav of the process as a commercial 
mdortaloBg. Ner was it until after a longseriefl of experiments that Messrs. Don- 
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kin, Hall, and Gamble were able to overcome the primary difficulties of this invention, 
and produce provisions successfully preserved in tin-plate vessels. 

The process of Appert certainly does not depend upon the exclusion of oxygen 
from the provisions he preserved, nor is this principle included in the improved process 
still practised by the firm of Gamble. Appert seems to have had a doubt as to the 
sufficiency of the oxygen theory, for he tells us that, ‘ fire has a peculiar property, not 
only of changing tli o combination of the constituent parts of vegetable and animal pro- 
ductions, but also of reterding, for many years at least, if not of destroying altogether, 
the natural tendency of these same products to decomposition.’ And this opinion is con- 
firmed from many startling facts, which cannot be reconciled to the supposition that 
oxygen is the solo or even principal agent of decomposition. Thus milk, which has been 
merely scalded, will keep much longer from the effects of this process, even though freely 
exposed to, or purposely impregnated with, oxygen gas. Now the method of Appert, as 
improved by Gamble, is to render the albumen of the meat or the vegetable insoluble, 
and therefore scarcely if at all, susceptible of the action of atmospheric oxygen. By 
this means the total exclusion of air from the tin cases is rendered unnecessary, for 
oven if a small quantity of air remain in the case, it will exert no more influence 
than happens to a piece of coagulated albumen, or hard boiled white-of-egg, which, 
as is well kiujwm, may be exposed to the air for years without sensible alteration, 
though in its uncoagulated state it immediately putrefies. It appears, therefore, 
that the essential characteristics of Gamble’s process may be referred not to the 
exclusion of air, but to the thorough coagulation of the albumen. The heat employed 
.also destroys all organic germs that may be present, and thus prevents their develop- 
ment. In this process, the moat, more or less cooked, is placed, with a quantity of 
gravy, in a tin vessel, capable of being hermetically scaled with solder; it is then 
heated, for some time, in .'i bath of muri.ato of lime, and the aperture neatly soldered 
up. Aft.er tJiis it is again exposed to the action of the heated bath for a period, which 
varies with the size and nature of the contents of the vessels ; and to prove that this 
latter operation is really the most important of tlie whole, it sometimes happens that 
cases which have begun to decompose are opened, resoldered, and again submitted to the 
muriatc-of-limo bath, with the most perfect success, as regards the ultimate result. 

Although by no means free from occasional failures and certainly requiring im- 
provomiuit, the system of Gamblo has in practice worked well ; and provisions have 
l)ecn kept in this way, for a long period of years, without the slightest alteration 
in their particular qualities. 

Mr. Goldner, sonuj few years ago, adopted the idea originally conceived by Sir 
Jlumphry Davy, of enclosing cooked provisions in a complete vacuum. For this 
purpose tlie provisions, slightly cooked on the surface, were enclosed in canisters, 
similar to tliose of Gamble, but stronger, and provided with a small opening in the 
cov(!r. At tliis moment a slight condensation was effected by the application of a 
cold and damp rag or sponge, and simultaneously with this the small opening was 
soldered up. In tlieory, nothing could seem better adapted to in.sure success; but, 
tlie practical -working of the invention afforded anything but a satisfactory result. Nor 
is there much difficulty in conceiving how this may arise, as in the first place the ap- 
plication of a sudden heat to non-conducting materials, is almo.st certain to give rise 
to that peculiar condition by which the interior of the meat will bo as thoroughly 
protected from the effect of heat .as if no heat were applied. Hence, even though 
steam in abundance may issue from tlie small opening in the cover, this is no proof 
that the meat in the centre of tho vessel is even warmed; and still less does it 
warrent the supposition tliat the soluble .albumen is thoroughly coagulated; and 
witliout which, as we liave stated, preservation is scarcely possible. 

liedwood^s Process . — This process, invented by Professor Kedwood, consists in 
tho immersion of fresli meat in melted paraffin, at a temperature of 240° Fahr. 
(115® Centigrade), for a sufficient time to ^effect a concentration of tho juices of the 
meat and the complete expulsion of air ; after which tho meat, in its condensed state, 
is covered with an external coating of paraffin, by which air is excluded and de- 
composition prev(;nted. 

Tlie concentration of tho juices may thus be carried to any required extent. If 
the meat is to be kept in hot climates its w'ciglit should be reduced by evaporation to 
about one-half, in which state it will contain .all the nutriment of twice its weight of 
fresh meat, the portion driven off by evaporation consisting only of water. Thus 
prepared it will be fully cooked (by the heat applied in the process), and it may be 
eaten without further preparation, ‘but it will also be applicable for the pr^ration 
of a variety of made-dishes, including stows, hashes, soups, gravies, etc. For cold 
climates a less amount of heating luul concentration will suffice, so that the meat 
may retain its original juicy condition, and, when further cooked, present tho 
appearance, and possess all the characters, of fresh unpreserved meat. 
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The paraiEn used in the process is a perfectly innocuous substance ; it is entirely 
free from taste and smell, and is not subject to change from keeping. It may be 
removed from Uie surface of the meat by putting the latter into a vessel continuing 
boiling water, when the paraffin as it melts will rise to the surface of the water, and 
may be taken off in a solid cake when cold, while, at the same time, the moat will 
become softened and prepired for cooking in any suitable way. 

M^srs. Gillon stat^ from long experience that if the meat could be kept in a hot 
room at a temperature of about J00° Fahr.. for eight or t^n days without change, it 
would keep for lengthenfHl jieriods in any climate, and they are accustomed to sub- 
mit their preserved provisions to this method of U'sting before stnuling them out. 
It was found, however, that although meut preserved by Prof. Redwood's pro< e.ss 
would keep for a ^^ear or more in the temperate zone, it soon became tainted in tropical 
regions. 

Mr. Richard Jones, in the Society of Arts* ‘Journal' for January 20, 1871. doscnlxs 
a process carried out by him. He states that the tins are filled witli the raw niatt rlal 
and placed in a bath, either of boiling water or of chloride of calcium. Before lu iiig 
immersed in the liquid, they are attached, by means of a tube soldered to the covor, 
and joined to a trap communicating with a vacuum clinmbor. On tlio tins being 
attached and the top opened, all the air from the tins is drawn into it. They arc then 
immersed in the liquid at a low temperature, which is gradually raised, if chloride of 
calcium is used, to 270° Fahr., and the moat is exposed to this heat for a period varying 
from oil© to two hours. 

XumeMus other processes have been employed, most of tliem ]iartaking in some 
respects of the characters of one or the other of those described. It cannot, however, 
be said that any of them have been entirely successful. The chemical processes in all 
cases impart some peculiar flavour to the meat; and tlio meat preserved by cooking 
or partially cooking it in tins, was not jialatable, being in more cases soJdencKl in the 
process. The preservation of fisli and vegetables has been carriid out far more 
efficiently. 

MBSAliB. A piece of metal, usually of gold, silver, or bronze, impressed as 
coins are, but not intended to serve the same purposes as coins. 'I'hey are made to 
celebrate some great event in the history of a ptu)})le, or to per}>etuate the memory of 
some one who has in some way rendered himself illustrious, or they may be for tlie 
purpose of giviug distinction to men. The ancients, who produced many excellent 
examples of the medalist's artistic skill, struck their medals witli a haninufr ; tlie 
moderns now use the coinage press. Upon the meiials produced in nuKlern times the 
highest art has been bestowed, and some of them ai*e very beautiful. I'he lute 
Mr. Wyon, of the Royal Mint, produced during his life-lime many medals, which 
may be regarded as sujx.Tior examples of the medalist's art. Mkdalkts ar»’ small 
me^ls, often used in Catholic countries, impressed with figures of the BJiints. 
Mkoaluons were a larger kind of medals, struck as gift.s by the Ronuin einj>eror.s. 
Til© process ot preparing a medal is as follows : — 

A me<l;ii die is first formed ; steel of an uniform texture and kind being selected, 
it is forged, softened by auiieuling, and the face and cheek for the collar turned. 
The design approved of, the die-sinker proceeds to cut away those parts of the 
greatest depth by means of small chisels: the more minute deUiih^ are taken out 
hy gravers, chisel-edged, and gouged steel tools fitted into wood handles very 
short, and to fit the palm of the hand. As the work proceeds, proofs are taken in 
wax ; when defective in form, the cutting is corrected, and when deficient in relief, it is 
sunk deeper. It will of course be borne in mind that, what will bo relievo in the medal 
is intaglio in the die. The inscription is introduced by means of small letter-punches. 
Then follows the hardening of the die, a stage ol the business the most criticail, as a 
defect in the steel will at once be made up))arent thereby, and the labour of mouths 
rendered useless in a few minutes. If the die endures this, il lias only another ti st, 
viz., the making of a * hub,’ or copy of the die in steel, and used for the corivction 
of the dnplicate copies of the die. The danger in this case arises from the waiii of 
uniformity of hardness. If irregular, one portion of the die must suffi r, and bt eome 
valueless. 

Medal-making or stamping is thus carried on -Tlie press consists of e hirge and 
close-threaded screw, to the top of which a large wheel is attached horizontully, I'lie 
bed of the prew it fitted with screws to secure the die in its place ; wheu tliis is done 
the collar which givea the thickness of the medal is fitt(;d on, the die forming the 
reverse of the me£l is attached to the screw, and a blank (a piece of metal cut out to 
fym the medal) is Umu introduced. Motion is im^rted to the wheel, which operates 
m the screw : a blow is given, and if the impression is soft and shallow, a medal is 
mdimed; but if dse|v lipsnted Mows are given to bring the impression up. When 
mam or tihtr is tie «M&d«l in which the medal is to be produced, as many as 20 
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or even 30 blows are necessary. The medal is then taken out of the press, the edge 
turned, and the operation is complete. 

By ‘ collar dio,’ is meant that portion which gives the thickness to the medal or coin 
to be struck. All medal-dies are of three parts, viz., the reverse, obverse, and collar. 
The smaller class of dies are cut in steel entirely, the larger kinds for brass foundry 
and otlicr purposes are ‘laid’ or covered with steel on a foundation of iron. When 
indentations occur, the die is what is called ‘fullered ’or hollowed, and the steel 
follows the same in a parallel thickness. See Mint. 

MSBXLKAP. Tho Dutch commercial name for Madder-root. See Madder. 

MBBBBCBAUIIK (Ger. ; Sea- froth, Eng. ; Blcume de Mer, Magnhie carhonaUe 
siliciferc, Fr.) is a white mineral, of a somewhat earthy appearance, always soft, but 
dry to the touch, and adhering to tho tongue. Specific gi'avity, 0 8 to 10; when 
moist, nearly 2’0; aflTords water by calcination; fuses with difficulty before the 
blowj)ipe into a white enamel ; and is acted upon by acids. It consists, when pure, 
of silica, 6()*9 ; magnesia, 26-1 ; water, 12-0. An analysis by Bertliier gave, silica 50, 
magnesia 25, water 25. It occurs in veins or kidney-shaped nodules, among rocks 
of serpentine, chiefly at Kiltschik in Asia Minor; also in the island of Negropont, 
iLskihi-shir in Anatolia, Brussa at the foot of Mount Olympus, at Balclissoro in 
Piedmont, &c. 

When first dug up, it is soft, and lathers like soap ; on which account, and from 
its absorbing grease, it is used by tho Tartars in washing their linen. Tho well- 
known Turkey toLaceo-pipes are carved from it. The bowls of the pipes, when 
imported into Germany, are prepared for sale by soaking them first in tallow, then in 
W’ax, and finally by polishing tliem with shave-grass. 

‘ The most extensive deposits of meerschaum in Asia Minor (we learn from the Poly- 
technisches Cc7iiralhlati), is a short way S.E. from the town of Eskischehr, the ancient 
Doryloa, the population of w'hich, about 12,000 Armenians and Turks, is mostly 
engaged in tho working and sales of it. It is bronglit from the galleries of pits 8 to 10 
metres in depth. In one pit there will he 40 to 50 minors ; and these, forming a society, 
share tho profits from tho min(?ral. The size of the stones, which are generally very 
irregular, varies from that of a nut, to a cubic foot or more. The mineral, fresh from 
tlio ground is covered about a finger thick with red oily earth, and is so soft that one 
can cut it with a knife. Its preparation is slow and troublesome. After removal of 
the earth, it is dried 5 to 6 da3's in the sun or 8 to 10 in a hot chamber, then it is 
cleaned again and polished w’itli wax. Then the different kinds, of which there are 
ten, are sorted and carefully packed with wool in boxes. By cleaning and drying, the 
stones lose about two-thirds of their weight and volume. Tho largest quantities are 
sent to Austria (Vienna) and Germany, and the annual export is about 8,000 to 10,000 
boxes, representing a value of 1,200,000 florins. The Turkish Government impose a 
tax of 12i per cent, at tho place of extraction of tho raw material, and a further tax 
of 12 j per cent, on the sale,’ 

nXESbAMZirB. (C’H^JMT®). An alkali produced from melam under tho 

influence of boiling potash. It is isomeric with cvanamiilo from w'hich it may bo 
produced by the action of heat. Melam is obtained by the distillation of salphocya- 
nato of ammonia. 

MBBBXTB. (Eng. and Fr. ; llonigalein, Ger.) See IIoneystone. 

MBXil^TZC ACZDf which is associated with alumina in tho precoding mincDil, 
crystallises in small colourless needlos, is without smell, of a strongly acid taste, per- 
manent in the air, soluble in water and alcohol, as also in boiling hot concentrated 
sulphuric acid, but is decomposed by hot nitric acid, and consists of 50*21 carbon and 
49*79 oxygen. It is carbonised at a red hejit, without tho production of any inflam- 
mable oil. See Watts’s ‘ Dictionary of Chemistry.' 

MBZiZiOBrB (Syu. Mdlane) is a compound of carbon and nitrogen, discovered 
by M. Liebig, by heating bi-sulpbo-cyanide of mercury. The mollono remains at the 
bottom of the retort under the form of a yellow powder. See Watts’s ‘ Dictionary 
of Chomistry.’ 

MBZiTnro POTS, or Crucibles. The best crucibles are formed from a 
pure fire-clay, mixed with finely-ground cement of old crucibles and a portion of 
black lead or graphite. Some puuiidod coke may be mixed with tho plumbago. The 
clay should be prepared in a similar way as for making pottery ware ; the vessels, 
after being formed, must bo slowly dried, and then properly baked in the kiln. Cru- 
cibles formed of a mixture of 8 parts in bulk of Stourbridge clay and cement, 6 of 
coke, and 4 of graphite, have been found to stand 20 meltings of 76 pounds of iron 
each, in the Royal Berlin Foundry. Such crucibles resisted the greatest possible 
heat that could be produced, in whicli even wrought iron was melted, equal to 160® 
or 166® Wedgwood ; and bore sudden cooling without cracking. 

Another composition for brass-founding crucibles is the following Stourbridge 

VoL.ni. Q 
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dsj ; ^ burned-clay cement ; J coke-powdor ; pipe-clay. The pasty mase must be 
compressed in moulds. Hessian crucibles from Great Almerode and Epterode 

are made from a fire-clay which contains a little iron, but no lime ; it is incorporated 
with siliceous sand. The dough is compressed in a mould, dried and st rongly kilned. 
They stand saline and leaden fiuxos in assaying operations very well ; are wither 
porous on account of the coarseness of the sand, but are thereby less apt to crack 
firom sudden heating or cooling. They molt under the fusing-point of bar-iron. 
Beaufay in Paris has lately succeeded in making a tolerable imitation of the Hessian 
crucibles with a fire-clay found near Isamur in the Ardennes. 

Berthier has published the following elaborate analyses of several kiuds of 
.crucibles : — 
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... 

1 ... 
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0*5 
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i 
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1 

... 

... 

... 
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WurruT states the composition of the sand and clay in the Hessian crucibles 
as follows : — 

Clay; silica 10-1 ; alumina ; oxides of iron and manganese 1-2 ; lime 0*3 ; W’ater23 
Sand; „ 95-6; „ 21; 15; „ OS 

The composition of some of the l»est varieties of fire-clay, as deduced from the 
analyses of Berthier and hialvetat, is given in the following lai/lo: — 
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Quoted J'rvin Kuupfa ‘ Tevhnolcyy' 


Mr. C. Cowper has analysed the clays used at Birnunghain for glass-pou. Ills re- 
sults were as follow : — 
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1000 

100*0 

i 100*0 

1 


Blackdead crucibles are made of two parts of graphite and one of firew'lay. mixed 
with water into a paste, J^essed in moulds, and well dried, but not baked hard in llit* 


Iwainflp Knlrn^f in kiln 
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kiln. They bear a higher heat than the Hessian crucibles, as well as sudden changes of 
temperature ; have a smooth surface, and are therefore preferred by the melters of gold 
and silver. This compound forms excellent small or portable furnaces. 

The crucibles from Passau or Ipser are made from one part plastic clay from 
Schiklorf, and from two to three parts of an impure graphite, which, according to 
Berthier’s analysis, consists of— 


Carbon 34 

Silica 41 

Alumina 15 

Oxide of iron 8 

Magnesia, water 2 


100 


Berthier has examined the crucibles of different districts ; his results are as follow 


i 

Silica 
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Oxide of 
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Magnesia 

Crucibles from Gros Almerodo . . i 

70-9 

24-8 

3-8 
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-- - 
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72-3 
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3-9 

... 
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„ St. Etienne (for steel) 

05-2 

250 

7-2 


Glass pots from Nemours . . . j 

67-4 

320 

0-8 

... 

„ Bohemia . . . j 

680 

29-0 

2-2 

0-5 


Mr. Anstey describes his patent process for making crucibles as follows : — Take 
two parts of fine-ground raw Stourbridge clay, and one part of the hardest gas-coke, 
previously pulverised, and sifted tljrough a sieve of ono-eighth of an inch mesh (if the 
coke is ground too fine, the pots arc very apt to crack). Mix the ingredients together 
witJi the proper quantity of water, and tread th(‘ mass well. The pot is moulded by 
liand upon a wooden block, supported on a spindle which turns in a hole in the bench ; 
there is a gauge to regulate the thickness oftho melting pot, and a cap of linen or cotton 
placed wet upon the C(»re before the clay is applied, to prevent the clay from sticking 
partially to the core, in the taking-off; the cap adheres to the pot only while wet, and 
may be removed without trouble or hazard when dry. Ho employs a wooden bat to 
assist in moulding the pot ; when moulded, it is carefully dried at a gentle heat. A 
pot dried as above, when wanted for use, is first warmed by the fire-side, and is then 
laid in the furnaeo vitli the mouth dowmwards (the red cokes being previously 
damped with cold ones in order to lessen the heat) ; more coko is then thrown in till 
the pot is covered, and it is now brought gradually t-o a red heat. The pot is next 
turned and fixed in a proper position in the surface, without being allowed to cool, 
and is tlion charged with cold iron, so that the metal, when molted, shall have its sur- 
face a little below the mouth of the j)ot. The iron is melted in about an hour and a 
half, and no flux or addition of any kind is made use of. A pot will last for fourteen 
or even eighteen successive imsltiugs, provided it is not allowed to cool in the intervals ; 
but if it is cool, will probably crack. These pots, it is said, can boar a greater heat 
than others without softening, and will, consequently, deliver the metal in a more fluid 
state than the best Birmingham pots will. 

The Cornish crucible has been long known, and valued for all assaying purposes. 
They are prepared in largo quantities for the ordinary assays made in tlie county, and 
are exported in considerable numbers. The base of these crucibles is the Poole and 
Stourbridge clay, which is mixed with a certain proportion of sand obtained from 
St. Agnes, and ground pots. 

I)r. Percy has favoured us with his analysis of the Cornish crucible : — 


Silica 72-29 

Alumina ....... t 26*32 

Peroxide of iron 1*07 

lime 0*38 

Magnesia . , 

Potash 1*14 


Mmr ACC AJrZTE. An ore of titanium, found in the bed of a rivulet which tows 
into the valley of Monaccan in Cornwall. 

XMWEOmiT, or Quicksilver, This metal is distinguished by its fluidity at com- 
mon temperatures; its specific gravity » 13*6 ; its silver-blue lustre ; and its extreme 
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mobility. A cold of 89® below aero of Fahrenheit, or —40® Cent., is required for its 
congelation, in which state its density is increased in the proportion of 10 to 9, or it 
becomes of specific gravity 16*0. At a temperature of d62° F.it boils and distils off in 
an elastic vapour of specific gravity 6*976, which, being condensed by cold, forms puri- 

rifled mercury. 

Mercury combines with great readiness with gold, silver, zinc, tin, and bismuth, 
forming, in certain proportions, fluid solution of those metals. Such mercurial alloys 
are cal£d anudgams. This property is extensively employed in many arts ; as in ex- 
tracting gold and silver from their ores ; in gilding, plating, making looking-glasses, 
&C. (See Amalgam.) Humboldt estimates at 16,000 quiutals, of 100 lbs. each, 
the quantity of mercury annually employed in the treatment of the ores of the mines 
of New Spain ; three-fourths of which came from European mines. 

The mercurial ores belong principally to the following four species : — 

1. Native quicksilver. — It occurs in most of the mines of the other mercurial ores, 
in the form of small drops attached to the rocks, or lodged in the crevices of other ores. 

2. Native silver amalgam. — It has a silver-white colour, and is more or less soft, 
according to the proportion which the mercur^’^ bears to the silver. Its density is 
sometimes so high as 14. A moderate heat dissipates the mercury, and leavers the 
silver. Klaproth states its constituents at silver 36, and mercury 64, in TOO; but 
Cordier makes them to be, 27i silA'er .and 72.^ mercury. It occurs crystallised in 
the cubic system. It has been found in the territory of lleux-Ponts ; at Rozenau .and 
Niderstana, in Hungary, in a canton of Tyrol, at Sala in Sweden, at Kolyvan in 
Siberia, and at AUemont in Bauphiny ; in small quantity at Almadcniii Spain, and at 
Idria in Carniola. In the rich silver mines of Arquoros, near Coquimbo, diis mineral 
occurs, having the composition, silver 86*49, mercury 1.3*51. This is the arquerite of 
Bomeyko. By the chemical union of the mercury wilJi the silver, Ihts amalgam, which 
should by calculation have a specific granty of only 12*5, acquires that of 14‘11, 
See Amalgam ; Aequerite. 

8. Sulphide of Mercury, commonly called Cinnahar, is a red mineral of various 
shades ; burning at the blowpipe with a blue flame, volatilising entirely with the smell 
of burning sulphur, and giving a quicksilver coating to a plate of coj>per held in the 
fumes. Even the powder of cinnabar rubbed on eopj>er whitens it. Its density varies 
from 6*9 to 10*2. It becomes negatively electrical by friction. Analysed by Klaprotli, 
it was found to consist of mercury 84*5, sulphur 14-75. Its composition, viewed .ns a 
bisulphuret of mercury, is, mercury 86*2. sulphur 13-8. It s chiiif localities are Idria, 
in Carniola; Almadcn, in Spain ; and New Almaden. in Culifi)rnia. It is found also 
at Wolfstein, in Rhenish Bavaria; in Saxony, in tlio Ilartz; in Carinthia, Styria, 
Bohemia, Hungary, and Tuscany ; in the Ural and Albii ; in China, Japan. Queensland, 
Mexico, and Peru. See Oiknabar. 

A bituminous sulphide of mercury appears to be the l)a.se of t he great exploration of 
Idria; it is of a dark liycr-red hue, and of a slaty texture, with straight or twisted 
plates. It exists in large masses in the bituminous selnsts of Idria. M. Rerard 
mentions also the locality of Miinst-er-Appel, in the duchy of Beux-Ponts, where the 
ore includes impressions of fishes, curiously spotted with cinnabar. 

The compact variety of Idina ore seem.s very complex in compo.sition, according 
to the following analysis of Klaproth: — Mercur3% 81*8 ; sulphur, 13*75; carbon. 2 3 ; 
silica, 0*65 ; alumina, 0*65 ; oxide of iron, 0*20 ; copper. 0*02 ; w*ater, 0*73 ; in 100 
parts. M. Berard mentions another variety from the Palatinate, which yield.s a largo 
quantity of bitumen by distillation ; and it wfis present in all tlie specimims of these 
ores anal3rBed by Br. Ure for the Germ.an Mines Company. At Idria and Almaden 
the sulphides are extremely rich in mercuiy'. 

4, Chloride of ^ mercury^ or Native Calomel, commonly called Horn-mercury. Tliis 
mineral, which is veiy rare, occurs in very small crystals of a pearl-grey or greonisli- 
gwy odour, or in small nipples which stud, liko crystals, the cavitie.s, fissun‘.s, 
or geodes among the ferruginous gangues of the otlier ores of mercury. It is brittle, 
and entirely volatile at the blowpipe ; chcaracters which distinguisli it from horn 
silver. See Calomel. 

Ores of raoremy are found in rocks of almost every geological age. At Almaden, 
in Spain, they occur in deposits at the contact of Silurian slat.es M*ith a metamorphic 
rock locally 'called At Ripa, in Tuscany, the A^eins traverse mica-slate. 

The deposits at Deux-Ponts, or Zwcibriicken, in the Palatinate, are said to be in rod 
sandstones of Penman age, and in the zechstein, or magno.sian limestone. At Idria, 
in Carniola, the ores are disseminated through shales and black compact limestones 
of the Jurassic period; and at New Almaden, in California, the rocks centaining the 
cionahar belong to the Cretaceous period. Cinnabar is now in course of formation in 
the siliceous deposits thrown down from the hot springs of California and 
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Tho great mines of Idria in Friuli, in the county of Goritz, were discovered in 
1497, and the principal ore mined there ia the bituminous cinnabar. The workings 
of this mine have been pushed beyond the depth of 280 yards. The product in quick- 
silver might easily amount annually to 6,000 metrical quintals = 600 tons British ; but, 
in order to uphold the price of tho metal, the Austrian Government has restricted the 
production to 150 tons. The memorable fire of 1803 was most disastrous to these 
mines. It was extinguished only by drowning all the underground workings. The 
sublimed mercury in this catastrophe occasion^ diseases and nervous tremblings to 
more than 900 persons in the neighbourhood. 

The mines of Almaden according to Pliny supplied the Greeks with red cinnabar 700 
years before the Christian era; and Borne, in his time, annually received 700,000 
pounds from the same mines. Since 1827, the Almaden mines have produced 22,000 
cwts. of mercury every year, with a corps of 700 minors and 200 smelters ; and, 
indeed, the veins are so extremely rich, that though they have been worked pretty 
constantly during so many centuries, the mines have hardly reached the depth of 
330 yards, or something less than 1,000 feet. The lode actually under exploration 
is from 14 to 16 yards thick, and it ])ecomes thicker still at the crossing of the veins. 
The ores yield in their smelting works only 10 per cent, upon an average; but there 
is no doubt, that nearly one-half of tho quicksilver is lost, and dispersed in the air, to 
tho great injury of the workmen’s health, in consequence of tho barbarous apparatus 
of aludels employed in its sublimation ; an apparatus which has remained without 
any material change for the bettor since the days of the Moorish dominion in Spain. 
M. Lo Play, wdio phblishod, in the Aimahs dcs Mines, his Jtimrairc to Almaden, says, 
that the mercurial contents of the ores are notahlemcnt plus elcvies than tho product. 

These veins extend all tho way from the town of Chillon to Almadenejos. Upon 
the borders of the streamlet Baldo Alogues, a black slate is also mined which is abun- 
dantly impregnated with metallic mercury. 

These celebrated mines, near to which lie those of Las Cuebas and of Almadenejos, 
after having been tho property of the religious knights of Calatrava, who had assisted 
in expelling tho Moors, wore farmed off to the celebrated Fugger merchants of 
Augsburg; and afterwards explored on account of tho government, from tho date 
of 1645. Their produce was, till very lately, entirol}'’ appropriated to the treatment 
of tho gold and silver ores of the New World. 

Tho mines of the Palatinate, situated on the left bank of the Bhine, though they 
do not approach in richness and importance to those of Idria and Almaden, merit, 
however, all tho attention of the government that farms them out. They are nu- 
merous, and varied in geological position. Those of Drey-Kdnigszug, at Potzberg, 
near Kussel, desen’o particular notice. Tho workings have reached a depth of more 
than 220 yards ; the ore being a sandstone strongly impregnated with sulphuret 
of mercury. Tho produce of these mines is estimated at about 30 tons per annum. 

There are also in Hungary, Bohemia, and several other parts of Germany, some 
inconsiderable mines of mercury, the total produce of w'hich is valued at about 30 or 
40 tons on an aA^erage of several years. 

The mines of Hiianca\'elica, in Peru, are tho more interesting, as their products are 
directly employed in treating the ores of gold and silver which abound in that portion 
of America. These quicksih^er mines have been explored since 1570, the actual pro- 
duce of the explorations being, according to Helms, about the beginning of this 
century, from 170 to 180 tons per annum. 

In 1782 recourse was had by the South American miners to the mercury extracted 
in tho province of Yun-nan, in China. 

The mercurial mines of California are thus described by Dr. Tobin : — 

‘ That part of California where I haA'o been residing, and that which I have just 
visited, consists of three long ranges of trap mountains, with two wide valleys dividing 
them, the A’alley of tho San Joaquin, and tho A^alley of Santa Clara. Near this last 
I)laco are tho quicksilver mines of Now Almaden, where I have been working. The 
matrix of the cinnabar ore is the same trap of which the mountain ranges tire com 
posed, and as yet only one great deposit of this ore has been found, though traces 
of quicksilver ores have been discoverecl in other places. The ores are composed 
solely of sulphuret of mercury (averaging 36 per cent.), red oxide of iron, and silica; 
and, had tho mine been prop(?rly worked from tho commencement, almost any quaxi» 
tity of ore might be extracted ; it now, however, more resembles a gigantic rabbit- 
warren than a mine. Its greatest depth is about 160 feet, and the weekly extraction 
of ores varies from 100 to 150 tons. 16 cylinders are at work, producing 1,400 to 
1,600 lbs. daily. 

Mr. Bussoll Bartlett, the United States Commissioner on the Mexican and United 
States Boundary (juestion, Avho lisited California in 1863, states that the quantity of 
quicksilver produced annually at New Almaden, exceeds 1,000,000 lbs* Haring the 
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year 1853 the total exports from San Frandsco amounted to 1,350,000 lbs., valued at 
583,189 dollars. All this, together with the large amount used in California, was the 
product of the New Almaden mine in the Santa Clara county, 12 miles from the town 
of San Jos^, which is 64 miles from the dty of San Frandsco. The working of the 
mine was begun in the year 1840-7 by an Englisli company, but for some reasons 
was not profitable ; in 1849-50 it fell into American hands. 

The analysis compared with that of the Old Almaden ore furnished the following 
results to Mr. Bealey (‘ Quarterly Journal of Chemical Society,’ vol. iv.) ; — 
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Prodiu;tion of Quicksilver in California, 




1 1860 

1870 

1871 

1872 

1873 

New Almaden Mine 

New Idria Mine 

Eedington Mine 

Sundry other mines . 

flasks 
25.(500 
12.300 
8.700 
2.100 1 

flask.s 

17,000 

10,450 

6.000 

1,150 

flasks 1 

14.000 

10.000 
4,546 
1,000 

flasks 

18.763 

9,227 

2.128 

3,763 

flasks 

17,763 

8,597 

2,456 

1,500 

flasks 

12.000 

7,600 

4,200 

4,800 

Total 

48.700 j 

33,600 

29.546 

31,881 

30,306 

28,600 


MetaUurgy of Quicksilver. — The mctfillurgic treatment of the quicksilver ores is 
tolerably simpie. In general, when the sulpburet of mercury, the most common ore, 
has been pulverised, and sometimes washed, it is introduced into retorts of cast iron, 
sheet iron, or even stoneware, in mixture with an equal weight of quicklime. These 
retorts are arranged in various ways. 

Prior to the 17th centurj*, the method called per dcscensnm was the onl}^ one in use 
for distilling mercury; and it was effect, od by means of two earthen ]x)ts adjust i*d 
over each other. The upper pot, filled with ore, and closed at the toj^, uvis covered 
over with burning fuel ; and the mercurial Vtipours expelled by the heat, passwl down 
through small holes at the bottom of the pot, to be condensed in another vessel placed 
below. However convenient this apparatus might be. on account of the facility of 
transporting it, wherever the ore was found, its inefficiency and the losses it occa- 
sioned were eventually recognised. Hence, before 1635, some smelting works of 
the Palatinate, had given up the method per descemum, which was. however, still 
retained in Idria ; and they substituted for it the furnaces called galleries. At first 
earthenware retorts were employed in these furnace s ; l)Ut they were soon succeeded 
by iron retorts. In the Palatinate this mode of operating is still in use. At Idria, 
in the year 1760, a great distillatory apparatus was established for the troatincrit 
of the mercurial ores, in imitation of those which previously exist€?d at Almaden, 
in Spain, and called aludel-fumaccs. But, since 1794, these aludels have bci-n 
suppressed, and new distillatory apparatus have been constructed at Idria, remark- 
able only for their magnitude ; exceeding, in this respect, every other metal lurgic 
erection. 

There exist, therefore, three kinds of apparatus for the 
distillation of mercury: 1, the furnace called a gallery; 
2, the fumaee with aludels ; and «3, the large apparatus 
of Idria. We shall describe each of these briefly, in suc- 
cession. 

1. Furnace caUed Gallerp of the Palatinate. — The con- 
struction of this furnace is disposed so as to contiiiii four 
ranges, a a', h b\ of large retorts, styled cucurbits, of cast 
iron, in which the ore of mercury is subjected to distilla- 
tion. This arrangement is shown in fig. 1432, which 
fw«8ents a vertical saetion in the line a 5 of the ground plan, fig. 1433. In the 
rfan tbe ranf ss, of the furnac© (fig^ 1432) is supposed to be lifted off, 
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ill order to show the disposition of the four ranges of cucurbits upon the grate 
figs. 1432, 1434, which receives the pit-coal employed as fuel. Under this 
gi’ato extends an ash-pit. tf, 

fig. 1434, which exhibits an ^^33 

draught* of air may iT.eeive^^ 

suitable direction. Tlio grate of the fireplace extends Jl^, n 

over the wliolo length of tho fum.-ico, 1433, from the j 

door c to tlio door J\ sitiinted at the opposite extremity. aS 

The fiirnacG called includes commonly 30 cucurbits, ^ 

and in some establishments oven 62. Into each are intro- 
diiccd from 56 to 70 pounds of ore, and 15 to 18 pounds 

of quicklime, a mixture which fills no more than two-thirds ^ I^Kvtiafc'Vv 

of the cucurbit ; to the nock a stoneware receiver is adapted, 
containing water t(» half its height. The lire, at first ' ' ' 

moderate, is eventually puslied, till tho cucurbits are red hot. The operation being 
concluded, the contents of the receivers are jjoured out into a wooden bowT placed 
upfin a plank above a bucket ; the quicksilver falls to tho bottom of the bowl, and tho 
water draws over tho mercury ^ for so the substance that coats the inside of tho 
receivers is called. This is considered to be a mixturo of sulphide and oxide of 
mercury. Tho hlack mercury, taken out of llie tub and dried, is distilled anew with 
excess of lime ; after w'liich the residuum in tho retorts is thrown away as useless. 

2. Ahidd -furnaces of Almadcn. — Figs. 1435 to 1438 represent tho great furnaces 
^vith aludcls in use at Almadcn, and 
anciently in Idria; for between the 

two ostablishmonts there was in fact ^ 1435 ^ 

little difference before tho year 1794. H|H||jP S 

Figs. 1435 and 1438 present two H|||jp ® 

vertical sections ; figs. 143G and 1437 pj|jHB K 

are two ^lans of two similar fur- S||jj|||n' ® 

naccs, conjoined in one body of brick- |l||||| ^ ' 

work. In tlu; four figunjs the follow- HHjl 
ing objects are to bo remarked; a 
door a, by which tho wood is intro- 

duct'd into the fire-place 5. Thi.s is ^1111 1 ||IIP^ 

}ierlbrated with holes for the passage HjlwliiS a 

of air; the ash-pit r, is seen bcneatli. HjllHBlfi / ® I \A 1 

An upper chamber d, coatains the ^ 

mercurial ores distributed upon opcni • 

. arches, 'which fonn the perforated 
sole of this chamber. Immediately 1136 


over these arclies, there are piled up 
in a dome form, large blocks of a 
limestone, very poor in quicksilver 
ore ; above thi-se are laid bhxks of a 
smaller size, then ores of rather in- 
ferior quality, and sttimped ores mixed 
with richer minerals. Lastly, the 
whole is covered up with soft bricks, 
formed of clay kneaded with ScUich, 
and with small pieces of sulphide of mercury. Six ranges of aludels or stoneware 
tubes//, of a pear shape, luted together with clay, are mounted in front of each of 
the two furnaces on a double sloping terrace, hviving in its lowest middle line two 
gutters V, a little inclined towards the intermediate wall m. In each range the 
aludel placed at the lino t m 1436, that is to say at the lowest point, 1485t 
1438, is pierced with a hole. Thereby tho mercury which had been volatilised in <2, 
if it bo already condensed by the cooling in the scries of aludels f g, may pass into 
the* corresponding gutter, next into tho hole fit, fig. 1436, and after that into tho 
wooden pipes hh^fig. 1435, which conduct it across tho masonry of the terrace into 
cisterns filled with water ; see q, fig. 1437, which is the plan of fig. 1438. 

Tho portion of mercuiy not condensed in tho range of aludels, /y, which u the iBOSt 
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considerable! goes in the state of vapour into a chamber k ; but in passing under a 
partition / A a certain portion is deposited in a cistern i, filled with water. The greater 


1437 



part of the vapours diffused in the chamber k is thereby condensed, and the mercury 
falls down upon the two inclined planes which form its bottom. What may still exist 



as vapour passes into an upper chamber ^'by a small chimney n. On one of the sides 
of this chamber there is a shutter which may be opened at pleasure from below up- 
wards, and beneath this shutter there is a gutt(*r into which a notable quantity of 
mercury collects. Much of it is also found condensed in the aludels. These facts 
prove that this process has inconveniences, ■wliicli liavc been tried to be remedied by 
the more extensive but rather uuchemical grand apparatus of Idria. 

Details of the Aludel A^pparatm, — 25 aludels arc set in each of the 12 ranges, seen in 
figs, 1437, 1438, constituting 300 pear-shaped stoneware ve.ssels, open at both ends, V>eing 
merely thrust into one .another, and luted with loam, a, is the door of the fire-place ; 
c, the perforated arches upon which tlic ore is piled in the chamber c, through the 
door rf, and an orifice at top ; the latter being closed during the distillation ; // are 
vents for conducting the mercurial vapour.s into tM’o chambers i, separated by a tri- 
angular body of masonry mn\ h i.s the smoke-chiinney of the fire-place; oo are tlio 
ranges of aludels, in connection with the chamber i, M’hich are laid slantingly towards 
the gutter upon the double inclined piano terrace, and terminate in the chamber h q ; 
this being surmounted by two chimne3^s t. The mercury is collected in these aludels 
and in the basing at q andp, fig. 1437. r is a thin stone partition set up betw'cen the 
two principal walls of each of the furnaces, v is the stair of the aludel terrace, 
leading to the platform which surmounts the furnace ; is a gutter for conducting 
away the rains which may fall upon the buildings,^. 1438. 

8. ixreat Apparatus of Idria. — Before entering into details of this laboratory, it will 
not be naeless to state the metallurgic classification of the ores treated in it : 1. The 
ores in large blocks, fragments, or shivers, whose size varies from a cubic foot to that 
of a nut. 2. The smaller ores, from the size of a nut to that of grains of dust. 

The first class of large ores comprises three subdivisions, namely : a, blocks of 
metalliferons rocks, whioi is the most abundant and poorest species of ore, afford- 
ing only 1 per cent, of mercury ; 5, the massive sulpliide of mercury, the richest and 
rarest ore, viMing 80 per cent when it is picked ; c, the fragments or splinters 
proceeding man the breaking and sorting, and which vary in value from 1 to 40 per 
cent. 

The second class of small ores comprises: d, the fragments or shivers extracted from 
the mine in the state of little pieces, affording from 10 to 12 per cent. ; e, the kernels 
of ow separated on the sieve, yielding 32 per cent. ; /. the sands and jmste called 
obtained in the treatment of the pooregt ores, by ineans of tlu; stanqis and 
washing tables ; 100 parts of this scUieh give at least 8 of quicksilver. 

^6 general aspect of the apparatus is indicated hy figs, 1480, 1440, 1441, and 1442. 
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Fig, 144:1 represents the exterior, but only one half, which is enough, as it resembles 
exactly the other, which is not shown. In these three figures the following objects 
may bo distinguished : j^gs> 1439, 

1440, a, door of the fire-place; A, 
the furnace in which beech- wood is 
burned mixed with a little fir-wood ; 
c, door of the ash-pit, extended be- 
neath ; d, a space in which the ores 
are deposited iipon the seven arches, 

1 to 7, as indicated in figs, 1439 
and 1442 ; c r. brick tunnels, by which 
the smoko of the fuel and the va- 
pours of mercury pass, on the one side, into successive chambers f k, 
f g h ij k I are passages which p(^rmit the circulation of the vapours from the furnace 
ah cd, to the chimneys//. Fig,s. 1439 and 1440 exhibit clearly the distribution of 
those openings on each side of the Siime furnace, and in each half of the apparatus, 
which js double, ii\ifig. 1440 shows; the spaces without letters being in every respect 
similar to the spaces mentioned below. Fig. 1440 is double the scale oifig. 1439. 



1440 

i; 





mm'ifig. 1440, are basins of reception, distributed before the doors of each of the 
chambers /!•/ 1''. The condensed mercury which flows out of the chambers is con- 
veyed thither. n' is a trench into which the mercury, after being lifted into the 
basins m, is pour('d, so that it may run towards a common chamber o, in the sloping 
direction indicated by the arrows, o loads to the chamber where the mercury is 
received into a porphyry trough ; out of which it is laded and packed up in portions of 
60 or 100 lbs. in sheep-skins prepared •with alum. 
pp', fig. 1439, are vaulted arches, through which a 
circulation may go on round the furnace abed, on the 
ground level, j 9' are the vaults of the upper stories, 
r r', fig, 1441, vaults which permit access to the tunnels 
d d\ fig. 1442. 

and tt\fig. 1441, arc the doors of the chambers 
fk and f k\ These openings arc shut during the 


1442 




distillation by wooden doors faced with iron, and luted with a mortar of clay and 
lime. V v! is the door of the vaults 1 to 7 of the furnace represented in fig, 1439. 
These openings are hermetically shut, like the preceding, v v,fig. 1439, are superior 
openings of the chambers, closed during the operation by luted plugs; they are 
opened afterwards to facilitate the cooling orthe apparatus, and to collect the 
mercurial soot, .vg c, fig. 1 442, are floors which correspond to the doors of tlie 
vaults 1 to 7yfig. 1411. These floors are reached hy sbiirs set up in the different 
parts of the building which contains tho ■whole apparatus. 

On the lower arches tho largest blocks of metalliferous rock are laid, over thm 
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the less bulky fi»gments are arranged, which are covered with the ehivers and pieces 

i‘ middle vaults, the small oro is placed, distributed in 

cjlindncal pipldns of earthenware, of 10 inches diameter and 6 inches depth. The 
upwr vaults receive likewise pipkins filled with the sands and pastes called hchlich. 

A labours of 40 men, the two double sots of apparatus are charfred, 

all the apertures are closed. A quick fire of beech -wood is then kindled, and 
whra the whole mass has become sufficiently heated, the sulphuret of mercury 
to vaporise ; coming into contact with the portion of oxygen which had not 
been carbonised by combustion, its sulphur burns into sulphurfius acid, while the 
mercury beromes free, passes with the other vapours into the chambers for condensing 
it, and precipitates in the liquid form at a greater or less distance from the fire-place. 
The walls of the chambers and the floors, witli which their lower portion is covered, 
are soon coated over with a black mercurial soot, which, being treated anew, furnishes 
50 per cent, of mercury. The distillation lasts from 10 to 12 hours ; during which 
time the whole furnace is kept at a cherry -red heat. A complete charge for the two 
double apparatus consists of from 1,000 to 1,300 quintals of ore, which produce from 
80 to 90 quintals of running mercury. The furnace takes from 5 to 6 days to cool, 
acwwiing to the state of the we^ither; and if to that period be added the time re- 
quisite for withdrawing the residuums, and attending to such repairs as the furnaco 
may need, it is obvious that only one distillation can be performed in the course of a 
week. 

^ It has been long well known, that quicksilver may be most readil^^ extracted from 
cinnabar, by heating it in contact with quicklime. The sulpliur of the cinnabar com- 
bines, by virtue of a superior aflSnity with the lime, to the exclusion of the quicksilver, 
to foTO sulphide of calcium, which being fixed, remains in the retort, while the nier- 
cuiy is volatilised by the heat. In a few places, Hammert^cMap, or tlic iron cinder 
driven off from the blooms by the tilting hammer, has boon used inst-eml of lime in 
the reduction of this mercurial ore, whereby sulphurous acid and sulphide of iron 
are formed. 

ITie modes practised at Alniaden and Idria are far from economical ; the ores 
l^ing h^tedupon open arches, and the vapours attempted t o bo condensed by enclosing 
thorn within brick or stone and mortar walls, which can never be rendered cither 
sufficiently tight or cool. 

To ob'idate all these inconveniences and sources of loss, the proper chemical arrange- 
ments suited to the present improved state of the arts ought to be adopted, by which 
labour, fuel, and mercury might ;iU be economised to the utmost ext-ont. The only 
apparatus fit to be employed is a series of cast-iron cylinder iH'lorts. somewhat like 
tho^ employ(^ in the coal-gas works, bnt with peculiarities suited to the condensation 
of the mercurial vapour. Into each of those retort.s, supposed to l>o at least one foot 
flqu!^ in area, and 7 feet lojig, 6 or 7 cwts. of n mixture of the ground ore witli the 
quicklime may be easily produced from a measured heap by means of a sliovel. The 
specific gravity of the cinnabar being more than 6 times that of waU-r, a cubic foot of 
it will weigh more than 3^ ewts, ; but supposing the mixture of it with quicklime 
(when the ore does not contain the cjilcareous matter itself ) to be only thrice the 
de^ty of water, then 4 cubic feet might bo put into each of the above retorts, and 
still leaio 1 J cubic foot of empty space for the expansion of volume whicli may tiiko 



the decomposition. The ore should certainly be ground to a mcKlorately fine 
fw®*, by iftamps, iron cylindew, or an edge-wheel, so that when mixed with quick- 
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lime, the cinnabar may be brought into intimate contact with its decomposer, ^her- 
Aviso much of it will be dissipated improductively in fumes, for it is extremely volatile. 

Fiqs 1443. 1444, 144r) represent a cheap and powerful apparatus contrived by Dr. 
lire iit the request of the German Mines Company of London, and which was mounted 
at Landsberg, no^ir Obermosche!, in the Bavarian Rhein-Krois. 

Fig. 1440 is a section parallel to the 
front elevation of throe arched benches 
of rctort-s, of the size above specified. 

Each bench contains 3 retorts of the form 
represented by a a a. i is the single 
fire-place or furnace, capable of giving 
adequate ignition by coal or wood to the 
three retorts. The retorts w’ere built up 
in an excellent manner by an English 
mason perfectly acquainted with the best 
modes of erecting cnal-gas retorts, who 
was sent over on purpose. 

In the section, jig. 1444, a is the body 
of the retort; its mouth at the right- 
hand end is shut, as usual, by a luted iron 
lid, secured with a cross-bar and screw- 
bolts ; its oUier end is prolonged by a 
sloping pipe of cast iron, 4 inches in 
diameter, furnished with a nozzle-hole at 
1 .. closed with a screw-plug. Through 
this hole a wire rammer may he introduced, to ascertain that the tube is pervious 
and to cleanse it from the mercurial soot, when thought necessary, c is fi cross sec- 
tion of the main condenser, shown in a longitudinal section at c c, fig. 1445. This 

1445 




pipe is 18 inches in diameter, and about 20 feet long. At a a, &c,, the back ends of 
the retort arc seen, with the slanting tubes b b, &c., descending through orifices in 
the upper surface of tlie c()nfleiiscr-pi|,M!, and dipping their ends just below the water- 
line k i. g is the cap of a w'ator-valve, wdiich removes all risk from sudden ex- 
pansion or condensation. The condenser is placed within a roctaiigulnr trough, made 
e.itlier of wood or stone, through W’hich a sufficient strt‘am of water passes to keep it 
perfectly cool, aiul repress every trace of mercurial vapour, and it is laid with a slight , 
inelination from ^ to h, so that the condensed quicksilver may spontaneously flow 
along its bottom, and pass through the vertical tube, n, into the locked-up iron chest, 
or magazine, e. This tube, d, is from the beginning closed at bottom, by immersion 
in a shallow iron cup, always filled with mercur}\ k is a graduated gauge-rod, 
to indicate the progressive accumulation of quicksilver in the chest, without being 
under the necessity of unlocking it. 

I'he air-tight app/iratus was erected some years ago, and was found to act perfectly 
W'cll. The whole cost of the nine large retorts, w'ith their condensing-apparatus, iron- 
magazine, &c., was very little more than two hundred poundsl As the ratorts are 
kept in a state of nearly uniform ignition, like those of the gas-works, neither they 
nor the furnaces are liable to be injured in their joints by the alternate contractions 
and expansions, whicli they would inevitably suffer if allowed to cool ; and being 
always ready heated to the proper pitch for decomposing the^ mercurial ores, they are 
capable of working off a charge, under skilful management, in the course of 8 hours. 
Thus, in 24 hours, with a relay of labourers, 8 charges of at least 6 cwts. of ore each 
might bo smelted ==2 tons with 3 retorts, and 6 tons with 9 retorts; with a daily 
product from the rich ores of Almadcn, or even Idria, of from 12 cwtSi to 20 cwta* 
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The foUoiriag detailed aeoonnt of the apparatus for smelting in California is given by 
lir. Buschenbeiger: — kind of reverberatory-furnace 3 feet by 5, is arranged at the 
extremity of a series of chambers of nearly, if not exactly of the same dimensjons : 
namely 7 feet long, 4 feet wide, and 5 feet high. There are 8 or 10 of these chambers 
in each series ; &ey are built of brick, plastered inside, and secured by iron rods, 
armed at the end with screws and nuts as a protection against the expansion by heat. 
The tops are of boiler-iron, luted with ashes and salt. The first chamber is for a 
wood fire. The second is the ore-chamber, which is separ.itcd from the first a net- 
work partition of brick. The fame of the fire passes through the square holes of this 
partition, and plays upon the ore in the ore-chambers, which, when fully charged, 
contains 10,000 lbs. of cinnabar; next to the ore-chamber is the first condensing- 
chamber, which communicates with it by a square hole at the right upper corner; 
and the communication of this first with the second condeii sing-chamber is by a 
square hole at the left lower corner. An opening at the right upper corner of the 
partition, between the second and third condcnsing-chambers, communicates vith the 
fatter. The openings between the chambers are at the top, and to the right, and at 
the bottom, and to the left alternately ; so that the vapours from the ore-cliambcr are 
forced to describe a spiral in their passage through the 8 condensers. The vapour 
and smoke pass from the last condensing-chamber through a square wooden box, 
8 or 10 feet long, in which there is a continuous shower of cold water, and finally 
escape into the open air by tall wooden flues. The floor, or bottom, of each con- 
deusing-chamber is alxive 2 feet above the ground, and is arranged with gutters for 
collecting the condensed mercury, and convoying it out into an open conduit along 
which it flows into an iron receptacle, from which it is poured into the iron flasks 
through a brush, to clean.se it of the scum of oxide formed on the surface on 
standing. 70 lbs. weight are poured into each flask. There are 14 of these furnaees 
and ranges of condensers, with passages of 8 or 10 fi'ct in width between them. A 
shed is constructed above the whole at a sufficient elevation to j)crmit free circulation 
of the air. 

According to Dumas, the following mines yield annually as follow :—Almaden in 
tSpain, from 2,700,000 to 3,456,000 lbs. avoirdupois; Jdria, 648,000 to 1,080,000 lbs. ; 
Hungary and Transylvania, 75,600 to 97,200 lbs. ; Deux Points, 43,000 to 54,000 lbs.; 
Palatinate, 19,440 to 21,600 lbs. ; Huancavelica. 324,000 11)S. 

The Imports of mercury for the years 1868-72 have been as follow: — 




1868 

18G[) 

1870 



Lbs. 

Computed 
real Till uc 

Lbs. 

Computed 
real valiU' 

Lbs. 

Compnt-ctl 
real value 

From Franco , 


£ 

45.386 

^ ! 

4,019: ... 

£ 


Spain 

3,146.720 

278,621 

2,380,326 

210,757 2.553.861 

257,370 

19 

Italy (Tuscany) 
Austrian Territories . 



29,084 

... 

2.575 

70,740 

8,709 


North Atlantic Ports 

90,773 

8,037, ... 




tt 

Ports on the Pacific . 

187,951 

16,611 

53,760 

4,760 



f> 

Other parts 

6,285 

656 

18,196 

1,611 

20,124 

2,031 

tt 

Portugal . 


... 


121,055 

16,393i 


Total 

3,431,729 

303,855 2,526.752- 223,722'2,765,r80 

' 284,503 


- 

1871 

187-i 

_ _ _ 


Lbs. 

Computed 
real value 

Lbs. 

Computed 
real l alue 

From Spain .... 

41,325 

£ 

4,735 

61,050 

£ 

369,118 

„ Italy (Tuscany) . 

91,439 

9,669 

93,201 

11.525 

„ Austrian Territories . 

135,976 

20,000 

122,536 

18,137 

»» Other parts 

12,750 

1,201 

3,525 

575 

ti Portugal .... 

2,721,407 

379,360 

2,416,782 

369,112 

Total . 

_ . . 1 

3,431,729 

414,905 

' 2,734,091 

407,229 



MERINO 


237 


The Eipporis were as follow from the Californian mines:— 


■ 

1867 

1868 

1869 

1870 


flasks 

flasks 

flasks 

flasks 

To Now York . 

2,900 

4,500 

1,500 

1,000 

,, Grcxit Uritain 

1,500 

3,500 

... 


,, China . . . 

10,011 

17,785 

11,600 

4,050 

„ Mexico 

10,042 

14,120 

8,060 

7,088 

„ .South America . 

3,800 

2,500 

2,900 

1,300 

,, Australia . 

300 

1,580 

300 

300 

,, Fritisli Columbia 

20 

20 

4 

9 

„ Other countries . 

280 

601 

51 

41 

Total . 

28,853 

44,606 

24,415 

13,788 


Mercury is a substance of paramount value to science. Its great density, and 
its regular rate of expansion and contraction by increase and diminution of tem- 
perature, give it the preference over all liquids for tilling barometric and thermo- 
metric tubes. In chemistry it furnishes the only moans of collecting and manipulating, 
ill the pneumatic trough, such gaseous bodies as are condensible over water. To its 
aid, in this respect, the modern advancement of chemical discovery is pre-eminently 
due. 

Tills metal, alloyed with tin-foil, forms the reflecting surface of looking-glasses, 
and, by its ready solution of gold or silver, and subsequent dissipation by a mode- 
rate heal, it becomes the great instrument of the art of gilding and silvering copper 
and lirass. The same property makes it so available in extracting these precious 
meUls from their ores. This amalgam is used fur electric machines. The anatomist 
iippiies it elegantly, to distend and display the minuter vessels of the lymphatic 
system, and secretory systems, by injecting it with a syringe through all their con- 
volutions. It is the basis of many very powerful medicines. 

The nitrate of mercury is employed for the secrctage of rabbit- and hare-skins, that 
is, for communicating to fur of these and other quadrupeds the faculty ai felting, 
v liieh tliey do not naturally possess. With this view, the solution of that salt is 
applietl to thorn lightly in one direction with a sponge. 

Idle only mercurial compounds whicli are extensively used in the arts are factitious 
cinnabar or VnuMiMoK, and CoimosiVE Sublimate, which see. 

MSRCVRT, CBXiORXDS Or ; PROTOCBXiORZBE {Dcutochlorure de 
mcrcuri', Fr. ; Acizendes quccksilhcr sublimate Ger.) is made by subliming a mixture of 
equal i)arts of persulphate of mercury and sea-salt in a stoneware cucurbit. The 
sublimate rises in vapour, and incrusts tlie globular glass capital wdtli a white mass 
of small prismatic noedb-s. It is a very deadly poison ; raw white-of-egg, swallowed 
in profusion, is the best antidote. .See Corrosive Sublimate. 

MBRCVRT, rUEMnsrATIBG. For this compound of mercury with fulmiuic 
acid, see F’ulminatino Mercury. 

MBRCVRT, PXBtZODZDE OF, is a bright but fugitive red pigment. It is 
easily prepared by dropping a solution of iodide of potassium into a solution of corro- 
sive sublimate, as long as any precipitation tiikes place, decanting off the supernatant 
niuriuto of jK)tas}i, w'ashing and drying the precipitate. 

MBRCURY, BUSCBZiORZBB OF ; CalumcL {VrotocUorure de mercure, F ; 
ViTniisstes quevksilhr, Ger.) See Cai.omel. 

MBRZiro. For the following wo are indebted to the ‘ History of the Woollou 
Trade of Jiradford,’ by John James : — 

(ieorge HI., ever desirous of the welfare of his people, though oftimes mistaken in 
the menus for accomplishing his wishes, amongst other improvements projected by 
him in agriculture and husbandry, imported in 1786 a few merino sheep from Spain, 
for liic purpose of improving the wool of England. Unquestionably this variety of 
sheep sprung from the English flock which Edward III. permitted to be exported to 
Spain, where, by assiduous care and crossing, tlie fleece had become the flnest in its 
stJiple of any in the world. His Majesty made from time to time considerable accea- 
sion to his origiuai flock, which throve well, and increased very fast, so that in a few 
years, by distribution and side, they had come into the hands of the most eminent 
sheep-breeding gentlemen in the kiugilom. Among these the late Lord Western 
stood the most distinguished for his breeding and culture of merino sheep. Hjii 
had its origin in a gift from His Majesty of 40 ewes, selected from 500 mrannos sent 
by the Cortes of tfpain to the king for distribution among his subjects. His lordship’s 
chief care in his improvement of the fleece was to adapt it for the finest articles of 
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wonted, and he oertainly succeeded well in his object. Many other shoop-breedors in 
the kingdom also devoted much attention, with great success, to the breeding of 
merino sheep, so that at this period (1826) large quantities of such wool were pro- 
duced in the country. 

Contemporaneous with tliese efforts made in England, the propagation of the 
merino sheep, which had been obtained from Spain, was carried on to a great extent 
in Soxo^, where the ruling monarch, like our own, took much interest in the enter- 
prise. The government of Saxony was amply rewarded for the pains which had been 
taken to spread the breeds so as to become a portion of the public wealth, ^ Hence 
from this source arose the large supply wdiich enabled Saxony to send to this coun- 
try large quantities of wool, chiefly for the making of flno woollen cloth, as it, on the 
wnole, ranged in staple shorter than Englisli or Spanish merino. Nor were the 
French idle in availing themselves of the excellent properties of the Spanish sheep Ijy 
transplanting thenr to tlieir soil, and manufacturing from the wool fine stuffs to 
which they gave tlie name of merinoos. 

From the merino wool produced in France and Germany were manufactured fine 
descriptions of stuffs named after tlio sheep. A Bradforti spinner in 1826, being de- 
sirous of extending his exjx)rt trade in German}', iustitiitc^d inquiries respecting the stuffs 
made there, and received in answer the following information : — No w’orsted yarn 
of any amount was made on the Continent, except by hand. As the laws prohibiting 
the exportation of English machinery still remained in force, the continental nations 
could not obtain our improved frames, and either their handicraftsmen were unable 
to construct them with sufficient skill, or their capiuilists were disinclined to embark 
in the enterprise. Much yarn was s]>un l>y hand in the neighbourhood of Hamburgh. 
Then, as to the weaving of stuffs, a few merinoes were madti at Leipzig, and some of 
them from English yarn spun to No. 46. At Wakleiibcrg, Eisenacli, and Langensalza, 
Berlin, Altona, and Erfurt, iiicrinoes were made. For some of these English yarn 
was used, but the German manufacturers preferred, most likely for its durability, 
their own )’arn. Wiiilst the Frencli and Germans were wearing merino pieces, a 
fabric bearing the same name, but uidely differing in structurtn arose in the Eziglisli 
market, and imparted a most beneficial impulse to the stuff trade of the West 
Biding. 

A brief narration of the origin of English merinoes vill at tliis point, find an ap- 
propriate phwje, Thp wearing of worsted stuffs, after many changes of fiishion, had 
again become very common amongst people of every degree in England. But it was 
perceived as the taste for fabrics of fine texture increased, that- piainbaeks and oth(;r 
worsted articles of that kind wore not sufficiently delicate in structure for tlie higher 
classes. This idea having been mentioned by one of tlio partners in the house of 
Messrs. Todd, Morrison, and Co., warehousemen, Ixmdon, to Messrs. Mann of Brad- 
ford, merchants, the latter began to reflect on ihf) best method (/f su]>j>lying the void. 
It occurred to them that a plainback nzade with the finest yarn, and spun from merino 
and other fine wools, would answer the object. 

Accordingly they employed Messrs. Garnett of Bradford to spin yarn and manu- 
facture such a stuff, who ac-complishod the Uisk to the full satisfiiction of their 
employers. Some beautiful pieces were the result ; three-quarters wide, made from 40’s 
to 62*8 weft, and 32’s Uj34’s W'arp ; in every respect they reseml)led Ca.shmere, except in 
being finer. From the period of their introduction, these stuffs pleased the ] ail die 
taste, and were rapidly sold at liigh prices. They were originally sold at from 76s. 
to 808. the piece; but when the article became knoAvn, many manufacturiTS entered 
4nto competition, and making lower sorts, reduced tlio prices from 40*-. to 606 , the 
piece according to qualities. 

About a year after the full introduction of the three-quarters merino into the 
market, it was found that, owdng to tlie narrowness of tlie piece, it did not cut upeon- 
vepieotly op economically for dresses ; and the six-quarter variety of merino was 
brou^t into the market^ where it for many years had a large demand, bringing as 
much in some instances as 1208. a piece. 

mMOnrimt. a hawser, or small cable, about sixty fathoms long, wound 
round the capstan, and having its two ends lashed together. See Caulk. 
inWAOnnrJkSAB. An amerphous dark-coloured sulphide of mercury found 

ia Oalifor ma. 

Tlfis term is sometimes applied by smelters to a regulus, or fixed suF 
phide, such as the * coarse metal * and * blister metal ’ of the copper-smelter. The 
m olten g lass is spoken of in glass-works as * metal.’ 

IMSTAXi UAV. A name commonly applied to the Dutcli leaf to distinguish it 
ftom gold-leafi There was of metal leaf not gold imported in 1868-72 : — 
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lMC8TA%XiOGRAPBY. A process invented by M. Abate, and published by him 
in 1851, It consists of printing from engraved wood-blocks upon metallic surfaces, 
so MS to produce imitations of figures and ornaments inlaid in wood. This effect he 
obtained by using, as a printing menstruum to wet the block with, solutions of such 
metallic or earthy salts as are decomposed when brought into contact with certain 
metals, and produce, through an electro-chemical action, an adhesive precipitate of a 
coloured metallic oxide, or any other chemical change upon the metal. 

MBTAXiZiOZXIS. Davy proposed this name for sodium /ihd potassium, and other 
substtinces of which the metiillic character was not well defined. Berzelius used 
the term to distinguish the non^nuialUc elementary substances from the metals. 
Dr. Apjohn published a ‘ Manual of the Metalloids,’ in which ho adopted this 
moaning. The word metalloid signifying like a metal, its use in this sense is unfor- 
tunate. 

MZiTAZiZiU&GT. {IFiittenkunde, Ger.) The art of extracting metals fifom their 
ores. Under the heads of the difibrent mentals respectively, the motjillurgical processes 
to which they are subjected are given. Soo Antimony, Copper, Gold, Iron, &c. 
A full description of the processes of preparing the minerals for the operations of the 
metallurgist w'ill bo found under the head of Dressing of Ores. 

Wlion it is intended to wash certain oros, an operation founded on the difference 
of their specific gravities, it may happen that by slightly changing the chemical 
state of the substances that compoHe tli(5 ore, the earthy parts may become more easily 
separable, as also the other foreign matters. With this view, the ores of tin are 
subjocti^d to a roasting, w’hicli, by separating the arsenic and oxidising the copper 
which are interinixed, furnishes the means of obtaining, by the subsequent w'asliing, 
an oxide of tin much purer than could be otherwise procured. In general, however, 
these are rare case.s ; so that the washing almost always immediately succeeds the 
picking and stanijtiug; and the roasting comes next, when it needs to be employed. 
See Boasting Ores. 

MZSTAXiS {Mkatix, Fr. ; JMetalle, Ger.) are by far the most numerous class of 
unducomjxised bodies in chemical arrangements. They amount to 61 ; of which 7 
furin, W'ith oxygen, bodies possessed of alkaline properties : these are, 1. potassium ; 
2. sodium; 3. lithium (bases of the alkalis) ; 4. barium; 5. stroutiiini; 6. calcium; 
7. magnesium (bases of the alkaline earths, for oven magnesia, the last and feeblest 
base, tinges turmeric brown, and red cabbage green). The next seven metals form 
with oxygen the earths proper : they are, 8. ^’’Urium ; 9. glucinum ; 10. aluminium; 
11. zireoniuin ; 12. thorium; 13. erbium; 14. terbium. The remaining 37 maybe 
enumerated in alphabetieal order, as they hardly admit of being grouped into sub- 
divisions with any advantage. They are as follow: 15. antimony; 16. arsenic; 
17. bismuth; 18. cadmium; 19. cerium; 20. chromium; 21. cobalt; 22. copper; 
23. didymium; 24. gold; 25. iridium; 26. iron; 27. lead; 28. lanthanum; 29. 
manganese; 30. mercury; 31. molybdenum; 32. nickel; 33. niobium; 34. osmium; 
35. palladium; 36. platinum; 37. rhodium; 38. ruthenium; 39. silver; 40. tanta- 
lum; 41. tedliirium ; 42. tin; 43. titanium; 44. tungsten; 45. vanadium ; 46. ura- 
nium ; 47. zinc ; and lately by spectrum analysis the following have been discovered, 
48. emsium ; 49. indium; 60. rubidium ; and 61. thallium. 

1. They are all, more or less, remarkable for a peculiar lustre, called the fnetallic 
luatre. This property of strongly reflecting ligiit is connected with a certain state of 
aggregation of their particles, but is possessed, superficially at least, by xmea, animal 
charcoal, selenium, polished indigo, and bodies which are not at all metallic. 

2. The metals are excellent conductors of heat, and most of them also of dee- 
tricity, though probably not all. According to Despretz, they possess the power of 
conducting heat proportionately to tlie following numbers :--Gold, 1,000; platinum, 
981 ; silver, 973 ; copper, 898 ; iron, 374 ; zinc, 363 ; tin, 304 ; lead, 179*0. 

Becquerel gives the following table of metals, as to electrical conduction 
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Oop^, 100 ; gold, 98*6; silver, 73-6; zinc, 28*6 j platinum, 16*4 ; iron, 15*8; tin, 
\6'6; lead, 8*8 ; mercury, 8*6 ; potassium, 1-33. 

The metels which hardly, if at all, conduct electricity, are zirconium, aluminium, 
tantalum, in powder, and tellurium. 

3. Metals are probably opaque ; yet gold-leaf, as observed by Newton, seems to 
transmit the green rays, for objects placed behind it in the sunbeam appear green. 
This phenomenon has, hewever, been ascribed to the rays of light passing througli 
an infinite number of minute fissures in the thinly-liammered gold. 

4, All metals are capable of combining with oxygen, but w'ith affinities and in 
quantities extremely diflferent. Potassium and sodium liavc the strongest affinity for 
U; gold and the platinum-group of metals the feeblest. Many metals become acids by a 
sufficient dose of oxygen, while, with a smaller dose, they constitute salifiable bases. 

6. Metals combine with each other, forming a class of bodies called alloys, except 
when one of them is mercury, in which case tlie compound is styled an amalgam. 

6. They combine with hydrogen into hydrurets or hydrideR ; with carbon, into car- 
burets or carbides ; with sulphur, into siifphurefs or sulphides ; with phosphorus, into 
^hosphurcts OT pJtosphidcs; wdth selenium, into srlcniurcis or sclcmdvs\ with boron, 
inUibortdes; with chlorine, into chlorides; with iodine, into iodides; with cyanogen, 
into cyanides; with silicon, into silicides; and with fiuorino, into fluorides. 

7. Metallic salts are definite compounds — mostly crystalline — of the metallic 
oxides with the acids. 

MIBTAXS, B’ATZVS. Tiic meUls which are found in the condition of obvious 
metallic existence are but few’. Gold is almost ahvays found native, generally com- 
bined with a small percentage of silver, and sometimes with oth(‘r rarer metals. 
Silver is frequently discovered in an almost pure metallic state. Plafmum is another 
metal, which, like gold, is generally found in the inetiUie state, but this metal is almost 
always combined w'ith palladium, osmium, aud otlu*r metals of that tyi>e. Copper 
is very often found in the native state, and in a condition of great purity. The 
occurrence of large niasse.s of copper — copper rocks, indeed — is one of the most 
striking features of the Lake Superior copper deposits. Ijoad is said to have been 
found native at Grassington, in Yorkshire. Tteccntly it is reported to hsive been 
discovered in Victoria, Australia, and again in California. Bismuth i.s often found 
native ; and Iron, the meteoric varietv, is oeca.sionally met with in this condition. 

MCBTAXiB, VOBM. This term was apjdicd to gold and silver in .ages when the 
principles of chemical science were unknowm. The name was intended to convey 
the fact that these metals were slow to combine with the ‘ baser ones,’ such as iron. 
The term is not now employed scientifically. 

MBTBOBXTBS. {Aerolithe, Fr.) The name of mineral bodies whicli have been 
known to fall from the region beyond the earth’s atmosphert* to the .surface of the 
earth. There are, however, a cerfeiin immlxT oi bodies found on tlie surface iu various 
parts of the world, which are thought to Ik; of meteoric origin, and anf hence called 
Meteorites, which correspond in chemical composition and structure with those wdiicli 
have been seen to fall. They are usually dividtxl into Mdroric Iron and Meteoric 
Stones. The meteoritic irons have Leou termed Siderites, whilst the term Aerolites has 
been retained for tlie stony raeteorite.s. The following may b(j regarded as the average 
eomposition of meteoric iron ; Iron, 85’64 ; nickel, 8 o6 ; cobalt, 1’60; coi.per, O’*J0 ; 
magnesia, 2*04; chromic oxide, 0-21; silii:a, Sd) ; phosphorus, 0’12; wutli traces of 
carbon, sulphur, tin, and mangjinese. For numerous analyses, sec Watts's ‘ Dictionary 
of Chamiatry.’ See Aerolites, 

MJI T H T B AMimB. C^H^N (CB^V). The most volatile of the organic bases. 
It U formed by similar reactions to ethylamine; it i.s regarded as ammouia in which 
an equivalent of hydrogen is replaced by methyle; it is gaseous at ordinary temj>era- 
tnres ; it is the most soluble in water of all knowm gasos, one volume of water at 64° 
diseolving 1,160 volumes. 

WBTBnJiTBlI WZBXT* When ordinary alcohol is mixed w ith 10 per cent, 
of * wood tXeohoV {Methyle), it is, according to an excise regulation, sold duty free 
under this name. Methylated spirit is extensively used in the manufacture of yar- 
nishes, laequars, &c. See Watts’s ‘ Dictionary of Chemisti^'.* 

•BaranrUOraf a peculiar liquid compound of carbon and hydrogen, extracted 
from pyroxilic spirit, which is reckoned to l)e a bi-hydrate of methylene. 

lUVBXC SnTBBB* See Weiqhts akd Measures. 

MtlOA is a flnely*foliated mineral, of a pearly metallic lustre. It is harder than 
gyiMnim, but not so hard as calc-spar; flexible and elastic ; sjkjc. grav. 2-06. it is 
an ingr^ent of granite and gneiss. The large sheets of mica exposed for sale in 
X^mdon am mostly brought fiom Siberia. They are used, instead of glass, to enclose 
^ fire, without eoneealing the flame, in certain stoves. 

The miea «f V&hlnii. analvaed bv Bo86. afforded eilica, 46*22 ; alumina, 34*62 ; 
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peroxide of iron, 6-04; potash, 8*22; magnesia, with oxide of manganese, 2*11; 
fluoric acid, 1*09 ; water, U-98. From an American authority wo quote as follows: — 

‘ The increased demand for gas-stxjves has naturally introduced to a wider notice the 
really valuable and useful mineral known under the name of mica. Every schoolboy 
can pick out the mica in a piece of granite, but it is not so well known that the ‘ glass * 
forming the front of many kinds of gas-stoves is also mica. The minerjils which form 
tile group of miciis divide readily into two divisions; those which are silicates of 
alumina and an alkali, and those which are silicates of magnesia. They are all 
notable for their lustre, and for their distinct cleavage, which permits of their being 
separated into thin shoots. In granite, flic plates are rarely seen of a useful size, 
although in the coarser descriptions of tliat rock plates are occasionally found a foot 
and more in width ; but, in limestone formations, it is often found in masses of con- 
siderable size, plates having been met with in Siberia several feet in diameter. The 
niit'as chiefly met with in commerce are Muscovite and Lepidolite (or lithia mica) of 
the first division, and Phlogopite (rhombic mica.) and Biotite of the latter division, or 
magnesian micas. Of these, the most extensively used in the arts are Muscovite and 
1‘hlogopite. The former is mainly a silicate of alumina and potash, with traces of 
iron, fluorine, chromium, &c., which impart colour to the otherwise grey or silver- 
whito plates of mica. The crystals of Muscovite are usually six-sided ; the colour 
varying from black through grey to green, chromium being invariably present in the 
crystal of the last-mentioned tint. This variety of mica is proof against acids, is very 
refractory, the thin edge only fusing before an ordinary blow’pipe, while the laminae 
arc ve ry tough and flexible. Phlogopite, or rhombic mica, as it is sometimes called, 
is mostl^^ found in limestone, and is composed mainly of silica, alumina, and mag- 
nesia, with traces of iron, potash or soda, and fluorine. Its colour varies from brown, 
through brownish yellow, to grey. If it is previously reduced to fine powder, it is 
attacked by liot sulphuric acid, but, li]»e Muscovite, although it whitens in the blow- 
j)ipo-flame and fuses on the thin edges, it is virtually refractory to anything short of 
an intense heat. Those extraordinary properties, combined with toughness and 
elasticity, and the peculiar facility with which it splits into thin sheets, some of which 
approach clos(*ly to transparency, hid naturally to the use of micji for windows, and 
especially to its emplopnent in lanterns. For many years it has been used in Russia 
for windows, and in some parts is still to bo found, though it is of course rapidly 
giving way to tlie more transparent glass. So common, how'ever, was its employment 
for this purpose at one time in Russia, that it was frequently called ‘Muscovy glass.’ 
It is found in Siberia, Sweden, and Moravia, which also supply the Lepidolite, or 
lithia mica. In America it is found in various parts, as North Carolina, New Jersey, 
and Canada. In some coarse granite rocks of the first-named State the mica is found 
ill considerable abnncbance, and there are nnmisbikable evidences that it was w’orked 
many years ago. The commercial value of mica varies through a wide scale : the 
large, .sound, and clear sheets being naturally the highest priced, fetching as much as 
4U.S. a pound. In the United States, where large quantities are used for what is called 
‘ stove glass,’ that is, for the fronts of gas and other stoves, the utilisation of mica 
lias been carried further than in this country. The small and waste-stuff is there 
made into a coarse powder and sprinkled over tir in roof-making ; finely ground, it is 
used as a lubricant, and is sometimes used in packing deed-boxes and safes to render 
them fireproof. The finer sheets are used for such purposes as the dials of compasses, 
for tlio letters of fancy signs, and the very finest and thinnest pieces are sometimes 
employed in lieu of enamel for covering photographs ; but one of the principal uses to 
wliich the bettor qualities are put is the construction of shades for lamps, the nature 
of the material rendering its decoration a comparatively easy process: chromo- 
lithography being extensively employed in this manufacture. The preparation of the 
mica is very easy. When first obtained it is in plates and crystals of various sizes, 
from a quarter of an inch to even occasionally a foot in thickness, and from six inches 
to a foot and upwards in diameter. 

‘ The facility with which they can bo bent into various shapes, and the power they 
possess of resisting heat, together with their transparency and naturally beautiful 
appearance, make these thin slieets of mica of peculiar value in many situations. 
They have been used as reflectors for some years, and a patent has recently been ob- 
tained for an improved process of silvering plates of mica, the inventor being a 
re.sident of Philadelphia. The flexible nature of the mateiial to be silvered will 
])robably insure its introduction into the arts and industries to a greater or lesser 
exl.eijt, and it is perhaps not impossible that it may be employed in the manufacture 
of telescopes, althougli it must be confessed that its utilisation for that purpose is 
rather improbable. In the process recently pitented, sheets of mica, as free from 
metallic deposit as can be obtained, are thoroughly washed in nitric acid, and then 
rinsed in water. They are then placed upright in suitable vats or baths, being 
VoL. III. R 
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amaged in pnirSf back to back, ao as to expose oulj one side to the coating solution. 
This Utter is tolerably well known, and is made by dissolving 1 oz. of nitmfe of silver 
in a quart of distill^ water, and in a separate vessel 1 oz. of glucose in a quart of 
distilled water. When the silver has dissolved, a small quantity of liquor ammonire 
is added, and the solution becomes cloudy, the cloudiness disappearing on the addition 
of a little more ammonia. When this stage has been arrived at, the two solutions 
are mixed together and poured into the bath containing the mica plates, the l)ntli 
being placed in a warm room, to facilitate the deposition of the silver. When the 
mica plates are sufficiently coated they are withdrawn from tlie bath, thoroughly 
rinsed in water and stood away to dry, after which they may, if deemed necessary, bo 
coated with spirit-varnish. 

The mica plates thus prepared may bo mounted on frames of tin, sheet iron, paper, 
or plastic composition. Many oilier applications of these mica reflectors will suggest 
themselves to our readers, though their principal use is undoubtedly for illuminating 

purposes.’ 

M1CAC80V8 ZAOir. One of the varieties of haematite; so colled from its mica- 
ceous structure. See Irox. 

MZCJIL-S&ATS or 8CBZ8T. (Schisma, Oer. a splitting.) A foliated rock com- 
posed of mica and quartz. The first name is not correctly applied. 

aiZCB0C088CZC 88 lZiT. A term given to a salt extractod from human urine. 
It is a phosphate of soda and ammonia ; and is now prepared by mixing ecjuivalont 
proportions of phosphate of soda :ind phosphate of ammonia, each in solution, eva})o- 
rating and crystallising the mixture. A small exeess of ammoniii aids tlu* crystal- 
lisation. 

asnSBW, M8jrCBS8TBB. From imperfect manufaeturc — or from corrupt 
practices — it appears that a peculiar mildew has often developed its(df in cotton goods 
sent to India, to which this name has l>ecn given, d'ho Maneliester C'liamber of 
Commerce has just (^1874) received a letter from the Shanghai General Chaiulu r of 
Commerce respecting ‘ mildewed shirtings,’ which will probably opon tlio eyes oftho.se 
concerned in the matter to the fact that, after all, honesty is jHirhaps the best jtoliey, 
and that there is a jK)int beyond which swindling cannot be c^irri(d wilhonl its evil 
eflfect recoiling on its authors. The Chairnian of tlit; .Shanghai Cliamber, writing on 
December 17, 1872, calls attention to the w'idesproad (Uiteri oration by mildiw of 
cotton piece goods imported to China from Manchester. The losses from this caust* 
have for some time been very* large ; but towards t he end of ]871 parecd .-ifter j ijircL*! of 
grey shirtings, principally if not wholly consisting <»f second and lower qualities, were 
rejected by the Chinese buyers a.s ‘ spotted,’ .and during t in* past year thi' evil lias 
become so general that in .^ptember last it was estimated that 7o per e(>nt. of the 
.entire stock of grey shirtings and T cloths in SJianghai wen* uiim<'rchinitab]i' ns sound 
goods. The trade was, in fact, completely disorganised, ddie ea use of t lie deterioration 
is, there is strong reason to l»clicve, owing to the use of ‘ sizo ’ in undue quantity and 
of a nature deleterious to the fabric employed to work up inferior cotton and to increase 
the weight of the cloth. The results of the extensive imjn.rtations of unsound goovis 
into China are that large quantities of clotli are forced otf at reduced and irregular 
prices, by which means the tone of the market is lowered and the value of even sound 
goods is depreciated. Bales are no longer, as was once the ease, accepted unoj>ened 
on the faith of the sample, but the wrupfMTs have to he cut into in order tlmt the con- 
dition of every package may be ascertained. Tlie inconvenience, delay, and loss arising 
from this practice are obvious. The trouble and waste of time entailed by tlie necessity 
of minute inspection, the frequent resales of rijectod parcels, and tin; unetTtainty as to 
the completion of any sale, until full examination of the contents of the packages has 
been nmde, all represent a positive burden on t he trade. ’J’ho destruction of the [;ai‘k- 
uges is, moreover, a loss to tlie native merchant, who can never again pack his gootls 
so securely for inland transport. More important, perhaps, than all, i.s the tact that 
the confidence of native d^ers and merchants in foreign goods is shaken ; for they 
are no longer sure of carrying their purchases to tlie cm] of a long journey in a mer- 
chantable condition. Such general want of eoufidcnce in the soundness of foreign 
cotton goods must tend, it is urged, to render them unpopular among the Chinese; and, 
considering that foreign imports, though cheaper, liave great difficulty even under 
favoniable drcumstances in competing with the more durable native manufactures, 
the trade is not in a porition to bear any additional burden. Although, therefore, the 
first losses from mildew fall upon the importing merchant, wiiile the manufacturers 
a^ear to escape altogether, yet such an unequal distribution of the responsibility 
oeui^ continue, if for no better reason than that the magnitude of the losses will soon 

it b^ond tlie power of the merchants to bear them, were they ever so willing, 
TIm mult will, therefore, nltunntely affect the Manchester manufacturers as seriously 
•t ike China merehaata, end the latter uige the Manchester Chamber of Comintrce to 
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join with them in a strict investigation into the circumstances with a view of putting 
an end to ‘ a crying eril affecting not only the interests of the most important branch 
of British industry, but also the iionour and reputotion of British commerce.’ 

MZKFOZlb. {Millvfoliuni, Lnt a thousand loaves.) The herb yarrow, belonging to 
the genus Achillea, one of the ComjiosUfP. 

XMEZLX. A well-known nutritious fluid, which, as it has no especial use in the arts, 
need not Lo described. See Btjttkr. 

IMCZlbK;, COZn>£WSlil>. The following information on the processes for con- 
densing milk successfully is obtained from two journals known as the ‘Farmer’ and 
‘ Moore’s Kural ’ : — 

In the first place, arrangements must be made for obtaining good, clean, healthy 
milk, and this imposes a sort of education upon those producing milk, of the utmost 
importance to the successful prosecution of the condensing business. Dirty milk — 
milk foul with the drippings of the stable — cfinnot be condensed into a clean-flavoured 
product. The success of the condensing factory depends almost entirely upon the 
ability to put a fine-flavoured, perfect article into the market. The milk must bo 
uniformly good. An inferior condensed milk is more readily detected than an inferior 
article of choose or butter. At least, imperfections in these may perhaps be tolerated, 
and the goods may find a place in the market ; but a factory continuing to send out 
imperfect or badly-flavoured milk, must soon cease to be remunerative, and must in- 
evitably close its doors. 

To obtain any success in this business, there is absolute necessity for clean, healthy 
milk in the first instJinco; and this matter should be well understood and well con- 
sidered before any manufacture can bo attempted. Tlie great success attained by the 
late Gail Borden, the inventor of the process for condensing in vacuo, was in a great 
measure duo to the system ho inaugurated among his patrons for supplying milk free 
from all taint and unobjectionable in quality. lie instituted a set of rules for the 
guidance of dairymen furnishing milk to his factories, which ho rigidly enforced, and 
men were regularly employed to visit the farms from time to time, to see in what 
manner the cows were managed as to pasturage, water, driving to the yard, milking, 
cooling find care of milk ; and as he bought, or accepted only such milk as would pass 
tlio closest scrutiny of an expert, lie was able, aftt.T a time, to enforce an observance 
of his pi-int(^d regulations, wdiicli he put into the hands of his dairymen. He adopted 
.also, the priictice of cleaning and steaming his patrons’ delivery milk-cans at the 
factory, b(^eauso ho feared — and w'ith good reason too — that this work might not be 
properly ilone at the farm. 

The Borden piwess for condensing milk, the only process, we believe, which has 
stood the test of time and proved to bo a success, may be briefly described as follows : — 
‘After the milk is received at the factory it passes through a strainer to the receiving 
vat ; from this it is conducted off through another strainer into the heating cans, eacli 
holding .about 20 gallons ; these earis are set in hot w.ater, and the milk is held in 
them till it reaches a temperature of 150° to 175° Fahr. ; it then goes through another 
strainer into a largo vat, at the bottom of which is a coil of copper-pipe, through which 
steam is conducted, and hero the milk is heated up to boiling point. Then the best 
quality of white granulated sugar is added in the, proportion of lb. of sugar to 1 
gallon of milk, when it is drawn into the vacuxim-pan. The milk remains in the 
vacuum -pan subjt;eted to steam for about three hours, during which time about 75 per 
cent, of its bulk iu water is removed, when it is drawn off into cans holding about 40 
quarts ejich. 

These cans are only partially filled, and then set in a largo vat containing cold 
water, the watx?r being of a lu'ight c^jual to that of the milk in the cans. Here it is 
stirred until the temperature of the condensed fluid is reduced to a little below 80° 
Fahr. It is then liirned into largo draining cans with faucets, in order to facilitate 
the filling of the smaller cans. TJio draining cans stand in a room which is set apart 
for the purpose, and around the outside of which runs a table or work-bench. Here 
the milk is drawn from the faucets into small tin cans, holding 1 lb. each, when they 
go to the table, and are immediately .sohlerod, to exclude the air. The cans next have 
the proper labels pasted upon tlieni, and are then ready for market. 

Somewhat recently Mr. Borden introduced a machine for filling the cans, which 
does the work with accuracy and rjtpidity. The work of filling the cans, soldering 
the tops and labelling, is usually performed by females. A number of small soldering 
furnaces are placed along the tebles, whore tlie girls, each with a set of soldering irons, 
seal the cans as fast as they are brought forward by tlie fillers. 

lor a small factory, say for the milk of from 200 to 300 cows, the estimated, cost 
will be about 13,000 dols., as follows : —Erection of the building, 16 ft. by 50 ft., 
ready for machinery, &c., 2,500 dels. ; vacuum-pan and condenser, fitom 3 ft to 4 ft. 
in diameter, 1,800 dole.; 1 duplex 144nch pump and engine, 1,500 dolf.; 1 boiler. 
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60>lione power and fitting-up, 3,000 dols.; 1 pump for boiler, lOOdols. ; outside 
water-pipes, 600 dols, ; 1 cooling tank for receiving and storage, 600 dols. ; 1 heating 
tank and pipes for milk, 800 dols. ; hot water tank and stoam-pipos for washing cans 
and 2 rinsing sinks, 600 dols. ; 1 steamer-bath for scalding cans and pij^es, 160 dols. 

It will be seen from the above, that a well -furnished iactory, with all the needful 
appliances, is somewhat expensive ; but the profits from the business are also con- 
siderable. The cost of condensing will probably bo no more than one-half per cent, 
per quarts It takes about 3 pints of milk to moke 1 lb. of the sugared condensed 
milk, which sells in the market for 26 cents and upward. It is not e.-isy to give the 
exact cost of condensing, since that udll depend upon the amount of milk worked and 
the economy with which the factory is managed ; but we should say that, Id. per quart 
ought to cover all the expenses for condensing. The cans, and the labour of filling 
and soldering, are an additional expense, which our readers can figure approxi- 
mately, so that some idea of the profits may be obtained. 

There are two kipds of condensed milk in the market : — tlie sugared, as above 
described, and which will keep for long jx'riods, and the plain condensed milk, which 
contains no su^ar, and is sold for immediate use. This last will only keep sound for a 
few days. It is made in the same way as the other, except that no sugar is used in its 
manufacture. A less price is obtained for it in the market than for sngaretl milk, it 
being sold by the quart from large carrying cans, and regularly l urnished tocou.siimers 
from time to time. 

One great difficulty in the wny of establishing new factories, is in obtaining skilh'd 
workmen to conduct the business of condensing. There are comparatively f(‘W ])ers()Ms 
who have had experience in tlie work of a fa(*tor3% and these are, for the most jiart. 
retained by these factories now in successful work. As these factories have built uj: 
a good trade and have a ‘ good thing,’ tluy do not care to ojh'Ii their d(.)(»rs for in- 
struction or to educate any person in the business who would engag<* in a new factory. 
In cheese-making or in butter-making there are always plenty of skilled hands t<t l.f 
had, but the case is quite different in the condensing business, and this fact has de- 
terred many from entering uj>on the work. 

MEZZiZi, TBB. A name given to the cylinder used by the calico-printers, in whiel) 
the impression is obtained by a process like that of a milling tool, frotn a cylinder 
engraved by hand, called tie 2)ie. See CALico-Pni.sTiNG. 

IMCIlilie^lTOanEtf or Buhr- Stone. This interesting form of silica, which occurs in 
great masses, has a texture essentiall}" cellular, the cells being irn>gular in number, 
shape, and size, and are often crossed by thin plates, or coarse, fibres of silex. 'I'lu? 
buhr-stone has a straight fracture, but it is jjot so brittle as Hint, tliough its hardness 
is nearly the same. It is feebly translucent ; its colours are pale and dead, of a wliiti.sli, 
greyish, or yellowish cast, sometimes with a tinge of blue. 

The Buhr-stones usually occur in beds, M'liicli are sometimes continuous, and at 
others interrupted. These beds arc placed amid dejx)sits of sand, or argillaceous and 
ferruginous marls, which penetrate between them, filling their fissures and honeycomb 
cavities. Buhr-stones constitute a very rare geological formation, l)eing found in 
abundance only in the mineral basin of Paris, and a few adjoining districts. Its gto- 
logical position is well ascertained : it forms a ]»art of the lacustrine, or fresh-wati r 
formation, which, in the locality alluded to. lies above the upjier eocene gypsum, and the 
stratum of sand and marine sandstone which cover it. Buhr-stone constiLiUes, tinu’e- 
fore, in the locality in which it is found, tiic np]>ermost solid stratum of the crust of 
the globe ; for above it there is nothing but alluvial soil, or tliluviai gravel, sand, and 
loam. 

Buhr-stones sometimes contain no organic forms ; at others they seem as if stuffed 
fall of fr68fa>^water shells, or land-shells and vegetables of inland growth. 'J'herc is ikj 
exception known to this arrangement ; but the shells have assumed a siliceous natun*, 
and their cavities are often filled with crystals of quartz. The best buhr-st,onos 
for grinding corn have about an equal proportion of solid matter and of vacant space. 
The finest quarry of them is upon the high ground, near Jai Fcric sous Jotiarre. 'J'he 
stones are quarried in the open air, and are cut out in cylinders irom one tr> two 
yards in diameter, by a series of iron and w'oodcn wedges, gradmilly but equally in- 
serted. The pieces of buhr-stones are afterwards cut into paralhdopidcds, called 
which are bound with iron hoops into large millstones. Tlicso pieces are exjiortod 
chiefly to England and America. Good millstones of a bluish-white colour, with a 
I'^gular proportion of cells, when feet in diameter, fetch 1,200 francs apiece or 48/. 
sterling. A coarse conglomerate sandstone or breccia is, in some cases, used as a 
snbstitiite tor bnhr-«U>nee ; but it is a poor one. 

In addition to the French buhr-stone, other materials are employed as millstones. 
Thus the lava of Kiedsnnendig, near Andernach, on the Bliine, has been extensively 
■mrind as a miHatona nxwe tiia time oi the Bomans, This lava is a nepheliue 
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dolerite, frequently enclosing blue masses of the mineral called Hauyno. The Bhenish 
millstones are sent down the Rhine to Holknd, and were formerly imported into 
this country under the name of ‘Dutch blues.* 

MZ&l^STOiriS ORZT. A geological term applied to a series of coarse sand- 
stone rocks, belonging to the Coal-mcasuro formations. ‘ The term gritstone is 
perlinps most applicable to the harder sandstones, which consist most entirely of 
grains of quartz most firmly compacted together, by a purely siliceous cement. The 
angularity of the particles cannot be taken as a character, since the rock commonly 
called millstone cjrii is generally composed of perfectly round grains, sometimes as 
largo as peas, and oven larger; tlio stone then commencing to pass into a conglome- 
rate/ — Jukes, 

MSirSRAXi A.:lbl^ZiZ. Soda was formerly so called. 

xailTERAXi C.airi>XiSS. See Candles. 

MZITBRAZ. CARBOR. See Anthuacttb. 

XMCZITBRAB GRBER. SchrMc's Green. Arsenite of copper. See Scheelk's 

Gueen. 

MZRBRAXi OZZiS. Several hydro-carbon compounds are known under tin’s 
name. Generally it is applied to petroleum, and other fluid hydro-carbons which issue 
from the earth. These will be described under the several heads of Naphtha ; Petko- 
i.EVM ; Shale On.. 

Lately the mineral oils of Piixiere La Grose and Cordessa have been attracting 
attention. A few words on those will not be out of place here. They have been 
examined by Joflfro in order to asc.ertain in what points they differ from the petroleum 
of America. These oils, obtained by distilling bituminous schists, present at first 
sight a close analogy with the petroleums. They agree very closely in colour, fluidity, 
specific gravity, and in boiling point. But on the application of cerUiin reagents a 
difference is at once recognised. The American petroleums, composed of hydro-carbons 
of tlio general formula + are notatbicked by fuming sulphuric acid, and mono- 

hydrated nitric Jicid does not form with them nitro-compounds. On the other hand, if 
our mineral oils are treated with the former of these agents, about the half is absorbed. 
If they are acted on by the second, about the half also is attacked with formation of 
iiitTo-compouiiils. These oils, therefore, are composed of a mixture of several bodies, 
some of w'hich resist sulphuric and nitric acids while the others are attacked by them. 
Both these portions have been studied. The oils were first purified by rectification 
over sodium ; and they w'cre then divided by fractional distillation into several groups 
jiccording to the boiling-point. The portion not attacked b^* fuming sulphuric acid 
] 'resents all the reactions of the saturated or formeiiic hydro-carbons, C"H"“ + '. It 
j-(‘sists the action of the most energetic reagents. Neitlier fuming nitric acid nor a 
mixture of nitric and sulphuric acids attacks it in the cold. At a boiling heat, how- 
ever, it is attacked, under formation of acid products w'hich remain dissolved in the 
cxc(;ss of oil. The boiling-points and specific grantics correspond with those of the 
saturated hydro-carbons. Klcincntary analysis gives results which point to the general 
fornuda C“H‘“ + This part of the mineral oils, is therefore, formed of saturated or 
formenic hydro-carbons. They seem either identical or at least isomeric with those 
which Pelous and Cahours extracted from the American petroleums. By acting upon 
portions of the oil with more or loss elevated boiling-points each of the hydro-carbons 
of the saturated series is obtained, from the hydride of octyle C®H, to the hydride of 
niyristyle In the portions which distil over at the end we find the hydrides 

of pentadocyle of bexadccyle O***!!^*, and of heptadecyle The propor- 

tion of the saturated is al'Oiit 50 per cent. The portion atbicked by acids consists of 
hydro-carbons of the ethyl enic series C'TD", mixed with a eerttiin quantity of hydro- 
carlions still less hydrogen ised. These oils contain neither benzole nor naphthalin. 
At first sight we might be surjirised at the absence of the two bodies so generally met 
witli among pyrogenous produi*ts. But on further reflection w^e cannot help admitting 
that this is quite natural. The manufacturer of mineral oils seeks to distil the schists 
at the lowest y» 08 sible temperature in order to avoid the formation of gas and to secure 
the largest possible yield of oil. 

The following facts cannot be too wulely known: — ^ ^ ^ 

A number of patents have been taken out in different countries for ‘ inexplosive* 
gazolinc, naphtha, and benzine. Oils of this nature, quite as dangerous as they were 
originally, before the patented treatment, are sold under such names as * liquid^gas/ 
•Aurora oil,’ ‘safety gas,’ ‘ purolinc,’ • petrolino,* ‘black diamond,* ‘septoline,* &c. 
They are moi’e mixtures of the ordinary light explosive oils, with roots, ^ms, bar^, 
and siilts. The following are some of the mixtures, as recorded in the Patent List 
of 1866 :— 

No. 67,095. Gaeoline, 40 gallons; giun olibanum/ 1 lb.; casoarilla buk, i lb,; 
lichen, (probably Iceland moss), } lb. 
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No. 57>390. Bark of white oak, 2 lbs. ; alkanct root, 2 ll)s. ; salt, 2 lbs. ; alcohol, 
^ litre ; cjnitnide of potassium, 30 grammes ; to be addetl to 3 gallons of naphtha. 

No. 67,749. Naphtha, 40 gallons ; carbonate, of soda, 3 lbs. ; alum, 2 lbs. ; hydrate 
of lime, 2 lbs..; red ash, 2 lbs. ; camphor, * lb.; oil of saffron, 12 grammes; essence 

of tar, 80 grammes. 

No. 58, KO. Naphtha, 40 gallons ; potatoes, 50 lbs. ; lime, 4 lbs. ; salt of soda, 4 lbs. ; 

turmeric, 8 lbs. 

No. 58,905. Gasoline, 40 gallons ; salt of soda, 1 Ib. ; cream of tartar. 1 lb. If the 
oil of Chxuth^a procun^ens is added the offensive odour of the mixture is said to bo 
quite overcome. 

No. 69,797. Gazolinc, 40 gallons; sulphur, 5 lbs. ; rust, of iron 100 lbs. ; onions, 1 
bushel ; resin, 5 lbs. 

No. 60,559. Naphtha, 40 lbs. ; caustic soda, 1 lb.; alum. 1 lb.; cult 1 lb.; manga- 
n^e, 30 grammes; water, 120 grammes. 

None of these additions can have any effect, save to disguise the colour or smell of 
the oils, and to diminish their utility, when burnt in a lamp, by clogging up the wick. 
They cannot in the least obvia te their explosive nature. This will be at once apparent, 
if we reflect that it is not the oil itself Mdiich explodes, but merely its vapour, when 
mixed with a certain proportion of oxygon or of common air. Hence an oil is called 
explosive when it gives off vapour at low fempernlures. That any addition can 
prevent this esenpo of Vii2:>our without occasioning a comjdeto decomposition of the oil 
IS impo.«!.sib]e. 

These dangerous and deceptive oils are j>almcd off* upon dealers and consumers by a 
very ingenious stratagem. It is not generally known that the vapour of a volatile oil 
or other hydro-carbon recpiircs to be mixed with a vei^’ considerable projiortion of air 
to form an explosive mixture. Eight or nine measures of air to one of tlie vajxmr is 
the most explosive proportion, wliilo a mixture of equal parts burns cpiietly Mithout 
any explosion at all. In fact, to pro luce at will the most exjdosive mixture requires 
both dexterity and experience, while it is very easy to avoid its generation entiia'ly. 
When it is desired to prove the eomjdete saf ty of .a dangerous oil, its vapour 
allowed to mix with a very little air; a lighted match is then thrust in, and as no 
explosion follows, the oil is recognised as non-exi)losive, and used as safe till some 
serious accident make.s its insecurity manih'St and ]nits an cntl to its sale in the 
district. 

Many of the substances added in the above-mentioned patents subside to the botton; 
of the cask with as little effect as a. handful of pebbles or small shot. 

MZWS&AXi PlTEtPXilS. Purple of Cassius — which see. 

aCXnaAXi statistics of the United Kingdom. 

Within our limited sjiaco, an attempt will be made to sliow the value of our 
mineral produce — and to sonm extent of our metiillurgical op;ratif>ns. 

Mr. Came has given a Uiblo in the ‘ Transactions of tlie Geological Society of Corn- 
wall,* of the production of tin in Cornw’all from 1750 to 1837. We adopt this table 
from 1800 to 1837, after which, until 1848, no exact ri turn could l>o obtained. Prom 
1848 the progres.s of tin mining to 18.')9 is given as a continuation of the same table. 
Prom 1860 to 1873 the production of tin ore and metidlic tin is given in a sej)arate 
table. 

Tlie following is a complete statement of the produce of the mines and collieries of 
the United Kin^om in 1873 : — 



Qu.'intiti&s 


Value 

Hincrals 

I’ons 

Cuts. 

£ 

Coal . 

127,080,385 

0 

47.689,144 

Iron Ore 

1.5,677,449 

0 

7,573,676 

Copper Ore 

80,188 

10 

342,708 

Tin Ore 

14,884 

17 

1,056,835 

ZiocOn 

16,969 

0 

61,166 

Lead Ore 

73,400 

10 

1,130,367 

Iron I^tes 

58,924 

3 

35,485 

Ifanganeae . 

8,671 

6 

67,766 

Salt . 

1,780,000 

0 

890,000 

Barytas 

10,269 

MstaU obtained from theee Ores. 

11 

7,903 


Big Iron 
Tin . 



mm. 


Tons 6,545,451 £17,999,989 

„ 9,972 1,329,766 

„ 5,240 602,822 

„ 66,035 1,305,622 

Ounce# 587,707 134,427 

1.471 120,999 
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Produce of British Tin Mines since 1800. 


Years 

Tons 

Years 

Tons 

1 Years 

Tons 

Years 

Tons 

1800 

2,522 

1815 

2,941 

1 1830 

4,444 

1845 


1801 

2,365 

1816 

3,348 

1 1831 

4,300 

1846 


1802 

2,669 

1817 

4,121 

! 1832 

4,323 

1847 


1803 

2,960 

1818 

4,066 

1833 

4,065 

1848 

6,613 

1804 

3,041 

1819 

3,315 

; 3 834 

2,989 

1849 

6,952 

1805 

2,785 

1820 

2,990 

! 1835 

4,228 

1850 

6,729 

1806 

2,905 

1821 

3,373 

1 1836 

4,054 

1851 

6,143 

1807 

2,465 

1822 

3,278 

! 1837 

4,790 

1852 

6,287 

1808 

2,371 

1823 

4,213 

11 1838 

5,130 

1853 

5,763 

1809 

2,548 

1824 

5,005 

|! 1839 


1854 

5,947 

1810 

2,036 

1825 

4,358 

1840 


1855 

6,000 

1811 

2,385 

1826 

4,603 

! 1841 


1856 

6,177 

1812 

2,373 

1827 

5,665 

!| 1842 

... 

1857 

6,582 

1813 

2,324 

1828 

4,931 

Ij 1843 


1858 

6,920 

1814 

2,611 

1829 

4,434 

|i 1844 


i 1859 

7,100 


Z\Ir. Came again informs us that tlio prices paid to the tinner in Cornwall, between 
tile 3 'oars 1746 and 1781, varied from 605. tlic ewt. to 725. the cwt. In a Report of a 
Select Committee of the House of Lords, on the state of the British Wool Trade, is a 
tiible compiled by Edward Charles Hohlcr, giving the average prices of sovcral articles, 
amongst others of tin, from 1783 to 1828 inclusiA’e. From this table the following 
extract is made : — 



£ 

s. d. 


£ 

8 . 

d. 


1783 . 

. 4 

1 7 per cwt. 

1810 . 

. 7 

9 

8 

per cw't. 

1789 . 

. 3 

10 3 

1815 . 

. 7 

3 

0 


1794 . 

. 5 

0 3 

1820 . 

. 

15 

9 


1800 . 

. 5 

4 2., 

1825 . 

. 4 

16 

6 

>» 


This docs not diffiT materially from this prices given by Mr. Came as the prices 
poiil to the tinner in Cornwall: the apparent discrepancies arise from the fact, that 
the above table is the price of tin in the metal market, therefore wo have to add, to 
tli(‘ jirico for tin ore, the cost of bringing it into the metallic state. 

Tile value of the mi’tallic tin produced in 1853, when the price varied from 112/. 
to 1 18/. per ton, may be estimated at 700,000/. In 1854 the range of prices, not very 
tiilTerent from those of the previous year, gives a totiil value of "600,000/. The ave- 
rage prices of 1855 were : English blocks, 125/. ; bars, 126/. ; refined, 129/. In 1858, 
the moan average price was 119/. per ton. In 1868 it was 98/. In 1870 it rose to 
127/., and in 1872 to 152/. In 1873 it fell again to 133/. 


Summary of Produce for each Year since 1859, with the respective Values, ^c. 


'fill Ore I Metallic Tin 


Years 

X-). ul 
Mines 




Quantity 

j Value 

Quantity 

1 , 1 
j \alnc 1 



tons 

1 £ 

tons 

£ 1 

1860 

148 

10,400 

i 812,160 

^ 6,656 

8G6.306 j 

1801 

148 

10,963 

793,698 

r.oir. 

857.706 

1862 

147 

11,841 

777.396 

! 7,578 

’ 879,048 

1863 

171 

14,224 

' 943,387 

9,104 

; 1,065,168 

1864 

174 

13,985 

i 881,031 

9,295 

' 995,029 

1865 

156 

14.122 

782,284 

9,038 

873,650 

1 1866 

1 145 I 

13,785 

‘ 667.999 

8,822 

781,849 

' 1867 

. 117 1 

11,066 

1 549,375 

* 7,296 

! 670,228 

1868 

109 ; 

11,584 , 

1 641,137 

i 7,703 

766,494 

1869 

■ 117 1 

13,883 

889,378 

i 9,356 

1.138,488 

1870 

147 

15,234 

1,002,357 

10,200 

1,299,605 

1871 

145 

13,898 

1,068,733 

11,320 

1,666,657 

1872 

162 1 

12,300 

1,065,658 

8,241 

1,258,812 

1873 

217 

14,936 

1,056,126 

10,006 

1,334,800 
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Pfoduetion of the Dutch Tin Minet since 1855. 

Thto is go important In relation to the British Tin trade, that the preservation of the details is 

desirable. 


Years 

1 Banca* 

Billiton, estimated 


slabs tons 

slabs tons 

1866 .... 

128,256 « 4,233 

2,734 = 97 

1866 .... 

201.317 = 6,643 

6,714 - 238 

1867 .... 

149,336 = 4,928 

3,674 - 130 

1868 .... 

192,950 = 6,367 

0,014 = 320 

1859 .... 

181,968 = 6,005 

4,620 = 164 

1860 .... 

165,620 = 5,465 

8,000 = 284 

1861 .... 

173,008 - 5,709 

13,018 - 4G2 

1862 .... 

141,770 = 4,678 

10,182 361 

1863 .... 

191,963 *= 6,334 

20,636 = 732 

1864 . . . . i 

161,916 = 5,343 

22,380 :=: 794 

1865 .... 

138,012 == 4,554 

30,000 = 1,065 

1866 .... 

158,626 = 5,234 

33,000 == 1,171 

1867 .... 

140,570 = 4,639 

65,940 - 2,341 

1868 .... 

120.000 = 3.960 

60,600 = 2,151 

1869 .... 

135,868 = 4,483 

68,291 =r 2,424 

1870 .... 

146,000 - 4,672 

89,283 - 2,858 

1871 .... 

134,906 4,320 

99,700 - 3,190 

1872 .... 

136,000 = 4,352 

108,000 = 3,456 

1873 .... 

140,000 = 4,480 

102,000 = 3,246 


' 1,000 Banca slabs w 


'cigh about ">2 tons ; the av(;i*agc weight of 1,000 slabs Straits tiu being from 


35 to 40 tons. The weight of the Billiton slabs is the same as the Banca. 


1857 


T^e Quantities of Tin sold in Holland and the Prices realised since 1857. 

I’cr Ton 

Slabs £ X. 

. 190,559 . . sold at 82| Flos, per 50 Kilog.2 . . = 140 10 

1858 



190,842 , 

)) 

68i „ 

if * 

. =116 0 

1859 



139,128 . 


m ff 

»» • 

. = 141 0 

1860 



151,513 . 

n 

79i „ 

i» • 

. = 136 0 

1861 



149,188 . 


69 

»> • 

. =118 5 

1862 



155,193 . 


67i „ 

»» • 

. - 115 10 

1863 



119,092 . 


76 „ 

i> • 

. = 130 0 

1864 



146,921 . 


Cl| „ 

f» • 

. = 106 0 

1865 



167,800 . 

„ 

56 

» 

. 95 10 

1866 



111,800 March sale 

„ 

49| „ 

»» • 

. - 87 10 

»i 



109,300 Sept, sale 


46 


, = 81 10 

1867 



69,400 March sale 

„ 

54 „ 

»» • 

. = 94 10 




7 1 .000 Sept, sale 

„ 

bii „ 

n • 

. = 95 0 

1868 



51,100 March sale 
90,300 Sept, sale 


54.> „ 

»» • 

. = 94 10 




10,600 Nov. sale 


55 „ 

»» • 

. - 95 10 

1869 



49,500 March sale 

„ 

H2i „ 

l» • 

. = 142 0 




61,300 Sept, sale 


74 „ 

l» • 

. = 128 10 

1870 

• 


76,800 March sale 

„ 

72J „ 

»> • 

. « 126 10 




80,000 Sept, sale 

„ 

75:J^ „ 

if • 

. = 130 0 

1871 

« 


80,791 March sale 

If 

75 „ 


. = 129 0 


'0 


83,300 Sept, sale 

if 

783 „ 

»» • 

. » 136 0 

1872 



52,800 March sale 

tf 

96J „ 

»» • 

II 

o 

tf 



46,500 Sept sale 

»j 

92i „ 

M • 

. ^ 150 0 

1878 



75,200 March sale 

if 

85 

M • 

. = 145 0 

tt 



30,000 Sept sale 

*f 

75 „ 

it • 

. » 128 0 




30,900 Not. sale 

tf 

67i » 

tt • 

. - 115 0 

* IQ| ait tfiial to aa ewt*, et hOlS UlogranuDeg ait equal to an Snglisb 
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The Produce of the Copper Mines of Cornwall from the pear 1726 to 1800, in periods 

of ten pears. 


Years 

Tons of Ore 

Average price 
per ton 

Amount realised 



£ 

s. 

d. 

£ 

From 1725 to 1735 

64,800 

7 

15 

10 

473,500 

„ 1735 to 1745 

75,620 

7 

8 

6 

560,106 

„ 1746 to 1755 

98,790 

7 

8 

0 

731,457 

„ 1755 to 1765 

169,699 

7 

6 

6 

1,243,046 

„ 1765 to 1775 . 1 

264,273 

6 

14 

6 

1,778,337 

„ 1775 to 1785 
„ 1785 to 1795* . 

304,133 

6 

3 

0 

1,827,106 

„ 1795 to 1800 

219,834 

8 

9* 

6 

2,177,724 2 


From 1838 the following may bo received as an exact statement of the progress of 
the copper mines of Western England. The accounts are made up to June 30 in each 
year specified 


Date 

Number 
of Mines 
selling 
Ore 

Total of Ore 
sold 

Fine Copper in Ore 

Money value 

Standard 



tons 


tons 












21 evts. 

cwts. 

21 cuts. 

ewts. 

qrs. 

lbs. 

£ 


d. 

£ 

s. 

d. 

1838 

76 

140,688 

20 

11,527 

4 

1 

17 

857,779 

11 

0 

109 

3 

0 

1839 

79 

159,551 

0 

12,150 

18 

1 

24 

032,297 

12 

6 

no 

2 

0 

1810 

79 

147,206 

0 

11,037 

16 

3 

1 

792,758 

3 

6 

108 

10 

0 

1811 

79 

135,090 

0 

9,987 

2 

] 

23 

819,919 

2 

0 

119 

6 

0 

! 1812 

70 

135,581 

0 

9,8<)G 

3 

0 

15 

822,870 

12 

0 

120 

16 

0 

i u-i j;: 

61 

111,806 

0 

1 0,926 

1 

0 

6 

804,455 

19 

0 

no 

1 

0 

1C44 

68 1 

152,667 

0 

11,216 

14 

1 

20 

815,246 

9 

6 

109 

17 

0 

1815 

77 

157,000 

0 

12.239 

2 

8 

11 

835,358 

19 

6 

103 

10 

0 

1816 

88 

158,913 

0 

12,417 

16 

1 

16 

886,785 

1 

6 

106 

8 

0 

1817 

1 92 

118,674 

0 

11,966 

8 

0 

18 

830,739 

9 

0 

103 

12 

0 

1818 

90 

155,616 

(1 

12,869 

19 

1 

16 

825,080 

2 

6 

97 

7 

0 

1819 

89 

144,938 

0 

12,052 

17 

3 

23 

716,917 

7 

0 

92 

11 

0 

1850 

72 

150,890 

0 

11,824 

0 

1 

21 

814,037 

3 

0 

103 

19 

0 

1851 

76 

154,299 

0 

12,199 

16 

1 

15 

808,244 

1 

6 

101 

0 

0 

1852 

82 

152,802 

0 

11,706 

16 

3 

20 

828,057 

19 

6 

106 

12 

0 

1853 

94 

180,095 

0 

11,889 

14 

0 

0 

1,124,561 

2 

0 

136 

16 

0 

1851 

96 

180,687 

0 

11,779 

14 

0 

0 

1,153,756 

3 

6 

1 140 

2 

0 


After this period the quantities giren arc those produced in the year ending December 31. 


Thu following summary for tho United Kingdom for the period, ending 1873, will 
show the falling off in the production of that metal : — 


Years 

No. of 
Mines 

Coppci* 01 e 

Value 

Copper 

Value 

1863 

222 

t(flS 

210,947 

£ 

1,100,554 

tuns 

14,247 

£ 

1,409,608 

1864 

201 

211,604 

1,155,171 

13,302 

1,350.699 

1865 

203 

198,298 

927,938 

11,888 

1,134,664 

1866 

173 

180,378 

759,118 

11,153 

1,019,168 

1867 

164 

158,541 

699,693 

10,233 1 

831,761 

1868 

152 

167,335 

642,103 

9,817 

761,602 

1869 

136 

129,953 

519,912 

8,291 

644,065 

1870 

124 

106,698 

437,851 

7,175 

651,309 

1871 

122 

97,129 

387,118 : 

6,280 

475,143 

1872 

117 

91,893 

443,738 1 

5,703 . 

1 583,232 

1873 

122 

80,188 

342,708 

5,240 

1 508,822 


* The produce ot the mines for the years 178i) to 1794 cannot be obtained* 

Years . . 1786 1787 17^8 1794 17M 

Tons , , 39,896 38,047 31,541 42,815 43,589 

Amount , . 237,2371. 190,738/, 150,303/, 380,875/« 828489L 

* This includM the last five years of the last century onlyi 
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The earlieet accounts of the Swansea sales which we have been enabled to obtain 
are from 1804| when first the copper sales were published in the * Cambrian ’ news- 
paper. The publication of the printed ticketing-papers commenced in 1839. As 
these returns show a vciy remarkable extension of the copper trade of Swansea, the 
amount sold for each year is given : — 


Copper Ores sold ai Swansea from the year 1804 to 1847. 


Bate 

English 

Wclsli 

1 Irish 

I 

i Date 

English 

Welsh 

Irish 

Foreign 

1804 

tons 

tons 

62 

j tons 

1826 

tons 

605 

tons 

1,115 

tons 

4,271 

tons 

1806 

... 


... 

1827 

508 

1,140 

7,383 


1806 

• •• 

41 

62 

1828 

320 

3.555 

8,510 

199 

1807 

... 

68 

810 

1820 

720 

6,076 

7,044 

6G8 

1808 


312 

1.391 

1830 

415 

1,788 

9,115 

934 

1809 


240 

530 

1831 

540 

1,442 

9,707 

975 

1810 

... 

400 

GOo 

1832 

646 

3,184 

11,399 

641 

1811 

... 

88 

68 

1833 

361 

1,786 

31,293 

1 .059 

1812 


622 

120 

1834 

377 

3,336 

17,280 

2.077 

1813 

... 

442 

213 

1835 

268 

3,770 

22,123 

6.758 

1814 

... 

321 

429 1 

1836 

535 

1.698 

21,013 ! 

9.04() 

1815 

77 

1.079 j 

Too 

1887 ! 

179 

2,216 

22,306 j 

1 1.521 

1816 


600 ! 

(J73 

1838 1 

964 j 

3.410 

22,161 1 

19.86S 

1817 

... 1 

422 ! 

9 ! 

1839 j 

1,812 ! 

2,637 

23.613 

24.092 j 

1818 

317 1 

247 i 

349 

1840 ! 

752 ■ 

1.525 

2(M(1() ' 

3»).3,»1 1 

1819 

1.796 

90 ' 

1,531 

1841 ! 

7o5 1 

1,380 

34.321 

■J 1.364 : 

1820 

1,408 ; 

124 i 

2,200 

1842 ' 

1.910 , 

857 

15.253 1 

! 4l.3:i2 ' 

j 1821 

957 ! 

191 j 

2,040 

1843 i 

756 1 

1,133 

17,600 1 

! •!o.7;;!» i 

! 1822 

521 ' 

412 ' 

1 .923 

1844 1 

430 

700 1 

20,063 1 

‘ 45.191 j 

1823 

633 [ 

564 1 

3,673 

1845 

622 

1.914 

19.647 

46,613 i 

1824 1 

436 1 

358 , 

4.471 . 

1846 i 

549 

1.035 1 

1 7*533 

39,3 !S 

1825 1 

2.061 ' 

1,191 

5,050 1 

1847 i 

406 

310 

11,373 i 

35,700 i 


The accounts after 1847 were Homewhal irregularly kept ; Inil. fur tlic Icn rears 
ending 1849 the Cornish and Dovonsliire copper mines sold ],48(),t)ol tons of copper 
ore, which produced 114,600 tons of metallic cojiper. During the same period there were 
sold at Swansea 6,399 tons of Ihiglish copper ore. 8.8d0 tons of Welsli, and 11(1.181? 
tons of Irish ore. After that date we are unable to separate in a satisfactory nuinnei 
the British ores sold at Swansea from the colonial and foreign ores sold in eacli year. 
The following Table for each fifth year will, however, fairly re]>resent tlio Swaij.sea 
sales of this period. 


Years 

Ore 

CopiHjr 

Viiluo , 


tons 

tons 

ewts. 

firs 

lbs. 

£ 

.s. 

a. j 

1850 

41,586 

7,108 

8 

1 

11 

549,258 

3 


1855 

43.903 

5.926 

1 

2 

14 

054,468 

11 

0 1 

1860 

39,658 

5,935 

5 

1 

10 

566.767 

6 

6 1 

1865 

' 25,217 1 

3.791 

8 

1 

16 

299,352 

3 

6 1 

1870 i 

14,534 

2,329 

31 

3 

4 

147,454 

11 

0 1 


For the last three years the following is a correct statement of the .Swansea j>uMie 
sales. Veiy laige quantities of copper ores, principally foreign, w(.‘re also lanight by 
private contract ; the quantities cannot be obtained. 


Yaacs 

Irifh mines 
ore 

Englisli mines 
ore 

'\Vel^'h luiiicK 
ores 

Foreign and 
t?olonittl ore 


tom 

tons 

tons 

tons 

1871 

7.79S 

87 

122 

17,240 

1872 

1 7.809 

929 

84 1 

1 10,743 

1873 

7,003 

1,265 

‘ 1 

! 11,908 



Quantum of Iron Ore raisel, in each in Enghnid, ScullamL and Irclmd, in {h ’ 18G3 to 1868, and the Af/girgate Quantities to 1873. 
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cf Piff Iren, made in each County in England, Wales, and Scotland, in each 
of the Years 1862, 1*863, 1864, and 1866. 


Kkolaio) : — 


1862 

1863 

18C4 

18f)5 


tons 

tons 

tons 

tons 

Northumberland . 


46,686 

40,916 

55,467 

49.290 

Durham 


337,218 

468,318 

466,980 

470,767 

Yorkshire . 


305.019 

419,942 

621,199 

609,654 

Derbyshire . 


131,005 

170,026 

174.743 

189,364 

Lancashire . 


138,563 

164,110 

195.460 

204.925 

Cumberland 


103,455 

106,090 

141,033 

107.430 

Shropshire . 


125,981 

135,557 

130.666 

117.343 

North Staffordshire 


184,455 

176,504 

217,996 

206.268 

South Staffordshire and Wor- 



cestershiro 


410,220 

691,157 

628,793 

629,627 

Northamptonshire 

Lincolnshire 


13,471 

14.590 1 

... / 

22,823 

25,728 

Gloucestershire . 
Wiltshire . 

i 

j 

i 51.968*1 

39,427 1 

65,312 

65,471 

Somersetshire 

J 

j ... / 

24.574/ 

Total 

• 

j 1,938,441 

2,451,211 

2.620,472 

2.738.867 

Wales : — 


j.,. - . 




Denbighshire, kc. 


j 31,719 

51,076 

51,108 

51,874 

Glamorganshire, anthracite 1 

! 



Caermarthonshire, „ 
Pembrokeshire, 
Brecknockshire, „ 


i 30,375 

22,944 

26,365 

29,213 

(rlmiiorganshire, hituminom 

i 441,869 

430,722 

461,822 

408.213 

I Brecknwkshire, 


j 39.000 

35,700 

34.260 1 

49,750 

j ^loimiouthshirc, ,, 


385,065 

349.387 ! 

415,174 1 

357.656 

Total 


1 925,028 j 

898,829 

988.729 

916,909 

ScOTI,AND : — 






Ayrshire 

Ijjinarkshire 

Eifeshire 
lanlithgowsliire . 
•Stirlingshire 

' 

1 ,080,000 


1,158,750 



1,160,000 

1,163,478 

• Clackmannanshire 
Haddingtonsliire 
Argyleshire 

J 





Total 

• 

1,080,000 

1,160,000 

1,168,750 

1,163,478 


Englaad . 
Wales . 
Scotland . 

Total • 


Inland 


Waisi 

Seotland . 

Total . 


The Production of Pig Iron and Esivmicd Value since 1 866. 


1866 

Tons Value 

. 2,576,9281 

. 962,969 Ul 1,309,742 

. 994,000 J 


England . 
Wales . 
Scotland 


1867 

Tons Value 

2,8HVJ4Cn 
919,077 V £11,902,657 
1,031,000 J 


. 4,628,897 


Total . . 4,701,023* 


1868 

Tons Value 

• 2,970,906') 

. 981,801 >£12,426.616 

. 1,068,000 j 


England . 
Wales . 
Scotland . 


. ip970,206 


Total . 


1869 


Tons 

. 3,466,2551 
■ 830,502 I 

. 1,150,000 J 

• 5,445,767 


Value 

£13,614,307 
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England 

Wales 

Scotland 


1870 


1871 


Tons Value 

3.736,627 T 

1 ,021,888 S£U,908,787 

1,206,000 J 


England 

Wales 

Scotland 


Tons Valtw 

. 4,379,3701 

. 1,087,809 }.£16,667,947 

. 1,160,000 J 


Total . . 6,963,615 


Total . . 6,627,179 


England . 
Wales 
Scotland . 

Total 


1872 

Tons Value 

. 4,694,6141 

. 1,057,315 Ul8,640,304 
. 1,090,00 0 J 

. 6,741,929 


Produce of Coal in the United Kingdom since 1864. 



Tons 

Tears 


Tons 

1864 . 

. 92,787,873 

1869 . 


. 107,427,557 

1865 . 

. 98,150,587 

1870 . 


. 110,431,192 

1866 . 

. 101.630,544 

1871 . 


. 117,352,028 

1867 . 

. 104,500,480 

3872 . 


. 123,497,316 

1868 . 

. 103,111,157 

1873 . 


. 127,012,767 


The following 


cannot fail to bo of interest : — 


information respecting the distribution of coal in 1871 
- 


ana laya 


Summary of Railway and Canal Distrihution of Coal in the Years 1871 and 1872. 


Railways 



1872 1 



Increase 

Decrease 

London and Nortli-Western : — 

tons 

tons 

tons 

tons 

From Cumberland . 

348,668 

384,071 

35.403 


„ ilerliy>>hiro . 

34,355 

29,201 


5, 151 

,, Stiiffltrdsliire . 

763.738 

868,774 

105,036 


,, Wales, North 

391,516 

408,667 

17,151 


„ South 

104,168 

107.520 

3,352 


„ Shropshire 

114,586 

110,364 


4,222 

Warwickshire 

202,379 

229,105 

26,726 

... 

„ Yorkshire 

207,962 

235,107 

17,145 


„ Lancashire 

6,437,050 

6,698,258 

261,208 


„ Cheshire 

141,225 

133,014 

... 

8,211 

Midland : — 

From Derbyshire . 

4,595,527 

4,875.014 

279 , 51 7 


„ Durham 

165,484 

150,990 


11.494 j 

,, Jjancashiro . 

I 21,560 

22,617 

1,057 


„ liciei-stershiro 

‘ 1,017,201 

1,162,087 

144,886 


,, Nottinghamshire . 

i 574,796 

689,407 

114,611 


„ Staffordshire . 

i 47,660 

53,842 

6,182 


., Wales, South 

i 8,345 

19,440 

11,095 


,, Warwickshire 

86,826 

119,122 

32,295 


„ Yorkshire 

1,503,650 

1,637,746 

134,096 

1,546 

„ Gloucestershire 

234,420 

232,875 1 

... 

Great Northern ; — 

From Der]>yshiro , 

1 

11,419 

9,471 


1,948 


375,449 

357,580 


17,869 

„ Durham . . . i 

511,165 

409,414 


101,761 

,, Leicestershire 

1,827 

1,231 

... 

596 

„ Retford 

223,420 

230,138 

6,718 

... 

„ Wales, South 

1,082 

1,082 


„ Yorkshire, South . 

801,504 

874,620 

1 73,116 


„ „ West Riding 

490,571 

680,068 

1 189,497 
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Bailways axid Canale 

1 1871 

1872 

1872 

InCHiBSO 

Decrease 

North-Eastern : — 

1 tons 

tons 

tons 

tons 

Prom Durham, &;c. . 

10,089,217 

10,486,168 

396,951 


„ Yorkshire and L.ancft- 
shire 

1,064.407 

1,134,542 

70,135 


Manchester, Sheffield, and Lin* 





colushire .... 

3,173,052 

3.740,501 

566,448 


Lancashire and Yorkshire . 

2.874,637 

100,000‘ 


North Staffordshire . 

1,004,049 

1,164,723 

50,674 

... 

Great Western : — 





From Radstock 

306,732 

261.657 


45,075 

,, Wales, South 

2.816,826 

3,0(>7,68r) 

250,860 


„ „ North 

839,090 

967,855 

128,765 


„ Staffordshire, for London 

1,012 

11,446 

10,434 


„ „ fonvarded j 

... 

494,608 

(uncertain) 


TaffVale i 

3.693,932 

4,213,506 

619,574 ' 


Monmouthshire . . . . j 

1,741.748 

1,759,356 

17,608 : 


Swansea Vale 

456.178 

494.844 j 

38.666 


North British . . . . 1 

3,600,618 ' 

3,797.249 

196,631 ' 


Caledonian . . . . ' 

5.014,894 1 

5,229,093 

214,199 


Glasgow and Soutli -Western 

Canals 

1,937,177 1 

2,084,894 1 

147,717 


Aire and Calder . 

i 

1 

16.14H 


Grand Junction . . , ■ 

6,615 

’ 8,236 i 

1,021 


Erewnsh Valley . . . . | 

1.949,428 ! 

2,091,377 * 

141.949 


Birmingham Canal . . . : 

4,415,697 

4.495,333 

79,036 i 


Staffordshire and Worcester Canal i 

216,642 

214,932 , 

1.710 

Total increase 



4,508,183 

202,566 

„ decrease 


• 

202,566 i 

... j 

Actual total increase 



4,305.017 

1 

... 1 


^ Estimated increai?e in 1872. “ Computed Irom actual returns. 


Shijrments of Coal. 



1871 1 

i 


1872 1 


! ' 

Increase 

Decrtiise i 

Coal exported to foreign countries ; 
Coal sent coastwise . . . ' 

tons 

12,747,689 

10,763,289 

tons 

13,198,494 

10,156,8.58 

tons 

450,505 i 

! 

tons I 

1 

365,450 j 


Details of Shipments, 

(Coke in all cases ratimated os coal.) 


From 

1871 

1872 

1872 

liifrfu.se 

Dfcreust! 

Northumberland and Durham : — 

Poreign 

Coastwise .... 

tons 

6,712,757 

6,387.412 

tons 

6,248,304 

4,737.178 

tons 

... 

ton* 

464,463 

650,234 

Cumberland 

Fawgn 

8,739 

599,744 

8,288 

830,426 

*** 1 

451 

269,319 




MINERAL STATISTICS 


255 ^ 


From 

1871 

1872 

1872 

Increase 

Decrease 

Yorkshire and Derbyshire ; — 

Foreign 

Coastwise .... 

tons 

666,346 

165,720 

tons 

824,163 

271,061 

tons 

167,817 

105,341 

tons 

Lancashire and Chesliiro : — 

Foreign 

Coastwise .... 

701,255 

642,867 

759,446 

630,232 

58,191 


Gloucester : — 

Foreign 

Coastwise .... 

12,919 

232,708 

13,953 

344,450 

1,034 

111,742 

I 2 V 635 

South Wales : — 

Foreign 

Coastwise ... 

1 3,223,944 

1 2,496.711 

3,692,767 

2,555,805 

368,823 

59,094 


Scotland : — 

l^oroign ..... 
Coastwise . , . . ^ 

} 1,421,516 

1 1,115,598 

1,571,934 

1,171,396 

150,418 

55,798 


Ireland 

2,343 

511 

... 

1,832 

Ports distant from coalfields : — 

Foreign 

Coastwise .... 

! 

1 106,798 

70,228 

96,230 

1 120,248 

41,020 

10,568 

Total increase 
„ decrease 


. 

1,109,278 

1,409,492 

202,566 

Actual decrease on those shipments 

300,214 

1 

1 


The difference between this and the 365,450 tons given on the preceding page arises 
from the deficiency of returns from some of the smaller ports. 

The total increase in the quantity of coal carried by railways and by canals in 1872, 
iMS compared with that distributed in 1871, ahown in tlie returns obtained, is, as 
slated, 4,305,617 tons. There are some not very importtint lines carrying coal, from 
whicli returns liave not been received ; and wo have no returns of the quantities 
carried by carts, or private railways or trams, directly from the pit’s mouth to the 
manufactory, or for tlie supply of towns. This, however, would not appear to have 
been largely increased over former years. The following computation of the coal 
used in our mctiillurgies, wliich is based upon information received directly from 
the smelters and ironmasters, show’s that in that direction the increase in consumption 
lias been very small : — 


Coul used in Ih fining, Besilverising, of Metals in 

the United Kingdom, 



187 

i 

1872 


Ore nneltetl, 
and inetal 
obtuiiual 

Coal nsKKl in 
smoltinf? 
and rerining 

Ore smelted, 
and inetal 
obtained 

Coal used in 
smelting 
and rc'flning 

Increase 

Decrease 

British 

tons 


tuns 

tuns 

tons 

tons 

tons 

Tin ore . 

Metal 

16.898'] 

11,320 


1 

14.266’! 

9,560 




Foreign : — 

Tin ore . 

Motol . i 

662 
6,583 J 

* 

35,168 

1,024 I 
8,342 J 

38,500 


1,668 
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1871 

1872 1 


Ore smelted. 

Coal used in 

Ore smelted, 

Coal nsed in 




and metal 

smelting 

and metal 

smelting 

Increase 

Decrease 


obtained 

and refining 

obtained 

and refining 




tons 

tons 

tons 

ons 

tone 

tons 

British : — 







Copper ore 

97,129^ 


90.551 




Metal 

6,281 


5,609 




Foreign : — 


411,912 


379,947 

... 

31,966 

Copper ore 

302,495 


317,868 




Metal . 

23,672J 


21,788J 




British : — 







Load ore 

93,965 ^ 


83,968 




Metal 

69,056 


60,455 




Foreign : — 

[ 

189,807 


185,762 

... 

4,045 

Lead ore 

20,860 


14.560 




Metal 

64,908 J 


69,9ilJ 




British : — 







Zinc ore . 

17,703 -I 


1 8.642 -j 




Metal 

i 

4,966 1 

1 171,920 

5,191 1 

199,265 

i 27,345 

... 

Foreign : — j 

1 


1 


1 

[ * f 

Zinc ore . . i 

i 

29,418 j 


32,662 J 




British : — ' 







Iron ore . . {1 6,334,888 


15.582,251 

1 



Metal . . 1 

6,627,179 1 

19,881,527 

6,741,929 1 

120,225,787 

344.260 


Foreign : — i 

1 


1 

i 

1 


Iron ore . « | 

524,034 J 


955,032 J 

1 



Bar or merchant ; 




1 



iron « 1 

6,566,175 

18,648,686; 

5,409,203 

!i8.320,830 

... 1327,854 

Total of increase and decrease 


371.605 365,532' 








^ 

Actual increase in the coal consumed in the above 1 




metallurgies in 1872 

• 


0 , 0/0 


The consumption of coal in the iron manufacture is computed, upon the information 
furnished to the Koyal Coal Commission, at the rate of three tons of coal used, for all 
purposes, to each ton of pig-iron produced. For tlie year 1872 the Mining liijcord 
Office sought and obtained returns of the coal used for nearly nil tlie blast- furnaee 
establishments. As the result of the economy which has l»een rigidly pursued sirn o 
the advance in the price of coal, we have on!}' 51 cwts. of cfiid given as usid for eaeli 
ton of pig-iron produced. This will give tlie quantity imcd in 1872 as 17.1^1,018 tois 
otily. As it is probable that the quanity given in 1871 is in excess, both years Imve 
been computed in the Table at the same rate, for strict comparison. 

The returns of coals produced, as giv^en by the inspifctors, differ from thusi; u liic’i 
ap|X;ar in the mineral statistics for 1872, us shown below, by the addition of ilu ev);il 
raised in Ireland : — 


' 

Years 

CToal raised in the 
United Kingdom 

Increase 

Coal mise l in 
Great Drituiii (In* j 
spoctor’s lU'turn; j 

1 

Increase* j 


tons 

tons 

tons j 

tons 1 

1871 . 

117,352,028 

... 

117,4.39,251 1 


1872 . 

123,497,316 

6,172,288 

123,393,853 i 

5,054,602 1 


It has been shofwn that the increased quantity of coal carried by the railways is 
above 4,305,617 tons. It is thought, however, tlmt the following estimation, made 
with great care, wUl have a ytry dose approximation to the truth, as showing the 
total inoease 
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Railways and canals, 1872, increased . . 4,000,000 

Exports, 1872, increased .... 460,505 

Iron and other metallurgies, 1872, increased , 6,073 

The quantities used at collieries and in mines, 

estimated increase 10,000 

Coal carted, or sent by private rail- or tram-roads, 
to iron -works, manufacturers, and towns, 
which does not appear in the above returns, 
estimated increase 250,000 


5,316,578 

Coastwise shipments, decrease . . • . 300,214 


Actual estimated increase in 1872 over the production 

of 1871 6,016,364 


Production o f the principal Minerals raised in the United Kingdom during 
the four years ending 1872. Ferr 1873, sec p. 246. 






186 » 

1870 

1871 

1872 





tons 

Urns 

tons 

tons 

Coals 


, 


1 07.42 V)f)7 

110,431,192 

117,352,028 

124,497,316 

Iron oro 


. 


11,508,525 

14,370,654 

16.334,888 

16,584,857 

Tin 




14,725 

15,23 

16,272 

14,266 

Copper „ . 




129,953 

106,698 

97,129 

91,983 

Lead „ . 




96,866 

98,176 

93,965 

83,968 

Zinc „ . 




15,533 

13,586 

17,736 

18,542 

Pyrites 




75,948 

68,428 

61,973 

66,916 


MZn&AXi TA&ZiOW. See IIatchrttine. 

MZVB&A& WATSSS. See Soda-Watku ; and Water. 

BEIMTSS. {Bergwerke, Ger.) The miner, in sinking into the earth, soon opens 
up numerous springs, whose waters percolate into the excavations which he digs. 
When his workings are above the level of some valley and at no groat disbuice, 
it is possible to get rid of the waters by loading them along an adiUlevel or gallery 
of efflux. This forms always tho surest means of drainage ; and, notwithstiinding 
the great outlay which it involves, it is often the most economical. Many adit-levels 
are several miles in length, and are so contrived as to discharge tho w’aters of several 
mines, as in tho Gwennap district of Cornwall, and in tho environs of Freiberg, in 
Saxony. Such an amount of slope should be given them as is barely sufficient to mako 
tho water run, at the utmost from r.Jn to so as to drain the mine to tho lowest pos- 
sible level. 

Whenever tho workings are extended below the natural means of drainage, oi 
below tho level of the plain, recourse must be had to mechanical aids. In the first 
place, the quantity of percolating water is diminished as much as possible by plank- 
ing, walling, or tuhhmg, with tho greatest possible care, those pits and excavations 
wliicli traverse the water-levels ; and tho lower workings are so arranged that all the 
W'atei*8 m/iy unite into sumps or wells placed at the bottom of tho shafts or inclined 
galleries ; w'henco they may be pumped up to tho day, or to the level of the gallery 
of efflux. In most mines simple lifting-pumps are employed, but in those districts 
where tho necessity of raising large volumes of water from groat depths has led to 
improvement, forcing-pumps or plunger-W^ts aro introduced, placed over each other 
at intervals of from 180 to 240 feet, although, for convenience, a iifting-pump or 
drawing-lift occupies the deepest extremity of the shaft, whence it raises the 
water to the first plunger, ana that again forces the stream upward through the 
column, or ireeSt to the one next above it, and so on up to the adit-level, or to 
the surface. 

These diradning-machines are set in motion by that mechanical power which happens 
to be least costly in the place where they are established. In almost the whole of 
England, and over most of tho coal-mines of France and Silesia, the work is done by 
steam-engines ; in the principal metallic mines of France, and in almost the whole oSf 
Germany and Hungjiry by hydraulic-machines ; and in other places, by machines 
moved by horses, oxen, or even by men. If it be requisite to lift the waters merely to 
an adit-level, advanta^ may be derived from the waters of ^e upper parts of the 
mine, or even from waters turned in from tlie surface, in establishing in the a4it-level 
VoL. IIL S 
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water-pmssnre machines, or overshot water-wheels, for pumping up the lower water. 
This method is employed with success in several mines of Hungary, Bohemia, Ger- 
many, Derbyshire, Cornwall, in those of Ponllnouen in Brittany, &c. It has boon 
remarked, however, that the copious springs are found rather towards tlie surface of 
the soil than in the greater depths. 

Tbanspoet of Obes to the Surface. 

The ore being extracted from its bod, and having undergone, when requisite, a hrst 
sorting, it becomes necessary to bring it to the day : an operation performed in diffe- 
rent yrays, according to circumstiincos and localities, but too often according to a 
blind routine. There are some few mines at the present day whore the interior tran- 
sport of ore is executed on the backs of men : a practice the most disadvantageous 
possible, but which is gradually wearing out. The carriage along galleries is usually 
^fiseted by means of sledges, barrows, or, still belter, by little waggons. In many 
continental countries those consist of frames resting on fpur wheels ; two larger, 
which are placed a little behind the centre of gravity, and two smaller, placed before 
it. When this carriage is at rest, it bears on its four wheels, and inclines forwards. 
But when the miner, in pushing it before him, leans on its posterior border, ho makes 
it horizontal ; in which case it rolls only upon the two larger wheels. Thus the 
friction due to four wheels is avoided, and the roller or trammer bears no part of 
the burden, as he would do with ordinary 'whoel-lmrrows. To case the draught still 
more, two parallel rails of wood or iron are laid along the floor of the gallery, to 
whicli the wlioels of the carriage are adjusted. It is especially in metallic mines, 
where the ore is heavy and the galleries often crooked, that these peculiar waggons 
are employed. In coal-mines laiger waggons, or frames carrying large baskets, are 
preferred. The above wain, called on the Continent a dog {chioi, Hnnd)^ is now often 
replaced by a larger trum or waggon with flanged wheels, running on edge-rails of 
UTought iron. 

In the great mines, such as many of the coal and salt mines of Groat Britiin, the 
saltmines of Gallieia, the copper mines of Fahlnn, and the lead mines of Alston ^Foor, 
horses have long been introduced iut<» the wc>rking6 to drag heavicT waggons, or a 
train of W'aggons attached to one another. The.M* animals often live many years 
under ground without ever revisiting the light of day, whilst in other cases tliey are 
brought to the surface at stated intervals, sometimes daily. In a few of the largest 
collieries it has been found preferable to establish stationary engines under ground, 
which bring the train of waggons, by moans of an endless rf»]>e, along the galleries to 
the bottom of the shaft. In other mines, such as lliose of Worsley in Lancashire, 
subterranean canals are cut, upon whieli the mineral is tninsportcd in boats. 

“When the operations of a mine are commencing, and the works are of little depth, 
and employ few men, it is sufficient to place over tlie shaft a simple windlass, by 
means of which a few hands may raise the water-barrels and tubs or kibbles filled 
with stone or ore ; but this method soon becomes inadequate, and must be rephiced 
by horae^whim or more powerful machines. 

Accessory Details. 

Few mines can be travelled entirely by means of galleries : more usually there are 
•hafts for mounting and descending. In the juts of many mines, especially of col- 
lieries, the men go down and come up by means of the machines which ral.'^e tlie 
miner^. In some mines of Mexico, Northern England, and the North of Euro}»e, 
pieces of wood, fixed into each side of the j)it. form the rude steps of a ladder by 
which the workmen pass up and down. In other mines, steps arc cut in the rock or 
the mineral, as in the quicksilver mines of Idria and the Palatinate, in the salt mines 
of Wielicska, and some of the silver mines of Mexico. In the last, as in the Ejist, 
they serve for the transport of the ore. which is carried up on men’s backs. Liisily, 
senne mines, as in the Austrian Alps, are doscondod by means of sloping timbers, 
tome of which have an inclination of more than 30^ The workmen in sliding down, 
in a sitting position, regulate the velocity of the descent ]>y holding a cord, which is 
fixed along the upoer side or roof of the inclined shaft. For description of machines 
mod to famBtate the ascent and descent of miners in shafts, see Man-Enqike. 

Miners derive %ht firom candlee or lamps. They carry the former in a lump of 
moist clav, of in a kind of socket, t©rminat<^ by an iron point, wliich serves to fix it 
to the side of the excavation, or to the timbering. The lamps are made of iron, tin- 
plate, ec brass, hermetieally closed, and so suspended that they may not readily droop 
or invert, and spill the oil. They are generally hung on the thumb by a hook, so as 
to leave the rest of the band at Hberty for climbing. Miners olso employ small lan- 
«B«fMnd«d ham a bnttos-hole or from the girdle. Many precaution* and much 
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experience are requisite to enable them to carry these lights in a current of air, or in 
n vitiated atmosphere. It is especially in coal mines liable to tlie disengagement of 
carburottod liydk)gen, or fire-damp, that measures of precaution are indispensable 
against explosions. The appearance of any halo round the flame must be carefully 
watched, as iudiwiting danger, and the lights should be carried near the bottom of the 
gallery. The groat protectors again.st these deplorable accidents are ventilation and 
the safety-lamp. See Safety-Lamp. 

Wo cannot conclude this general outline of the working of mines without giving 
some account of the miners. Most men have a horror at the idea of burying them- 
selves, even for a short period, in these gloomy recesses of the earth. Uonce mining 
operations wore at first so much dreaded, that in early times they could only be 
carried on by the employment of slaves. This dislike lias diminished in proportion 
to the improvements made in mining ; and finally, a profitable and respected source 
of gain, requiring a more than average exercise of skill and intellect, has given mining 
its proper rank among the other branches of industry ; and that esprit de corps, so 
conspicuous among seiimen, has also arisen among miners, and adds dignity to their 
body. Like every soc.iety of men engaged in perilous enterprise, and cherishing the 
hopes of groat success, minors get attached to their profession, which, as they advance 
in intolligenco, they regard with pride, and eventually in their old ago they look 
upon other occupations with something like contempt. They form in certain 
countries, such as Germany and Sweden, a body formally constituted, which enjoys 
considerable privnleges ; and the disgrace of being ejected from that body appears 
to exert in thoso countries a good moral influence. Miners work usually for eight 
hours at a time, this being called a core or hift {poste in French, Schicht in 
Gorman). 

Miners wear in general a hat or cap capable of withstanding a blow, and a dress 
suited to protect them as much as possible from the annoyances caused by water, 
mud, or strong draughts of air. One of the most essential parts of the costume of 
the German miner is an apron of leather, fitted on behind, so as to protect him when 
seated on a moist surface or on angular rubbish. In England the miners mostly 
wear flannel next to the skin, though they frequently in deep mines strip off all their 
clothes except their trousers. In most couulries tlie hammer and small pick or wedge, 
the instruments with which before the emplo3rmont of gunpowdcT all mining was per- 
formed (called in Gorman, Schldgel and Eisen), disposed in a St. Andrew’s cross, are 
the badge of miners, and are engraved on their buttons, and on everything belonging 
to mines. 

Many of the enterprises executed in mines, or in subserviency to them, occupy a 
distinguished rank in the history of human labours. Several mines in the Hartz, in 
Boliemia, and in Cornwall, have boon worked to a depth of above and near 2,000 feet ; 
those, indeed, of Kuttonberg in Bohemia arc said to have penetrated to 3,000 feet 
below the surface of the soiL 

A great many descend beneath tho level of the ocean ; and a few even extend far 
under its billov’s, and are separated from them by a thin partition of rock, which 
allows their noise and tlie rolling of tho pebbles to be heard. 

In 1702 there was opened at Valencianu in Mexico, an octagonal pit, fully 7a yards 
wide, destined to have a depth of 560 yards, to occupy 23 years in sinking, and to 
cost 240,000/. 

Tho great drainage-gallery of the mines of Clausthal, in the Hartz, is 11,377 yards, 
or 6^ miles long, and passes upwards of 300 yards below the church of Clausthal. 
Its excavation was comnieiicod at thirty difterent points, lasted from tlie year 1777 
till 1800, and cost about 66,000/. Tliis adit, known as tho Georg Stoll)i, havdng 
been found inadequate to the drainage of tho mines, a deeper gallery was commenced 
in 1851. This deep adit, known as tlie Ernst August Stolln, was completed in 1864, 
at a cost of 85,500/. The great adit (which drains so many of the important mines 
ill tho parish of Gwennap in Cornwall to the depth of from 30 to 60 fathoms) 
amounts, with its branches, to 30 miles in length. Sev'eral other galleries of efflux 
might also be adduced us remarkable for their great length and expense of formation. 

The coal and iron mines subservient to the iron-works of Mr. Crawshay, at Merthyr- 
Tydvil, in Wales, has given birtli to the establishment, interiorly and above ground, 
of iron railways, whose total length, many years ago, was upwards of 100 miles. 

The carriage of the coal extracted from the mines in the neighbourhood of New- 
castle to their points of embarkation is executed almost entirely, both under ground 
and on the surface, on iron railways, extending over some thousands of miles. 

There is no species of labour which calls for so great a development of power as 
that of mines ; and accordingly it may be doubted if (with the exception of some few 
engines for the large ocean-steamers) man has ever constructed machines m powerful 
as those which are now employed for the working of some mineral excavations. The 

s2 
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vatoif of seveml mines of Cornwall are pumped out by moans of stoam-onginos, whose 
ioree is ogniralenty in some instances, to the simultaneous action of many hundred 

horses. 

General Summaby of Mines. 

Hines may be divided, generally, into three groat classes : — 1. Mines in unstratified 
rocks and the geological ftirmations anterior to the coal strata. 2. Minos in the car- 
bottifiN^ons and secondary formations. 3. Mines in alluvial districts. 

The first are opened, for the most part, upon veins, masses, and metalliferous beds. 

The second, on strata of combustibles, as coal ; and metalliferous or saliferous 
beds. 

The last, on deposits of metallic ores, disseminated in clays, sands, and other nllu- 
vial matters, geologically superior to the chalk and tertiaries, and of far more recent 
formation. 

The mines of these three classes, placed for the most part in very difftTont physical 
localities, differ no less relatively to the inode of working them, and their mc'clmnical 
treatment, than in a geological point of view. 

The progress of geological science, however, shows that those divisions cannot be so 
definitely made as was formerly supposed, and that same of the rocks wliicli Masre con- 
sidered to bo very ancient, arc, in fact, among the more modern of the secondary 
strata. Thus, most of the metalliferous formations of the Andes, and of Ilungarjv 
ought, in strictness, to be classed w’itli the upper secondary, or tven the tertiary strat-i, 
al^ough they have often been so metamorphosed as to present an appearance very 
similar to the older rocks. 

The following grouping, it will bo understood, refers the mines to pliysical and not 
to political boundaries : — 

Mines of the IIartz. 

The name Hartz is given generally to the country of Forests, which extends a 
great many miles round the Brocken, a mountain situated about 55 miles W.S.W. 
of Magdeburg, and which rifcs above all the mountiins of North Germany, being 
at its summit 1,226 yards above the level of the sea. Tlie IIartz is about 43 miles 
in length from SS.E. to NN.AV,, 18 miles in breadth, and contains about 450 square 
miles of surface. It is generally hilly, and covered two-thirds over with forest.s 
of oaks, beeches, and firs. This rugged and picturesque district corresponds to a 
portion of the SUva Hercynia of Tacitus. As agriculture furni.sho.s few re.sourew 
there, the exploration of mines is almost the only m(;ans of subsistence to its in- 
habitants, who amount to about 50,000. The ]»rincipal towns, Andreanhirq , Chun- 
ihal, ZAlerfdd, Altenan, Jjautenihal, WiUhmmm, Grund, an^i Godar, bear tin* title 
of mine-cities, and enjoy peculiar privileges; the people deriving their su]>si.<itenee 
from working in the mines of lead, silver, and copper, over which their houses aro 
built. 

The most common rock in the Hartz is greywaeke. It incloses the principal veins, 
is associated with clay-slate, Lydian stone, or siliceous slate, and greenstone.s ; and is 
succeeded in geological order by a limestone referable, with a large jtroportion of 
the slaty beds, to the Devonian system. Tlie granite of wliieh the Brocken is formed 
snpporta all this system of rocks, forming, as it were, t heir nucleus. 

The vdns of lead, silver, and copper, which constitute the principal wealtli of tlio 
Harts, do not pervade its whole extent. They occur chiefly near the Uiwns of Aii- 
draasbeig, Clausthal, Zellerfeld, and laiutenthal ; arc generally dirwted from F. to 
W., and ^p to the N.E. in the Androasberg, and to tho S. in the Claustluil ilistrict, 
At an angle of about 80^ with tho horizon. 

Tberidie^ silver mines are those of the environs of Androasberg, among which 
may be distinguished the Samson and Neufang mines, worked to a depth of 2,740 
Hnglii^ feet or 456 fathoms. In tho first of them there is tho greatest step cxph>i- 
tation to be met with in any mine. It is composed of 80 nnd^hand stapes, and is 
mom than 1150 yards long. These mines were discovered in 1520, and the city \vas 
built in 1521. Th^ produce argentiferous galena, with silver ores properly so called, 
sueh as red nlver ore, and ores of cobalt. ' 

The district which yields most argentiferous lead is that of Claustlial. It compre- 
hends a great manv mines, several of which are worked to a depth of above 300 
ihthoms. Such of tne mines as are at the present day most productive, have been 
esploiNd stnoe the fimt years of tlie 18th century. Two of tho most remarkable ones 
w t he mine of Dorothea, and the mine of Carolina, which alono furnish a large 
fwpoftibn of the whole net product The grant of the Dorothea mine extends 
A lioMrfli 257 vaxdM, in the direction of the vein, and t^ugh a moderate 
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breadth perpendicularly to that direction. Out of these bounds, apparently so 
small, but which however surpass those of the greater part of the cirnceasions in 
the Hartz, there were extracted from 1709 to 1807 inclusirely, 883,722 marcs of 
silver, 768,845 quintals of load, and 2,385 quintals of copper. This mine and that of 
Carolina have brought to their shareholders in the same period of time more than 
1,120,000/. profit ; and have besides powerfully contributed by lotins without interest to 
carry on the exploration of the less productive mines. It was in order to effect the 
drainage of the mines of the district of Clausthal, and those of the district of Zeller- 
feld adjoining, that the great Adit Levels have been excavated. 

Below George III.’s l)cep Adit {Georff Stolm) a still deeper gallery has been con- 
structed, known as the Ernest Augustus Adit August Sfolln), and to complete 

the drainage of the mines in this district a water-level is in course of construction, 
126 fathoms below the Deep Adit, or about 320 fathoms below the surface. 

Next to the two districts of Clausthal and Zellorfeld, and Andreasberg. comes that 
of Goslar, the most important working in which is the copper mine of the Rammels- 
hergy opened since the year 968, on a mass of copper pyrites, disseminated through 
quartz, and mingled with galena and blende. It is worked by shafts and galleries, 
with the employment of fire to break down the ore. This mine produces annually 
from 1,200 to 1,300 metric quintals (about 275,000 lbs. avoird.) of copper. The 
galena extracted from it yields a small quantity of silver and a very little gold. The 
latter metid amounts to only the five-millionth part of the mass explored; and yet 
means are found to separate it with advantage. The mine of Lauterhurg is worked 
solely for the copper, and it furnishes annually nearly 66,000 lbs. avoird. of that metal. 

Besides tlie explorations just noticed, there are a greiit many mines of iro)i in dif- 
ferent parts of the Hartz, which give activity to imporbint forges and fiirnacos. 
The principal ores are sparry iron, and red and brown haematites, which occur in 
veins, beds, and masses. 

The territory of Anhalt-Beniberg presents, towards the S.E. extremity of the 
Hartz, lead and silver mines, which resemble closely those of the general district. 
They produce annually 33,000 lbs. avoird. of lead. 

At the southern foot of tlui IIart,z, at Ihlefeld, there is a mine of manganese. 

The exploration of tho Hartz mines may bo traced bnek for about 900 years. The 
epoch of their greatest prosperity was tho middle of the 18th c(?ntnry. Their gross 
annual amount was, in 1808, upwards of one million sterling. Lead is their principal 
product, of which they furnisli annually 100,000 quinbils, with 44,000 marcs, or 
22.000 lbs. avoird. of silver, about 360,000 lbs. avoird. of copper, and a very great 
quantity of iron. Some of these mines are worked by tho Government, others by 
companies of adventurers. Tlicy are celebrated for the excellence of their mining 
operations, for the systematic application of the processes for dressing the ores, and 
.for the activity, patience, and skill of their workmen. 

The Hartz is referred to especially for the, manner in which the waters are collected, 
and economised for floating down the timber, and impelling tho machiner}\ With this 
view, dams or lakes, canals and aqueducts, have been constructed, remarbible for 
their good execution. The watercourses are formed either in the open air round tlio 
mountain sides, or llirougli their interior as subterranean galleries. The open channels 
collect the rain-waters, as well as those proceeding from tho melting of snows, from 
the springs and strejindc'ts, or small rivers that fall in their way. The subterranean 
conduits are in general the continuation of the preceding, whose circuits they cut 
short. Those watercourses present a development in all, of above 125 miles. Tho 
banks of some of the reservoirs are of an extmordinary height. In the single district 
of Clausthal there are 63 ponds, which supply water to a great number of overshot 
wheels ; of those attached to the mine.s, 46 wheels are at the surface, 21 and 3 water- 
pressure engines underground, whilst 50 wheels are applied to tho dressing ma- 
chinery, an<l 39 to tlio smelting furnaces. 

In the mines of the Upper Hartz alone 6,000 persons are employed. 

Mines op the East of Gekmany. 

Wo shall embrace under this head tho mines opened in the primary and traneitioii 
territories, which constitute the body of a great portion of Bohemia, and the adjacent 
parts of Saxony, Bavaria, Austria, Moravia, and Silesia. 

Among the several chains of small mountains that cross these countries, the richest 
in deposits of ore is the one known under the name of the ErzgehirgCy which separates 
Saxony from Bohemia on the left bank of the Elbe. 

The Erzgebirge contains a groat many mines, whose principal products axe rilver» 
tin, and cobalt. These mines, whose exploration remounts to the 12th century, and 
particularly those situated on the northern slope within the kingdom of Saxony, baye 
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been long celebrated. The scliool of mines established at Freiberg has been consi- 
dered the most complete in the world. This is a small citj near the most important 
workings, 8 leagues W.S.W. of Dresden, towards tlio middle of the northern slope 
of the Erigebirge, 440 ywds above the level of the sea, in an agricultural and trading 
district! well cleared of wood. These circumstances have modified the working of 
the mines ; and render it difficult to draw an exact parallel between them and those 
of the which are their rivals in good exploration. They are peculiarly re- 

markable for the perfection with which the engines .are constructed both for drainage 
and extraction of ores, all moved by water or horses ; for the regularity of almost all 
the subterranean labours ; and for the beauty of their walling masonry. In the por- 
tiwn of these mountains belonging to Saxony, the underground workings employ 
directly from 0,000 to 10,000 men, who labour in more than 400 distinct mines, all 
associated under the same plan of administration. 

The silver mines of the Ercgehirgc are opened on veins which traverse gneiss ; and 
though quite different in this respect from the argentiferous veins of ClanMal, 
Chtanaxitato^ Schannitz^ and Znieof\ present but a moderate thickness, rarely exceed- 
ing a few feet They form several groups, whoso relative importiince has varied 
very much at different periods. 

For a long time back, those of the environs of Freiberg have been much the most 
productive; and their prosperity has been always on the advance, notwithstanding the 
increasing depth of the excavations. Many of the mines now exceed 220 fathoms in 
depth, and wnth a view of relieving them of n part of the height through which the 
water has to be raised, an Adit Level from the valley of the Elbe at Meissen, a 
distance of above 18 miles is brought up. The most productive and the most 
celebrated in the present centuiy’ have been the mines ofIIimiL.olsfurst, Himmelfalirt, 
and that of Beschertgliick. 

Among the explorations of the Erzgebirge there arc none which were formerly so 
flourishing as those of Marienberg, a small town situated seven leagues SS.W. of 
Freiberg. In the 16tb century ores were frequently found there, even at a short dis- 
tance from the surface, which yielded 85 per cent, of silver. The disasters of the 
Thirty Years’ War put a term to their prosperit}'. Since lhat period they have con- 
tinually languished ; and their product now' is very small. 

Our limits do not permit us to describe in detail the silver mines that occur near 
Ehtenfriedcradorf^ Johann- Gcorgemiadt^ Annaberg, Ohcrwicscnthaly and Schneeberg. 
Those of the last throe localities produce also cobalt. 

The mines of Siiint-George near Schneeberg, ojx'ned in the 15th century as iron 
mines, became celebrated some time after as mines of silver. Towards tlie end 
cf the 15th century, a mass of ore was found tlicre which afforded 400 quint^ils of 
silver. On that lump, Duke Albert's dinner was served at the l>oUom of tlio mine. 
Their richness in silver has diminished since then ; but they have attiined more import- 
ance during the last 200 years, as mines of cobalt, than they ever liad ns silver mines. 
Saxony is the country where cobalt is mined and extracted in the most extensive 
manner. It is obtained from the same veins with the silver. Smfilt, or eobalt-bluc, 
is the principal substance manufactured from it. A little bismuth is extracted from 
Uie mines of Schneeberg and Freiberg, Some manganese i.s loiiud in the silver 
mines of the Er^ebjrge, and particularly at Johann-Oeorgensta lt. 

The mines of Saxony produce a little argentiferous galena and argentiferous gi'cy 
copper; but the ores of lead and copper may be regfirdod almost as only accessory 
piquets of the silver lodes, from which 78,000 centner or cwts, of the first of these 
metali are annually extracted, and 341 cw'ts. of copper. The actual minenils of silver 
are the more important ores. They were treated partly by amalgamation, at the excellent 
eetablishment of Halsbriicke, which was closed in 1859, and partly by smelting processes, 
the principal works for which are on the Mulde, near Freiberg. The average richness 
of we ettver ores throughout Saxony is only from 3 to 4 oz. per quintal ; viz. nearly 
equal to that of the ores of Mexico, and very superior to tlie uclual richness of tlie on s 
of Potoii. The silver extracted from them contains a little gold. The Saxon mines 
produced, in 1858, 65,500 lbs. of silver. Of these, the district of Fniberg alone 
fhrnished 64,000; and among the numerous mines of that district, tliat of Himmelsfiirst 
of i^lf used to police 10,000 marcs. 

8ilTer minei oxift also on the southern declivity of the Erzgebirge, whic'h belongs 
to Bdhsmia, at JoaeJUmtthal and BUistadt^ to tlio N.E. of Eger. Argentiferous 
galena is prindpally extracted from the latter, from lodes in the cry.^talline slates. 

The mines of Joachimstlial have been explored to a depth of 650 yards. They 
were foarmetly very flonrishing; but in 1805 they were threatened with an im- 
pendi^ abandonment. More active operations have recently been commenced ; and 
minmls raised are various ores of silver, and ores of cobalt, nickel, uranium and 
pgUpillu Hie uitiai of Kuttenberg, situated farther east, near Qitschin, 
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have been excavated, according to old authors, to the depth of 500 fathoms, but have 
long been abandoned. 

Mines of silver and lead are also worked in gneiss at Batiborzitz ; Adamstadt, 
near Budweis, which yielded in 1852, 1,200 marcs of silver ; Michelsberg, near Plan ; 
Klostergrab, near Teplitz ; and Mies, 25 leagues W.S.W. of Prague, at the base of the 
Bohmorwaldgobirge, a chain of mountains which separates Bohemia from Bavaria. 

The most important in the country, and some of the most flourishing in Europe, 
are at I'rzibram, 12 leagues S.W. of Prague, at the extremity of the mountains which 
separate the Beraun from the Moldau. In this district, the argentiferous galena is 
accompanied by blonde, in which the presence of cadmium has been observed. These 
mines, which are worked with all the newest appliances, and have reached in places 
above 300 fathoms in depth, yield annually 46,000 marcs of silver, and 20,000 cwts. 
of load. The lodes, about 60 in number, are most productive in the greywacke, and 
C(Hii’S 0 N.E. and S.W. 

Gold, which in early times was obtained in largo quantity from the rivers of 
Bohemia, has been extracted from veins in gneiss at Bcrgreichenstoin and at Eulo, and 
in granite at Tok and Mileschow. 

The copper ore at present worked in several localities is very unimportant. 

Next to the silver mines, the most important explorations of the Erzgebirge are 
those of tin. This metal occurs in veins, massive, and disseminated in massc.s of 
vitreous grey qUartz, imbedded in the granite. It is also found in alluvial sands. The 
most important tin mine of the Erzgebirge is that of Altenberg, in Saxony, which 
has been working since the 15th century. Some tin is mined also near Goyer, 
Ehronfriodersdorf, Johann- Georgonstadt, Scheibenberg, Annaberg, Seiffen, and 
Marienbcrg, in Saxony. At Ziniiwald it is also found ; where the stanniferous dis- 
trict belongs partly to Saxony and parly to Bohemia; important mjne.s also 
occur in the latter territory at Schlackcnwald, Graupen, and Abertham, and slightly 
productive ones at Platton and Joachimsthal. In several of these mines, particularly 
at Altenberg and Geycr, fire has been employed for attacking the ore, because its matrix 
is extremely hard. In almost the whole of them, chambers of too great dimensions 
have boon excavated, whence have arisen, at difterent epochs, serious sinkings of the 
ground. One of these may still bo seen at Altenberg, which is 130 yards deep, and 
iKiarly 50 in breadth. The mines of Abertham are explored to a d(‘pth of 550 
yards; and those of Altenberg to 330. Tho tin mines of the Erzgebirge produce 
annually 2,500 cwts. of this metal. 

Tho tin ores are accompanied ])y arsenical pyrite.s, which, in the roasting or cal- 
cination that it undergoes, produces a certain quantity of arscnioiis acid. 

The Erzgebirge presents also a great mauy iron mines, particularly in Saxony, at 
Bothenherg, near Schneeberg, where tho lode is of fine haematite, and from 12 to 24 
feet in thickness. In Bohemia, at Plalten, where may bo remarked especially the great 
explorations opened in the vein culled tho Irrgang ; at Horzowicz, where an excellent 
haematite is worked ; at Ransko, and many other places. 

There is also in the Erzgebirge a mine of anthracite (stone-coal) at Sckoiifddj near 
Erauenstein in Saxony. 

Tho ancient rock formations which appear in tho remainder of Bohemia, and in 
tho adjacent portions of Bavaria, Austria, Moravia, and Silesia, are much less rich in 
metals than the Erzgebirge. No explorations of much importance exist there. 

The Fichte/gebirgr, a group of mountain.s standing at tho western extremity of the 
Erzgebirge, between Ilof and Bayreuth, contains some mines, among which may be 
noticed, princiimlly, mines of magnetic black oxide of iron and of antimony. 

The N.E. slope of tlio Kiesongebirge (Giant Mountains), which separate Bohemia 
from Silesia, presents also several explorations. The argentiferous copper mines of 
Btidohtadt and of Kupferberg have l>ecn stated as producing annually a considerable 
qmintity of copper, and from 600 to 700 marcs of silver ; the mine of arsenical 
p^Titos at Reichonsteiii, in the circle of Glatz, yields also a very small proportion of 
gold. Chrysopaso has been found in tho mountain of Kosenitz. 

Mines op the Alps and Italy. 

The mines of the Alps by no mean.s correspond in number and richness with the 
extent and mass of these mountains. On their western slope, in the department of the 
High and the Low Alps, several Icml and copper mines are mentioned, all inconsider- 
able and abandoned at the present time, with tho exception of some workings of 
galena, which furnish also a little griiphite. 

During some of the last years of tho 1 8th century, there was mined at La GardetU 
in the Oiaana, department of the Iserc, .i vein of quartz which contained native gold 
and auriferous pyrites; but tho product never paid the expenses, and the miog 
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has beon abandoned. The workings were resumed in 1837# Se.e description in 
Jourmi det Mines, t. xx. 

The d^Mrtment of the Is^re presented a more important mine, worked with regu- 
j^ty from 1768 to 1816; but it also has been given up ; it was the silver mine of 
cr Chalanehes. The ore consisted of different mineral species, more or less 
neh in silver, disseminated in a claj which 'filled the clefts and irregular cavities in 
the middle of taloose and hornhlendo rocks. This mine yielded annually, towards the 
of the 18th ceu’^urj’, as much as 2,000 marcs of silver; along with some 
eobalt ore. Among the great number of mineral species, which occurred in too small 
quantities to be worked to ad^’antage, there were native antimony, sulohuret of mer- 
jury, &C. In the High Alps the mine of argentiferous galena called l/Argentiere has 
been resumed. 


From the entrance of the valley of the Oisai?s to the vnlley of the Arc in Savoy, 
there occur, on the N.W. slope of the Alps, a great many mines of sparry iron. The 
^urronce of this ore is here very difficult to define, it appears to form sometimes 
beds or ^sses, and sometimes veins amid the talcosc rocks. Some is also found in 
^all veins in the first course of the calcareous formation which covers these rocks. 
Th^ mines are very numerous, the most productive occur united in the neighbour- 
how of Allemrd^ department of the Isere, and of Saint. Georges Huretiercs in Savoy. 
Those of Fomeaux nna Lapraf, in the latter country, are also mentioned. The irre- 
pilanty of the mining operations .^urjiasses that of the deposits. The mines have 
been from time immemorial in the hand.s of the inJiahitants of the adjoining villagrs, 
who w^k in them, each on his own account, vithont any pre-arrangement, or other 
rule than following the masses of ore which excite li opes of the most considerable 
profit in a §hort space of time. What occurs frequently in mines of sparry iron, is 
also to be seen here, most imprudent workings. The mine called the Grande Fossi% 
at Saint Georges d! Hnrciihvs, is prolonged, without pillars or ]wops, through a height 
of 130 yards, a length of 220 yards, and a breadth ecjunl to that of the deposit, which 
amounts in this place to from 8 to 13 yards ; thus a void space is exhibit txl of nearly 
300,000 cubic yards. The spa it}- iron extracted from these different mines supplies 
mabenals to 10 or 12 smelting furnaces, the cast-iron of wliieh. chiefly adapted for 
conversion into steel, is manufactured in part in the celebrated st(!cl works of Hives, 
department of the Isere. There occurs in some parts of the mines of Saint Georges 
d:Hureiiercs copper pyrites, which is smelted at Aigvehdlc. 

celebrated lead mines at Pesry and at Macof, 7 leagues to the E. 
of Moutiers. Galena, nceompinied with quartz,’ sulphate of baryU, and fi'rriferous 
carbonate of lime, occurs in mass in talcose rocks. Tlu* mine of Pcsey was taken up 
^7^2 by the Irench Government, which established there a practical school 
of min^ ; and in its hands the mine prodncocl annually as much as 440.000 Ibs.avoird, 
of lead, and 2,500 marcs of silver. That of Macot, opened a few years ago, has 
given considerable returns. 'J'he mine of copper pyrites of Servo::, 'in the, valley 
of the Arve, may also be mentioned. The ore occurs l)ot]i in .«;mall veins and 
aiSMUunated in a clay slate; but the expdoration is now susjtended. Jvistlv, slightly 
prwuctive workings of anthracite are mentioned in several points of tliosi* iimuntains 
And in the conterminous portions of tlie Alps. 

There exist in Piedmont some small mines of argentiferous lead. The copixT 
mines of and those of formerly yielded considerable quantities of 

Wfi metal. Iheir exploration is nowon the decline. Th(; manganesi? mines of Saint- 
Marcel have been but feebly developed. Mines of plumbago, litthr worked, oevur in 
the neighbourhood of Vtnay and in the vaUey of IHUh, not far from Piqnerol Some 
mines of aunferous pyrites have also been worked in this district of country; amon^^ 
others, th<Me of Mactegnaga, at the eastern foot of Monte Kosa. The pyri^s of this 
mine afford^ by ama^mation only 11 grains of gold y>or quint al ; and this gold, far 
from being 6°®? contained :lf of its weight of silver. They hecamc less ricli in pro- 
portion aa they recced from the surface. Several similar mines are working in tlie 
Talleys of Toppa, and Antrona, in the province of Pallanza ; the value of the 

produce being about 20,000/. annually. 

The most important mines in this country are those of iron. These generally 
conaist of maaues of magnetic oxide of iron, of a nature analogous to those of Sweden • 
the ppncijjl ones being those of Cogne and Traversella, which are worked in open 
quatnes. ^me others, less considerable, are explored by shafts and galleries. These 
” imeltii^ cajpcliis, and Catalan forges. There are considerably above 
^ehunored rellnciy hearths. The whole produce is stated to bo from 10,000 to 16 000 
tons of bar iron, ’ 

i . a minrtf bhA oxide of iron, at present abandoned, at Sovemier, near 
“e lliere 3a alao another iron mine at CJiamoiseona, in a loftj 

•WWW mounUin on Uie rigjit bank ot tbe Bb6ne. The ore preaenta a mixture rf 
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oxide of iron and some other substances, of which it was proposed to make a new 
mineral species, under the name of Chamoissifco. 

The district of the Grisons possesses iron mines with very irregular workings, 
situated a few leagues from Coire. 

In Tyrol, the mines of Kitzbiihel and Itbhrerbiichel were formerly worked with 
great activity, and in the middle of the eighteenth century had attained the depth of 
440 fathoms; they wore then considered the deepest in Europe, but were soon 
afterwards abandoned. The ores, copper pyrites, and argentiferous fahlcrs occurred 
in clay-slate. The products of some small mines in this locality, certain of which 
are worked in a secondary limestone (as as Rattenberg), are carried to the foundry of 
Brixlegg, four leagues from Schwatz. The mines of the Tyrol furnished, on an 
average of years, towards 1750, 10,000 marcs of silver; at anterior periods, their 
product had been double ; but now it is a little less. This region contains also gold 
mines whoso exploration goes back a century and a half. They occur near the 
vi lingo of Zell, eight leagues from Schwatz. The auriferous veins traverse clay- 
slates and quartzose-slates. The richer portions contu-jn 16 to 20 loth (at ^ an oz.) 
of gold in 100 c^^ls. of vein-stone ; the remainder only ^ U) J of a loth in the same 
quantity. 

At Borgo nofir Tricnt, and I^iindererborg near Clausen, lodes occur in clay-slate 
and greenstone-porphyry, from which are extracted ores of silver, lead, copper, and 
zinc. An unimportiint occurrence of mercury has also been mentioned in that country, 
nojir the Brennir. 

In the territory of Salzburg there are some copper mines ; at Zell am See, Brenn 
thal, Muhl, and Mittcrberg, near Worfen. In the lofty -mountain region near Gastein 
auriferous lodes have been worked for centuries at the Rathausberg, Sicglitz, and 
Rfiuris. From 118 marcs of gold in the earlier part of the century, the annual yield 
has diminished to 80. 

At Lcogang and Nockclberg an inconsiderable amount of cobalt and nickel ore is 
mist'd. 

There are mines of argentiferous copper, some of them also yielding nickel and 
cobalt, analogous to those of the Tyrol, at Schladming, Feistritz, Walchern, and 
Kallwang; in Styriii ; at Gross-Fragarit and Arza in Carinthia. In the last-men- 
tioned province, the mines of St. Marciii and Saversnig yield cousiderablo quantities 
of lead ; whilst at Agordo, in the Venetian Alps, copper ores are raised on a large 
scale. 

At Radlberg and Lassnigberg, in Carinthia, about 321 cwts. of antimony were an- 
nually produced a f(?w years since. 

Other lend mines of this portion of the Alps, as those of Bleibcrg and Raibl, are 
worked in limestones belonging to the secondary period. 

Ill the Tyrol and in Salzburg, at Schwartz, Pillersee, Bischofshofen, &c., various 
ores of iron are worked. But the portion of the Alps most abundant in mines of this 
metal is the branch stretching towards Lower Austria. We find here, both in Styria 
and in Austria, ji very great number of explorations of sparry iron. The deposits of 
the ores of sparry iron of Eisenerz, Erzberg, Admont, and Vordernberg, deserve 
notice. The latter are situated about 25 leagues S.W. of Vienna. 

The southern Hank of the Alps contains also a great many mines of the same 
kind, from the Lago Maggiore to Carinthia. Those situated near Bergamo, and 
those of Wolfsborg, Hiittenl^rg, and Waldenstein, in Carinthia, are among the more 
notable. 

All these mines of sparry iron are opened in the midst of rocks of different natures, 
which belong to the old transition district of the Alps. They seem to have close 
geological relations with those of Allevard. 

The branch of the Alps w’hich extcinls towards Croatia, present important iron 
mines, in the mountains of Adelsliorg, 10 leagues S.AV. from I^aybach in Carniola. 

The iron mines just now indicated in the part of the Alps that forms a portion 
of the Austrian Empire, supply materials to a groat many smelting- works. In Styria 
and in Carinthia more than 400 furnaces or forges may be enumerated, whose annual 
product has increascKl within the last few years from 20^)00 to upwards of 100,000 tons 
of pig-iron. Thest) two provinces are famous for the steel which they produce, 
and for the good iron and steel tools wdiich they manufacture, such as scythes, &c. 
Carniola contains also a great man 3 ’ forges, and affords annually about 6,000 tons 
of iron. 

The limestones surmounting tlie southern slope of the Alps contain also some lead 
mines ; but the quicksilver mine of Idria, situated in Caraiola, 10 loi^es N.W. jof 
Trieste, is worthy of particular notice. It lies beueiitli a limestone which everything 
leads us to refer to the tries and Halstatt lieds, the most ancient of the secondary lime- 
stone; but it is uncertain whether the shales in which the cinnabar ooeon, and their 
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underljing limestone, belong to the carboniferous or to on older series. About 2,500 
cwts. of qaiekailver are produced annually. ^ • j 

There has been worked for a few years a mine of chromate of iron at Gassin, de- 
partment of Uie Var. 

The Apennines, which may be considered os a dependence of the Alps, present a 
small number of mines, most of them worked on repositories of ore which have a 
m a r ked r^otion to the occurrence of serpentine. Thus a most successful copper mine 
has bemi in active operation for some years at Monte Catini, in Tuscany ; and in the 
same district of the Maremme several other localities have been worked for copper, 
mercury, and antimony. 

Before quitting these regions we ought to notice the iron mines of the isle of Elba. 
They have been famous for 18 centuries; Virgil denotes them as inexhaustildo. and 
supposes them to have been open at the arrival of ^Eneas in Italy. They are explored 
by open quarries, working on an enormous mass of specular iron ore, pcrfonited 
with cavities bespangled with quartz-crystals. The island possesses two explorations, 
called Rio and Terra Nuova ; the last having been brought into play at a recent 
period. The average amount extracted per annum is 26,000 tons of ore, which are 
smelted in the furnaces of Tuscany, Liguria, and other parts of Italy, and in 
the island of Corsica. The island of Sardinia contains many indications^ of silver, 
lead, and copper ores ; hut few important mines have hcen opened in modern 
times. Zinc and lead ores are, however, worked in Sardinia. 

*In the kingdom of Italy, there arc 1 10 mines in operation, about one quarter of the 
whole number in the country*: 46 are iK)n, .'Mr copper. ]3 argentiferous lead. 14 
BuriferoiLS pyrites; the other are, 10 zinc, mercury, nickel, and manganf'se. Tlic 
metallurgical works treating Italian -ores arc 336, subdivid<*il ns follow: — Jn*n works, 
299; copper, 21; argentiferous. 10; gold. 2; others, 3. The iron ores of Italy are 
specular, and oligiste iron ores in the islands of Elba, at Cogne, Valley of Aosta, and 
Tebro in the Valtcbna, besides several deposits in Sardinia : h.Tmatitc at PenedoUito 
in Valtelina, and Pizzano in South Italy; spathic iron, slightly mangnniiVrous. in the 
Red Sandstone of the Trias ; spathic iron, highly mnnganiferous, and spathic iron in 
veins. Of the 46 iron mines in operation, 21) are situated in Lombardy, 8 in 
Piedmont, 6 in TusK'any ; .Sardinia, Calabria, and Emilia hriving tlie three others. 
The iron mines employ 1,888 workmen and 324 children. I'he smelting works arc 
336 in number, of which 299 are in operation, and 37 closed; the former using a 
motive-power of 6,688 horses, of which 4,363 are produced })y water and 1.190 hy 
steam. Italy has 38 hlast-funiaces. The iron works have 2.610 skilled workn)en 
and 6,667 labourers; the former receive 3*05 francs a day. ilio latter 1*80 fninc, and 
the children 0 80 franc. The number of working day.s is about 300 a y(;ar. I'liere 
are, besides, three mines of iron pyrites near Turin, for the fabrication of sulphuric 
acid and copperas.’ 

Mdtks of the Vosges an® the Black Forest. 

These mountains contain several centre.s of exploration of argentiferous ores of lead 
and copper, iron ores, and some mines of manganese and nntliraciU'. 

At Lacroix-aux- Mince f department of the Vosges, a vein of argontiforous lead has 
been worked, which, next to the veins of Spanish America, is one of the greatest 
known. It is several fathoms thick, and has been traced and mim;d tlirougli an 
ej:tent oi more than a league. It is partly lilled with dihris, among wliich occurs 
some argentiferous galena. It contains also phosphate of lead, ruby-silver ore. 
nadve silver, &c. It runs from N. to nearly imrallid to the line of junction of 
the gneiss, and a porph 3 Toid granite, tliat passes into syenite and porpliyry. In 
seve^ points it cuts across the gneiss; but it probably also occurs between tlio 
two rocks. It has never been worked below the level of the adjoining valley. I'Jio 
mities opened on this vein produced, it is said, at the end of the 16th century 26,000/. 
per annum; they were still very productive in the middle of the last century, and 
famished, in 1766, 2,640,000 lbs. avoird. of lead, and 6,000 marcs, or 3,230 lbs. 
avoiid. of silver. 

The veins explored at Sainte Mark-aux-Mince also traverse the gneiss ; })ut their 
dirsetion is nearly perpendicu^ to that of the vein of ImctoIx, from which they are 
•epaxatad by a barren mountain of ^enite. They eonUiin, besides galena, several ores 
of copper, cobalt, and arsenic ; all more or less argentiferous. There is found also, 
at a little distance fiwm Saint Mary of the Mince, a vein of siilphuret of antimony. 
The mines of SaUmte Markt opened several centuries ago, are e.mong tlie most ancient 
in Rranoe; and yet they have been worked veiy little below the level of the adjoining 
TtUeya. 

hit bean opaaed up u the eayirooe of Qvtomgry, on the southern verge of 
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the Vosges, a groat number of reins, containing principally argentiferous ores of lead 
and copper. They run nearly from N. to S., and traverse porphyries and clay-slatos. 
The workings hare been pushed as far as 440 yards below the surface. These mines 
were in a flourishing state in the 14th and 16th centuries ; and became so once more 
at the beginning of the 17th, when they were undertaken by the house of Mazarin. 
In 1743 they still produced 100 marcs, fully 52 lbs. avoird. of silver in the month. 

The mines of Lacroix^ of Sainte Marie-aux- Mines ^ and of Giromagny^ are now 
abandoned • but it is hoped that those of the first two localities will be resumed cro 
long. 

In the mountains of the Black Forest, separated from the Vosges by the valley of 
the Rhine, but composed of the same rocks, there occur at Badenweiler and near 
Hochhvrg^ not far from Freiberg, mines which have at times been actively worked. In 
the Fiirstenbcrg district, near WoJfach, particularly at Witticken and Schaphach, tlioro 
are mines of copper, cobalt and silver. The mines of Wittichon produced, some 
years ago, 1,600 marcs, or near 880 lbs. avoird. of silver per annum. They supply u 
manufacture of smalt, and one of arsenical products. A few other inconsiderable 
mines of the same kind exist in the grand-duchy of Baden, and in Wurtemborg. 

Several importmt iron mines are f'Xplored in the Vosges ; the principal are those 
of Framont^ w’hose ores are red oxide of iron, with crystJillinc specular ere, which 
nppciir to form veins of groat thickness, much ramified, and very irregular, in a 
district composed of greenstone, limestone and clay-slates. The subterranean 
workings, opened on these deposits, have been hitherto very irregular. There has 
been discovered lately in these mines, an extremely rich vein of siilphuret of copper. 
At Rothau, a little to the cast of Framont, thin veins of red oxide of iron are worked ; 
sometimes magnetic, owing probably to an admixture of protoxide of iron. These 
veins run through a granite, that passes into syenite. At Saulnot near Belfort, there 
arc iron mines, analogous to those of Framont. 

In the neighbourhood of Ihann and Massovanx, near the sources of the Moselle, 
veins are worked of an iron ore, that traverse formations of grcywncke, clay-slate, 
and porphyry. Ljistly, in the north of the Vosges, ne^ir Bergzabern, Erlenbnch, and 
8cbenaii, several mines have been opened on very powerful veins of brown lifematito 
and compact bog ore. accompanied with a little calamine, and a great deal of sand and 
fUhris. in sonuj points of tlu'se veins, the iron ore is replaced by various ores of lead, 
the most abundant being the phosphate, which aro explored at Erlcnhach and 
Knf::vnfhaL These veins traverse the sandstone of the Vosges: a formation whoso 
geological positifJn is not altogether well known, but whicli contains iron mines 
analogous to tlie preceding at LangenthaJ y at the foot of Mount Tonnerre, and in the 
Palatinate. Many analogies seem to approximate to the siindstono of the Vosges, the 
Kindstone of the environs of Saint Avoid (Moselle), which include the mine of brown 
hcematite of Vrcutzwaldy and the lead mine of Bldberg, analogous to that of Bleiberg, 
near Aix-hi-Cliapclle. 

At Cruttnich and 7'holcy, to the north of Sarrbriick, mines of manganese are 
worked, famous for the gofxi quality of their products. The deposit exploited at 
Cruttuich, seems to be inclosed in the sandstone of the Vosges, and to constitute a 
Vein in it analogous to the iron veins mentioned above. 

There has been also opened a manganese mine at LavcUinc near La Croix^aux* 
MineSy in a district of gneiss w ith porphyry. 

In the Vosqcs and the Black Forest there are several deposits of anthracite (stone- 
coal), of winch tw'O are actually worked, the one at Zunswir near Oifenbourg, in the 
territory of Baden, and the other at Uvoltz, near Cernay, in the ^lepartmciit of the 
tipper Rhine. There are also several deposits of the true coal formation on the 
flanks of the Vosges. 

Mikes situated ik the Sciiistosk Formations op the Banks op the Rhine, 

AND IN THE ArDENNES. 

The transition lands, which form, in the N.W. of Germany and in Flanders, an 
extensive range of hilly country, and culminate in the Hiiudsruck, the Taunus, the 
liifel, and the Westerw’ald mountains, include several famous mines of iron, zinc, lead, 
and copper. The latter lie on the riglit bank of the Rhino, in the territories of 
Nassau and Borg, at IMen, Augstbach, Rhciiibrcitbjich, and near Dillenburg. That 
of Rheinbreitbach yielded formerly 110,000 lbs. avoird. of copper per annum, and 
those of the environs of Dillenburg have more recently furnished annually 176,000 
lbs. Tliero are also some mines of nrgeutiferoiis lead in the same regions. The 
most remarkable are in the territory of Nassau, such as those of Holzappel, Pfingstwiese, 
Lowonburg, and Augstbach on the Wied, and Ehrenthal on the. banks of the Rhine, 
which altogether produce 600 tons of lead and 3,600 marcs of silver. To the aboveb 
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we msit add thoae of the environs of Siegen and Dillenbuig, situated in the slaty 
lock and greywacke of the Devonian system, to which the greater part of the area in 
question belongs. A little cobalt is explored in the neighbourhood of Siegen, and 
some mines of the same nature are mentioned in the grand-duchy of Hesso-Darmstadt, 
and in the duchy of Nassau Usingen. 

But iron is the most important product of the mines on the right bank of the !Rhine. 
Veins of hydrous oxide, or brown haematite, are explored in a great many points of 
Hessia, and of the territory of Nassau, Berg, March, Tecklenburg, and Siegen, along 
with veins or masses of sparry iron, and beds of red oxide of iron. Wc may note par- 
ticularly : 1. The enormous mass of sparry iron, known under the name of Stahlborg, 
mined since the beginning of the 14th century in the mountain of Martinshardt, near 
Musen ; and the numerous lodes of haematite, brown oxide and sparry iron, in the 
same district; 2. The abundant and beautiful mines of hydrous oxide and sparry 
iron on the banks of the Lahn and the Sayn, and among them the mine of Bendorf; 
8. The mine of Hohcnkirchcn in Hessia, where a powerful bank of manganosiferous 
ore is worked, and where the mines arc kept dry by a gallery more than one thousand 
^rds long, walled over its whole extent. Tlicse several mines supply a great many 
iron works, celebrated for their steed, and for the objects of hardware, scythes, &c., 
manufactured there. Nassfiu produces a considerable quantity of first-rate ore 
annually, most of which is exported. 

ThePrussiau pro'\nnces of the left, bank of the Rhine, the duchy of Luxembourg 
and the Low Countries, include also nian^* iron furnaces, of which a great number 
are supplied, in whole or in part, ly ores of hydrous oxide of iron, ocwisionally 
zinciferous, extracted from the transition rocks, where they form sometimes veins, 
and sometimes also very’ irregular deposits. A portion is explored by open quarrying, 
and a portion by underground workings. Great aictivity has within the last few 
years bwn imparted to these operations, by the rapid development of the Weslplinlijiu 
coal-field, and the increased mamibicture of coke-mado iron. 

The E{fcl formerly possessed imjxjrtant lead mines. .Some still exist, which are 
feebly worked at Berncastle, 8 leagues below Treves, on the banks of the Moselle. 
Those of Trarbach, situated two leagues lower, are now com])letely abandoned. The 
same holds with those of Bleialf, which were opened on veins incas(fil in tlie grev- 
wacke-slate, 3 leagues W.N.W. of Priim, not far from the line of separation of tlie 
waters of the Moselle and the Meuse, in a district from which manufactures and com- 
fort have disappeared since the mines were given up which sustained them. Tlio 
mine Wolilfahrt, near Relischeid, produces annually oOO tons of a fiiit; galena, suitable 
for ‘potter’s ore.’ 

More to the north a great many deposits of calamine occur. The most considerable, 
and the one which for many years past has given the (’ompaiiy working it the 
command of the zinc trade of the w'orM, is called the VkiUc Montagne (Altenbcrg), 
at Moresnet, between Aix-la-Chapelle and Herl»cstlial. The mass up^m "winch the 
works are opened, and in which the calamine is very irregularly inf.(Tmixe<l with 
clay and ochre, is about 450 yards in length and loO in width : it is situated at tlie 
junction of the carl)oniferous limestones and the slate termed llie tichhfe ahihraxifvrc, 
upon which geological horizon a numl)er of other deposits of a similar eliaracter Iiavo 
bwn found at intervals, with a thickness and richness equally variable. The miiKTals, 
brown iron ore, galena, zinc-blendc, and in)n pyrites occur with the calamine, and 
the former especially sometimes overpower.s it. Among sucli dej)Osits, many of tliem 
largely worked, are Herrenberg near Holberg, Kiigis, Huy, Venu’ers, Corphalie, 
Membach, and somp whicJi reapptiar, after dipping beneath the alluvial valley of the 
Bhine, in the same geological position, in Westphalia. 

Hie rii^r Company possess other sources of zinc ore in the Prussian 

and in the Baden territory ; and, employing about 7.000 men in all, prculiice no less 
than 16,000 tons of zinc from their own mines, besides manufacturing a large quantity 
pnrehaaed from other producers. The I^ouvellc Montagne Company, Verviers, also 
worit their deposits on a largo scale, and increasing success appears to attend the 
works established more recently on the right Imnk of the Khinc. 

Of the mines in this border district whici] produce lead, the most imj^ortint are 
those of the Stolbeig Westphalia Company, yielding annually 5;000 tons of lead, and 
those of the and the AUiance Company, also of Stolberg. 

A lead mine is <q)eDed at Vedrin, N. of Namur, on a vein of galena, nearly vertical, 
which courses from N. to S. in a limestone in nearly vertical strata. The vein is 
fr«n 4 to 15 ft. thidt, and is recognised through a length of lialf a league. The mine, 
wwked for two eentnries, presents very extensive excavations ; particularly a fine 
Adit Level. From its former annual pz^uction of 900 tons of lead it has now sunk 
to « Tsiy small amoiint* 
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Hikes of the Centsb of Faancs. 

The ancioDt formations, principally granitic, wLich constitute the basis of several 
departments of the centre and south of France, are hardly any richer in explorations 
than the districts mentioned at the end of the Black Forest. Many metalliferous 
veins have been observed in the mountiins of the Auvergne, Forez, Cevennes and 
Lozere, but very few of the workings have attained to any importance. Most of the 
mining trials liave been made ncwir the eastern border of the mass of primary 
formations, in a zone characterised by a great abundance of schistose rocks. 

At Villefort and Vialas, in the department of the Lozfere, and in some places 
adjoining, several veins of argentiferous galena are worked which traverse the gneiss 
and the gninite. These mines, remarkable at present for the regulai'ity of their work- 
ings, employ 300 persons, and produce annually about 1,000 quintals of lead, and about 
2,000 marcs of silver. 

Pontgihaud has Ijeen for some years the centre of mines of argentiferous lead, 
opened ujwn a group of north and south lode.s intersecting a rock of gneissose 
granitic character. Explorations have been commenced mostly where these lodes 
were discovered in the valleys, as at Roure, Rosier, Mioch, Pranal, and Bfirbecot ; 
and since 1853, by the joint exertions of an English and French proprietary, the 
mines liave been raised to an important position, employing about 1,200 workpeople. 
An unusual source of difficulty has been presented, in the form of strong emanations 
of carbonic acid gas from the lode and the fissures of the Country, and which renders 
it necessary to employ powerful ventilating machines, driven by water-wheels. The 
presence of this gas is evidently connected with the volcanic phenomena of the 
adjacent district, where streams of recent lava overlie the metalliferous granite, and 
are not penetrattHl by the lodes. The Pontgibaud mines. yield annually about 1,500 
tons of load, and 145,000 ozs. of silver. 

In the department of the Loire, the lead mines of St.^Marimda-Sauvete south of 
Roanne have been extensively opened on veins running N.W. and S.E. ; they aro 
now in English hands. 

The mounbdns of Ambort, on the west of the valley of the Dore, Salnt-Amand- 
Roche-Savino and Giroux, as well as tho mountains above Jumoaux, exhibit veins of 
somewhat analogous character. 

At Malbosc and Bordezac (Ardeche), small lodes of antimony are seen in tho 
slaty rocks. 

Tho city of Vienne, in Dauphiny, is built on a hill of gneiss, separated by the Rhone 
from tho main body of tho primitive formations, and in which veins of galena occur, 
which are now imperfectly miiuid. Other lead mines of less importance aro observed 
at St. Jidien-Molin-Molelte, department of the Loire, and at Joux. dep. of the Rhone. 

At Chessy, seven leagues N.W. of Lyons, mines, now worked out, were opened 
upon an irregular deposit of copper ore, occurring at the contact of granite with 
llie low'er sandy beds of the lias. The carbonates of copper wore especially abundant, 
and the azurite, or blue carbonate, from this mine is noted for tho beauty of its 
crystallisation. At Sainte-Bel, two leagues S. of Chessy, a very similar deposit of 
copper pyrites, has also, after many years of activity, been abandoned. 

An abundant de[K)sit of mangauese ore, very irregularly worked, at Romaui?che 
(Saone-et-Loire) oc'Ciirs in an analogous geol(»gieal position ; as do also smaller bodies 
of galena, calamine, and zinc-blende at Figoac, Villefranche, and Lardin. 

At Eooiichets, near Couclius, tho oxide of chrumiura disseminated in tho sandstones 
termed arkoses, has been occasionally worked. Some important veins of zinc-blende 
have been traced at Clairac, in tho department du Card, for above 1,000 yards from 
N. to S. in the bods of motamorphic lias. Iron ores of oolitic texture are largely 
worked in the Junissic and Noocomian rocks in various parts of France. 

IjJistly, tin cu’c, accompanied by 'wolfram, has been found to occur in small lodes in 
the district of Limoges, so well known for its china-clay, especially at Vaulry, a few 
leagues NN.E. of that town; and bismuth has recently been w'orked atMoymac, in the 
department of Corr^ze. 

Mines of Beittant. 

In its geological conformation BritUiny has a great analogy to its opposite neighbour, 
Cornwall ; but notwithstanding the resemblance of its granites, ancient schists 
(killas), and porphyries, it bears no comparison in the importance^ of its mineral 
repositories. Tin ore has boon found at two places, Piriac, a few miles to the N.E. 
of the mouth of the Loire, wliere small qmu'tzose veins, containing that mineral, occur 
at the junction of the granite and schists, and appear to have gi ven rise to the alluvial 
deposits of tin found near the mouth of tJie Vilaine ; and at Yillederi departmeDt of 
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Korbihaii, where a quarteoee tin-bearing rein intorsocts Mio granite, in the direction 
and W.S.W., and centaina also mispickel, topaz, and beryl. These localities 
hare afforded very fine specimens of tin ore, excellent examples of which appeared at 
the Paris Exposition in 1866; but although frequent trials have been made upon 
themi they have not yet led to an extonsire and systematic working. 

The most important exploitations in this district are the lead mines of PouUaoum 
and Hwigoatf situated near Carhaix. The mine of Iluolgoat, celebrated for the •plomh^ 
ffommt (hydro-aluminate of lead) discovered in it, is opened on a vein of galena, which 
traveiteB cla:y-8late rockfi. The workings have subsisted for about tliree centuries, 
and have attained to a depth of 270 meters. 

The lode has been followed over a horizontal distance of about 1,000 meters, and 
contains, besides aigentiferous galena, ochreous substances yielding about of 

silver in the native state, or as chloride. 

The vein of Poullaoucn, called the New Mine, was discovered in 1741. It was 
powerful and veiy rich near the surface ; but it became subdivided and impoverished 
with its depth, notwithstanding which tlie workings have been sunk to upwards ot 
260 meters below the surface. In tliese mines there are lino hydraulic machines for 
the drainage of the waters, with wheels from 14 to 15 yards in diameter; and water- 
pressure machines have been some years since eonstrnctod there. 

The vein courses through groywaickc in a direction N. 22° E., and, including five 
branches, has in some placeo reached the widtli of 60 feet. 

The annual produce of the.‘<e mines is 300 tons of lead and 1,400 kilograms of silver. 
Several veins of galena exist at Chdtelaudreu, near Saint-Brieuc, but they (ire not 
worked at present. There is also one at Pontpean, near Kciiues, which has been 
worked to a depth of 140 yards, but has in like manner been abandoned. It alforils, 
besides the galena, a very large quantity of blende (sulplniret of zinc), considerable 
amounts of which, cf a veiy crystalline character, have, during the bist few yejirs, 
been exported. This is also a N.S. lode. 

There occurs, moreover, a lead mine at Piorrcville, department of the Channel, 
opened on a vein which traverses limestone. The Siime department prescmls a d(»- 
posit of sulphuret of mercury at Meuildot. A mine of antimony was worked at 
La Eam^, department of La Vend^*e. 

At Melles (Deux SitTcs), ancient works on argentiferous galena are traceable, of 
which tlie date is unknown. 

It is, liowever, evident that these metals are only in part the proluotion of the 
mines of France proper. 

Mines of Great Britain and Irf.land. 

The mines comprehended in this section are situated, 1. in Coru wall, Devonshire, 
and Somersetshire ; 2. in the S.E. of Ireland; 3. in tlie island of Anglesey and the 
adjoining part of Wales ; 4. in Ciimherland, Westmoreland, the nortli of Luncasliire, 
Yorkshire and Derbyshire, Durham and Northumberhiud, and the Isle of Mau ; 6. iu 
the south and west of Scotland. 

It will be obsen^ed tliat the metalliferous rock.*:, analogous to those of the N.W. of 
France last described, present themselves in the West of England, Wales, and Scot- 
land, striking in a direction of E.N.E. or N.E. ; wliilst in Ireland, although the same 
general direction is usually apparent, similar rocks form the surface iu many poilions 

of the island. 

Cornwall and Devonshire present four principal mining district.s : viz, that of the 
West, including St. Just, St. Ives, Marazion, and St. Erth ; secondly, that of the West 
centre, including Gwennap, Redrutli, Camborne, St. i\gnes, and Wendron ; thirvlly, 
the centre of St. Austell and Lostwithiel ; fourthly, the easUrru di.striet, fiMui 
Liskeard to Tavistock. Again, in Devonshire, there are tlie mines between >ewton 
and Exeter, and those near Nortli Mellon. 

The first two of these districts are the most important of the four iu the number 
and richnees of their mines of copper and tin. The ores of copjK r, which consist almost 
entirely of copper pyrites and vitreous sulphuret of copper, constitute very regular 
veana, running nearly from east to west, and incased most frecjuently in a clay-slate 
locally termed kUku^ and belonging to the Devonian system of modern geologists ; but 
frequently also in the granite, which forms a series of protuberances rising through 
cla^«slat^ in an E.N.K direction from the Land’s End to Dartmoor. The tin, 
besides being fonnd in alluvial deposits or ‘stream-works,’ which are nearly all 
worked out, also occurs in veins or lodes which have a general east and west direction, 
the same held by nnmerons dykes of granitic porphyry (‘el van ’), which appear to 
have a dose relation to the metalliferous veins. The tin ore iu a few mines forms 
^0 irregular matiei (termed and earbonas) which appear most usually 

i toc h id to the veine by one of their points. Some of the veins present the copper 
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and tin ores together; a mixture which occurs often near the points of intersection 
of the two metiillic veins. Certain mines furnish alternately both copper and tin ; 
but the most part produce only one of these metals, especially Dolcoath and the sur- 
rounding mines. 

Among tho more important mines of the above metals in the western districts may 
bo noticed : Huel Basset, North and West Basset, South Francis, United Mines, Huel 
Bullor, Alfred Consols, Cam Brea, Levant, and Botallack ; for tin more especially, 
Huel Vor, Dolcoath, and Polberro. 

In the environs of St. Austell the more remarkable mines were those of Fowey Consols, 
which was onco the deepest-worked mine in Britain, Par Consols, Crinnis, the tin 
mine of Polgooth, abandoned, and tho singular open-cast of Carclaze, worked on 
numerous small strings of tin, coursing througli a granite so decomposed as to bo in 
great part available for china-clay. 

North of Liskoard, tho Pheenix and Caradon mines have attjiinod, since 1838, a 
great degree of prosperity; wliilst still further oast tho neighbourhood of Callington 
is marked by several [>rodu<‘tivo copper mines on a smaller scale, and the largo ancient 
tin mine of Drake Walls. Tho Tavistock district has been rendered famous by the 
long-continued successful working of Huel Friendship, and the enormous wealth ex- 
tracted since 1845 from the series of mines on one great lode, entitled tho Devon 
Great Consols. 

There exists also in Cornwall veins running more or less N. and S. ; these are lead lodes 
generally. The ‘ cross-courses,’ which intersect and often dislocate these lodes, some- 
times containing only clay (Jiucan) or quartz (^par)^ at other times particular metallic 
minerals. Thus, near Holston several such veins have been worked for silver-lead 
ore ; at Bostormol near Lostwithiel, and in tho St. Austell granittj, for red and brown 
oxides of iron : east of Liskeard, at Herodsfoot, Huel Mary Anne, Eedmoor, and tho 
Tamar mines, for lead ores containing from .30 to 80 ounces of silver to the ton. 

In some few instances, and chiefly in connection with these cross veins, ores of 
silver, cobalt, and nickel, have been raised; W’hi 1st very rich silv'er ores were ob- 
tained some years ago from E. and W. veins, at Huel Vincent, Huel Brothers, &c., 
near Callington. 

Antimony has been raised from mines near Endollion, and at Huel Boys; and 
manganoso is now worked from sliallow irregular deposits in tho slates at many points 
in the cjist of Cornwall, and in Devonshire. 

Tho tin and copper ores of Coruw'all are .accompamod with arsenical pyrites, which 
Is turned to sonic account by the production of W'hite arsenic (arsenious acid). 

The tin ores are trcatml at several works .situated in Cornwall. All the copper ores 
are sent to Swansea in Sout h AV'ales to be smelted ; and a part of the lead ores only 
is reduced at smelting- w<jrks near Truro, at Par, and on the Tamar. 

In consequence of the great influx of .subterranean waters, tho mines of Cornwall 
find Devonshire are w’orkiid upon principles somewhat differing from those of many 
other mining districts, expedition being regarded us one great source of economy. 
Especially in the api)licatioii of steam-poAver to pumping-purposes haA'o the inventive 
powers of the engineers, in modifying tho engines and boilers, and tho skill of tho 
minors, in placing tho pit-work and pumps, attained a high degree of perfection. 
For this purpose engines having a cylinder of 80, 90, and even 100 inches in diameter 
have been erected, employing high-pressure steam expansively. 

Many of the mines are explored to a depth of between 1.200 and 2,000 foot; and 
some are celebrated for the boldness of their Avorkings. Thus several mines, espe- 
cially Botallack and LeA’'ant, in tho parish of St. Just, near Cape CornAvall, haA’O their 
shafts placed close to tlie edge of tho clitfs, and extend several hundred fathoms 
under the sea, ami to depths of from 120 to 240 fathoms beneath its level. At Hnel 
Cock so small a tliickness of rock ha.s been left to support the weight of the waters 
that the rolling of pebbles on tho bottom is distinctly heard by minors during a storm. 
Tho mine of Huel Worry, near Penzance, aa'us Avorkod by means of a single shaft 
opened on a reef of roc*k in a space left dry by tho sea only for a few hours at every 
ebb. A small wooden tower was Iniilt over tho mouth of the shaft, which, being 
carefully caulked, kept out the waters of tlio ocoau when the tide rose, and served to 
support the machines for raising tho ore and Avater. A vessel driven by a storm over- 
turned it during the night, and put an end to tliis hazardous mode of mining, which, 
has not been resumed. 

An important group of A’cins of lead, often argentiferous, is opened in the slaty 
rocks of Cardiganshire and Montgomeryshire, all of which have an E. and W, direction, 
although BO far from parallel that they often meet, and frequently form at such 
points of intersection ‘courses' of ore. Tho galena is accompanied generally by 
quartz and bleudg, more rarely by iron pyrites and calcspar. Some of these mines 
were very profitably worked in the 17th century, and during the last forty yean 
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WTerdof them, as Goginan, Cwm Ystwyth, Logylas, and Frongoch, have been highly 
prodnctiTe. la 1878 these counties yielded 1(^061 tons of metallic lead and 04,826 
onneesof silTor. 

The Biore complicated geological formations of Carnnironshire and Merionothsliire 
present, diiedy among the slrfty rocks, a nuAiber of veins bearing copper, lead, and 
tine ones, in which a special point of interest is the occurrence of gold. This metal 
has been found within the last few years in rich specimens, mostly associated with 
quarts and blende; but it has not hitherto been remuneratively raised. The veins 
oocnr chiefly in two groups, the one to the NN.W. of the to^ ol Dolgelly, the other 
in the hills around the Bala Lake. Flintshire and Denbighshire produced in 1873 
8|718 tons of lead, yielding 23,676 ounces of silver. 

The adjacent isle of Anglesey is celebrated for the copjw mines of Mona, and the 
Faryg mountain. The ore is copper pyrites, intercalated among slaty rocks and 
felstone, and near the surfEice it occurred in enormous mass. The workings have 
thence been carried on as open casta ; but beneath tliese, again, regular subterranean 
operations have been conducted, although the veins there sliow themselves small, and 
comparatively poor. Large quantities of copper are here obtjiined by precipitation 
from the mine- water, and the various ores are treated iit furnaces situat e at Ami well. 
The Isle of Man has two important lead mines, the Foxdale and Laxoy ; th(f former 
remarkable for the great size of its main lode, and the occasional high percealitge of 
ailver; the latter for its crj'stalliue blende. Ten mines produced lead in 1873, throo 
copper, and four zinc ore. 

The slates of Cumberland and Westmoreland yield lead ores, and a small quantity 
of copper ore. At Borrowdale, near Keswick, a mine of graphite (plumbago) has been 
worked for a long period. It furnishes the black-lead of the English jxincils, so ci lo- 
brated over the world. The mineral occurs in irregular lumps and nests, in a variety 
of greenstone rock. Coniston copper mine in Lancashire is s}>ecially notable. The 
lead mines of Durham aud Northumberland are also very productive ; the total produce 
of those countries in 1873 being 16,864 tons of lead. The lead mines of Yorkshire 
produced in the same year 3,704 tons. 

There are famous lead mines in the south of Scotland, at Wanlock-head, in Dum- 
friesshire and Leadhills in Lanarkshire, the veins of which occur in Silurian rocks. 
At Gaily, in Kirkcudbrightshire, copper ore has be(*n discovered; and a mine of 
antimony hag been known in Dumfriesshire ; but neither has been turned to good 
account. 

In the middle part of Scotland the lead mines of Strontian in Argyb bhire deserve 
to be noticed. A lead mine in schist has been also worked by the Marquis of Brcadal- 
bane at Tyndrum. In the Isle of Islay lead is being workoii. 

The produce of the Scotch lead mines in 1873 was 2,160 tons of lead. 

In Ireland the Berehaven and the Knockmahon mines have, with great profits to 
the adventurers, for many years past produced large quantities of coi)pcr ore. In 1873 
7,003 tons of ore were sold. Copper ores are also worked at the Ballycummisk mine, 
Co. Cork, and at Connorreo and four otlier mines. 

Among the other mines of Ireland are those of Ballygahan and Tigrony, and of 
Ballymurtagh, situated 3 leagues S.W. of Wicklow. Their object is to work pyrites, 
accompanied with some poor ores of copper, galena, sulphide of antimony. Iron 
pyrites, since 1840, has been a large article of export, aniounting in some years to 
from 60,000 to 100,000 tons. In 1873 the ores of Wicklow amounted to 40,063 
tons only. 

The granite of Wicklow also contains some lead mines. Luganure and Glendalough 
were the only mines worked in 1873. 

In the south-west of Ireland indications of copper and lead ores have been met 
with at many other points, but no important mines have 3'et been opened u|X)n them. 

An Irish correspondent, writing on the iron ores which are now largely worked in 
the north of Ireland, states that at Carrlough immense quantities of iron ore aud 
limestone are shipped. The former, which is not of the best quality, is airriod to 
Seaham, there to meet the coal from the mines on Lord Londonderry’s estate. A 
railway is being constructed from Bed Bog to the top of Glenariff. This undertaking, 
which will cost 60,000/. to 60,000/., is entirely in the hands of an English company, 
and will be used only for the transit of iron ore. Close to Bed Bog is a wire tramway, 
the property of the Antrim Iron Ore Company. It has four stationary engines along 
its route to work it, and extends a distance of 6 miles. At Bed Bog three distinct 
companies are employed shipping iron ore, which is of a very superior quality, and 
oonUins over 60 per cent, of pure iron. The bleak moorland at Glonravel is now 
varied by the numerous mouths of tunnels driven into hills, which appear as if they 
were emposed of iron ore in inexhaustible abundance. A great part of the iron 
lii^aBtiaiis belong to Lord Antnm. The compames pay large sums annually for their 
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leases, besides royalties of 6rf. a ton on all ore shipped. The miners’ nrages are Iqr 
no means high; at Hed Bog the English company gives 14s. and the Antrim Iron 
Ore Company, 16s. per week. In 1873 these iron mines produced 138,765 tons of iron 
ores. 

Mines of the Pybenees. 

The Pyrenees and the mountains of Biscay, of the Asturias, and the north of 
Gnlicia, which are their prolongation, are not very rich in deposits of ores. Tho 
most important mines that occur there are of iron, which are widely spread through- 
out tho whole chain, except in its western extremity. We may mention particularly 
in Biscay the mine of Sommorostro^ opened on a bed of red oxide of iron; and in the 
province of Guipuscoa, tho mines of Mondragon, Oyarziin, and Berha, situated on 
deposits of sparry iron. There are several analogous mines in Aragon and Catalonia. 
In tho French part of the Pyrenees veins of sparry iron are worked, which traverse 
the red sandstone of tlio mountain Ustelleguy, near Baygorry, department of the 
Biissos-Pyroneos. The same department affords in the valley of Asson the mine of 
Ilaugaron, which consists of a bed of hydrate of iroti, subordinate to transition lime- 
stoiHJ. The deposit of hj^drato of iron, worked for an immemorial time at Rancii\ 
in tlie valley at Vicdcssos, department of the Arriege, and averaging 60 feet in thick- 
ness, occurs in a limcsUjue now regarded as of the ago of the lias. The ancient 
workings liave been very irregular and very extensive ; but tho deposit is still far 
from lieing exhausted. Tlif're are also considerable mines of sparry iron at LapinousCt 
a1 tile tower of Bat era, ,*it Escaron, and at Fillols, at the foot of the Canigou^ in the 
liejnirtmcnt of the Oriental Pyrenees. The iron mines of the Pyrenees keep in activity 
:2I)0 Catalonian forges. Although there exists in these mountains, especially in tho 
part formed of transition rocks, a very great number of veins of lead, copper, cobalt, 
antinion}’, &c., one can hardly mention any workings of these metals; and among 
the aliandoned mines, the only ones which merit notice are, tho mine of argentiferous 
copj>cr of Baggorrg, in tho department of tho Low .l^yriJiieos, tho lead and copper 
miiiiis of Aulu.s, in tho valley of the Erco, department of tlui Arriege, and tho mine of 
cobalt, of tho valley of Oist ain, situated in Aragon, on the southern slope of the Pyre- 
nci'S. ^I'ho mines of plumbago opemsd at Sahun in Aragon should not be forgotten. 
Analogous deposits are known to exist in the department of the Arriege, but they are 
iif>f mined. 

Prei'ious to tho discovery of America, considerable workings were carried on in 
nurii’erous sands at various points in this department. A gold mine has also been 
wrouglit, but without success, near Cabo de Creua, on tho Spanish side. 

Mines of Spain and Portugal. 

The granite, gneiss, and slaty formations of tho Iberian Peninsula, noted in early 
times for their mineral wealth, have during the last 40 years again become tho scene 
of important milling operations. The region of the 8iorra-Morena, comprising parts 
of tho provinces of Andalu.sia, Estremadura, and La Mancha, forms one of those 
]iriinary districts which offer close analogies with some of the mining localities already 
described ; and exhibits numerous mines now in activity, and the traces of former 
extimsi ve opera! ions. 

Tho noted quicksilver mines of Almadeii, producing about 2,000 tons per annum, 
:ire worked on three parallel veins of from 6 to 12 meters in width, lying coiifonii- 
ably with liighly-iuclirn^d Silurian strata. 

The silver mines of Guadalcanal and Cazalla, north of Seville, in mica slate, were 
very ricdi in the time of iho Counts Fugger, but are now inconsiderable; this territory 
presented formerly impori*ant mines at Villa- Giittier, not far from Seville. At tlio 
beginning of the 17th century they are said to Iiave been worked with sucli activity 
that they furnished daily 170 marcs of silver. 

Ill tho limestones near Santander were very important mines of calamine, but 
these have not been W’orked recently (1874). 

More to the east t here exists in the raoimbiins of La Mancha a mine of antimony 
at Santa-Crux-de-Mudela. On the southern slope of tho Sierra-Morena very impor- 
tiMt lead miiK's oc^eur, pai-ticularly at Linares, 12 leagues N. of Jaen. The veins are 
very rich near the surface, whence the ground i.s riddled, as it were, with shafts. 
More than 6,000 old and new pits may be counted ; the greater part of which is 
ascribed to the Moors. 

Systematic workings liave been for somo years carried on by English companies at 
some of these mines, with excellent results; and, with the aid of steam-engines, a 
depth at 80 or 00 fathoms has now been attained. 

The lodes, which have a medium width of 3 or 4 feet, course generally NN.K» 

VoL. m. T 
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dipping towiidB the N.W., and traverse a granite, which on tlio outskirts of the 
district it overlaid hy claj-slates and sandstone, also ponetratoJ I'y the veins. Tlie 
galena is aooompanied by baiytes in largo quantity, and, in greater depth, by cnle- 
spar. A single mine, that of Pozo Ancho, rjiises 500 tons of ItNid ore }ier month. 

At Rio Tinto, near Seville, a massive deposit of iron pyrites, in widfli, has 

been worked, chiefly for the copper pyrites which is mingled wftii it. Th(' cnprili nMis 
iron pyrites, which occurs in large deposits in the south-west of Spain and in J^ortngal, 
is now very largely worked ; the pyrites being first burnt for its sulphur, and t lien 
treated by the w^ way for extraction of copper. See rYJ.TTF.s. 

Abundwt mines of zinc ores occur near Alcaraz, In hsigues N.bl of Linares ; which 
supply materials to a brass manufactory establislied in that toM n. Tlieri' are also 
lead mines in the provinces of Murcia and Grenada. A'ery protluctive or»!S havt) Ijoen 
worked for some time in the Sierra de Gador near Almeria, a harbour situated some 
leagues to the W. of the Capo de Gaia, and also near Cartagena. A fine silver lode 
has been worked to a depth of 1 1 0 fathoms, at Almagrera. 

In Murcia, Grenada, and Cordova, there are also several iron mines, and near Mar- 
bella and Bonda, in Grenada, mines of plumbago are explored. 

Among the most remarkable mines of Spain are those of silver at Hiendelencina, 
in the district of Guadalaxara, discovered only a few years since, and worked on 
regular lodes in gneiss, and stated to have yieldo<l enormous profits. 

Lastly, near Ferrol in Galicia, and Zamora in Leon, tin ores occur in granite, and 
at the latter place are worked in .several mines, not far distant from others, wln’cli 
produce argentiferous lead and antimony ores. The Carthagiiiians appear to have 
w'orked tiu mines in this part of the Peninsula. 

Within the Portuguese frontier very similar tin ores occur near the river Dourn : 
and other localities in that kingdom are indicated as exhibiting ores of co['per. anti- 
mony, and lead. Among the latter, the Paihal, and Carvalhal mines are working by 
an English (the ‘Lusitanian ') mining eom})any. 

Ores of iron occur at very numerous }»lac'.-.s in the Peninsula, but have bitlnyto 
been worked on a comparatively small scale. Those of »Soniniv»rostro near Lilljao, /ind 
of Marbella, are among the best known. The impulse given to iron-mining in Spain 
a few years ago has been checked by the presdit disturbed stale of the country ( ] S74 ). 

Two ancient iron-works exist in X\)rtugiiese Estremadura. the one in the district of 
Thomar, and the other in that of Figiu iro dos A’inho.ss : tliey art. suj'pli( di by minr> 
of red oxide of iron, situated on the frontiers of this province and of Leira. One 
deposit of quicksilver ore occurs at. Couna, in Portugal. 

Mines of the North of EuBori:. 

These mines are situated for the mo.st part in the south of Norway, towards the 
middle of Sweden, and in the south of Finland, a litthr way from tin* sliorlist lino 
drawn from the Lake Onega to the south -we.<t angle i;l Noi-way. A ivw mines occur 
in the northern districta of Norway and Sweden. The main ju'odui ts of these si vtral 
mines are iron, copper, and silver. 

The iron mines of Norway lie on the eoasts of tlie Gulf of (diri.stiania, and on 
the side facing Jutland, principjally at Arcmlai, at K rage roc. and iljc luaglihourhootl 
The ores consist almost solely of black oxide of iron, which forms bods or veins of 
from^ 4 to 60 feet thick, incased in g-neiss, which is acconipaiiieil with pyroxene 
(augite), epidote, garnets, &c. These irun ores are roducnl in a gn*cat ni.aiiy 
smelting-lurnaces situated on tlio same coast, and pjarticularly In the count v of 
Laurwig. Their annual product is about 16,600,000 lbs. avoird.’of iron, in tla- form 
of cast iron, bar iron, sheet iron, nails, &c. ; of which one-half is t xjioiiAnl. 

Norway possesses rich copper mines, some of which lie tou’ards the south and the 
centre of the countiy; but the most considerable occur in the norili, at Quihk'm\ 
Selboe, and Roeraas, near JJrontheim. The mine of Rotr.ias, 16 njihs iVom 
Lrootbeim, to the S.E. of the city, is opened on a very considei-.jl le mu.v.s f>t cupper 
pyrites, and has been worked as an opjon-cast since HKM. Jl ha.s poured ijilo the 
market, from that time till 1701, 77,000,000 lbs. avoird. of copj.er. in Jsoo its 
annual production was 864,600 lbs. Not far from the North ( u j»e, coj.per mines liavc 
been for some years pist actively worked by an English (liie Alteii) mining company, 
on irregular veins at iCaafiord and Rtiipus. 

Norway comprehends also some celebrated silver mines. They arc situated from 
16 to 20 leag^ S.W. of Christiania, in a mountainous country mar the city of 
Kongsberg, which owes to them its population. Their discovery goes back to the 
^ objects are veins of carbonate of lime, accompanied with asbestos 
Wflotiiw subitamiM in whiefa native silver -occurs, usually in small ihrends or uet- 
wid ionetiBMt ia considerable masses, along with sulphurei of silver. These 
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reins are very numerous, and run through a considerable space, divided into four dis- 
tricts (arrondissements), each of which contains more than 15 distinct explorations. 
When a new mine is opened, it is generally as an open-cast, which embraces several 
veins, and they then prosecute by subterranean workings only those that appear to be 
of consequence. The workings are about 200 fathoms deep. Fire is employed for 
nttjicking the ore. In 1782 the formation of a now aait-level was commenced, 
destined to liavo a length of 10,000 yards, and to cost 60,0001, These mines, since 
their discovery till 1792, have afforded a quantity of silver equivalent to above 
1,000,000/. sterling. The year 1768 was the most productive, having yielded 38,000 
marcs of silver, "fwice during the present century they have been tlireatened with 
abandonment, but have again become profitable, yielding from 1,300 to 1,400 kilo- 
grams of silver per annum. 

Cobalt mines may bo noticed at Moduin or Fossum, 8 leagues W. of Christiania ; 
they are extensive, but of little dopih. 

liastly, graphite is explored at Englidal ; and chromate of iron deposits have been 
noticed in some parts of Norway. 

The irons of 8wodori enjoy a merited reputation, and form one of the chief objects 
of the commerce of that kingdom. Few countries, indeed, combine so many valuable 
advantages for this species of manufacturo. Inexhaustible deposits of iron ore are 
)dacod amid immense forests of birches and resinous tr(ies, whoso charcoal is pro- 
1-ably the best for the roiliictiou of iron. The different groups of iron mines and forges 
form small districts of wtialth and animation in the midst of these desolate regions. 

Idle province of Wermeland, including the north bank of the lake Wener, is one of 
the richest of Sweden in iron mines. The two most important are those of Nord- 
nmrek, 3 leagues north of Filipstmit, and those of Porsoberg, 2^ leagues east from 
the same city. Filipstadt is about 50 leagues W. :j- N.W. from Sto^holm. Both 
mim's arc opened on veins or beds of magnetic oxide of iron several yards thick, 
dirt-eted from N. to S. in a ground composed of hornblende, talcose and granite rocks. 
Tlnsse masses are nearly vertical, and arc explored in the open air to a depth of 130 
yards. 

The principal iron mines of Kosslagcn (part of the province of Upland), are those 
of Dannemura, situated 1 1 leagues fr<jni Upsal. They stand in the first rank of those 
(jf SwediJii, and even of Juiroju^. The nmsses W'orked upon are somewhat lenticular, 
and vertii-al, running from N.E. to S.W., and an* incased in a ground formed of 
primary rocks, among wdiieh gneiss, petrosilex and granite are most conspicuous. 
Tiu-y amount, to three in number, very distinct, and parallel to each other ; and are 
explore ! llirough a length of more than' 1,500 yards, and to a depth of above 80, by 
I lie employineiit of tire, ami blasting with gunpowder. The explorations are mere 
<[u;irriiis, each presenting an open chasm 65 yards wide, by a much more considerabhi 
hngth and an apialling de|'th. IVIagnetie iron ore is extracted thence, which fur- 
nishes the best iron of Sweden and Europe ; an iron admirably qualified for conversion 
into steel. 

Of the works w’hicli prepare bar iron from tiie Uannemora ores, may bo mentioned 
in the first class Lufsta, Usterby, Sinid, and Ibiiias. 

I’he i.sland of Utof, situated near the coast of the province of Upland, presents also 
rich iron mines. The magnetic oi’e there forms a thick bed in the gneiss. It is 
u (ukfd in trenches far below the level of the sea. The ore cannot be smelkod in the 
i>l ind itself; hut is traii.sj>orted in great quantities to tliu continent. 

'i'iu! province of Snioland includes also very remarkable mines. Near Jonkdping, 
!i hill called the Tahcry occurs, formed in a great measure of magnetic oxide of iron, 
coiitiined in a greenstone in the midst of the gneiss. 

In several parts of Lapland, the magnetic oxide of iron occurs in great beds or 
immense masses. At Geilivara, 200 league.s N. of Stoc'kholm, towards the 67th do- 
;srr<' of latitude, it constitutes a emmiderable mountain, into which an exploitation has 
InTii opened. The iron is despalclied on small sleilges drawn by rein-deer to streams 
wliich fall into the Lulea ; and thence by Water-carriage to the port of Luloa, wher« 
it is embarked for .Sbxtkholm. 

'lliere are a great many iron works in Dalocarlia, but a portion of the ores are got 
from alluvial deposits, isimilar ileposit.s exist also in the iirovinccs of Wermeland and 
Sinolaud. 

The annual production of the iron mines and furnaces of Sweden and Norway has 
inert«ised but little of late years, the chief attention being devoted to the quality, and 
Hot to the quantity. At present it amounts to above 150,000 tons of pig iron, of 
wliich probably two-thirds are exported as bar iron, steel, &c. ^ ^ 

The copper mines of Sweden aro scarcely loss celebrated than its iron minoB* Ths 
principal is that of Falun or Kopparberg, situated in Ualecarlia, near the town of 
Falun, 40 leagues N.W. of Stockholm. It is excavated in an ixregolar and very 
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vowtaM mane of pyrites, which in a great many points is almost entirely iron pyrites, 
but in otheafB, paitacnlarly near the crrcumference, inchiclcs a greater or less portion of 
oc^per. This iwajm is enveloped in talcoso or hornblende rocks. More to tho west, 
thsits am three other masses almost contiguous to each otiier, "whieli seem to bend in an 
arc of a circle around the principal mass. They are ('xplorod as well as the last. TJiis 
was at first worked in the open air ; but imprudent ojierations Iiaving caused the walls 
to crumble and fall in, since 1647 the excavation presents near the .surface nothing but 
frightful precipices. The workings are now prosecuted by shafts and galleries into tin; 
lower part of the deposit, and have arrived at a depth of HM fannars (nearly 430 yards). 
They display excavations spacious enough to admit llie emj'loyineTit ot horses, and 
the estabushmeub of forges for repairing the minors’ tools. It is asserted that tbt' 
exploration of this mine goes back to a period anterior to the Christian era. During 
its greatest prosperity, it is said to have produced 11 millions of pounds avoird. of cop- 
per per annum, or about 6,000 tons. It furnishes now about the .si‘vc])t]i part of that 
quantity; yielding at the same time al)out 70.000 lbs, of lead, witli 60 marcs of silviir, 
and 3 or 4 of gold. The ores smelt.ed at Faluu produce from 2 to 2 A of copper per 
cent. But the extraction of the meUil is not the solo process ; sulplnir i.s jilso savt d ; 
and with it, or tlie pjTitos itself, sulplnirie acid and other cluaiiical ju’oducts .'ire 
made. Round Falun, within the space of a league, 70 furnaces or factories of dif- 
ferent kinds may be seen. The black copper olaaiued at h’aliin is converted iutoroso 
copper, in the refining hearths of the small town of Ofwosiad. 

In the copper mine of Garjionherif^ situated 18 leagues from I'ahm. there occur 14 
masses of ore quite vertical, and parallel to eacli other, and to the IxhLs of mica-blatc 
or talc-slat43. amid which they stand. This mine has Ijern worked lor m<»re tlian six 
hundred years. 

The mine of Ni^ahopparlwrg, in Ncricia, 20 leagues "NV. of Stockholm, pn'sents masses 
of ores parallel to each other, tlie form and arrangement of which are \ ery singular. 
It is worked by open quarrying, and with the aid of fire. 

"We may notice also the copper mines of Atvidaberg. in Ostrogoihia, wliicli fiirni^ii 
annually about a sixth part of the whole copper of Sweden. 

There are several other cojipcr mines in Sweden, Their whole nunjber is ten : but 
it was formerly more considerable. I’hey yield at the })reseiit day in all. about 2,00o 
tons of metallic copper. 

The number of the silver mines of Sweden ba.s in like manner dinii?ii.'-he-l. In 1 767. 
only 3 were reckoned under exploration, viz. that of Jhihfo.'w in the }iruvinc«' of 'Weniie- 
land; that of Scc/cv.^fort'', in Nerieia ; and that of .SV//u or Sahlhrrg. in Westniannia, 
about 23 leagues K.W. of Stockholm. The. last is the only one of any imporianiv-. 
It is very ancient, and passes for having been formerly very ])roduetive ; though at ]-r- - 
sent it yields only from 4 to 6,000 marcs of silver per annnr/t. Leavi very rich in .^ilv* r 
is its principal product. It is explored to a deptli of more tljan LM)() yards. 
soundness of the rock has allowed of vast excavations being Twade in ii. aiul of even the 
galleries having great dimensions; so th.it in the iut^-rior of tlie workiiigb there ;ire 
winding machines, and carriages drawn liy horses tor the tran.^^port of the ores. 

At Sala, there are deposits of sulphuret of antimony. 

For the laat 30 or 40 3T*ars, mines cf cobalt have been o}>ened in Sweden, principally 
at Tunabeig and Los, near N^^koping, and at Otward in Ostrogothia. 'Jiie first are 
worked upon veins of little power, which become thicker and thinner siicce.s^ivrlv ; 
whence they have been called head-veins. It appears that the products of these mines, 
though of good quality, are inconsiderable in quantity. 

Lastly, there is a gold mine in Sweden ; it is situated at Adelfors, in iln^ pari.^h of 
Alsfeda, and province of Smoland. It ha.^; l*een under exploration since j 7;>7, i»n veins 
of auriferous iron pyrites, which traver.se schistose rocks; presenting laii a lew inches 
of ore. It formerl}" yielded from 30 to 40 marcs of gold per annum, but for il:e la.si 
few years it has furnished only from 3 to 4. 

The south of Finland and the bordering parts of Russia contain some miue.s. but 
they are far from having any such importance as tho.se of Sweden. 

At OrQerwy near Helsingfors, a mine of coj.per occurs whose gaiigue is carbonate 
of lime, employed as a limestone. 

Near Oeraopol, a town situated at tho N.W. extremity of the Ladoga Lake, vein.s 
of coi^r pyrites were formerly rained. 

Under the i^ignof Peter the Groat, an auriferous vein xvas discovered in the granitic 
mountains which border the eastern bank of the Lake Ladoga, near (f loueU. It w’us 
nch only near the surface ; and its working was soon abandoned. 

Latterly, an attempt has been made to mine copper and iron ores nwir Eno above 
and to the H.W. of Cerdopol, but with little success. 

rich ores of iron, lying in veins, were worked near the Lake Shuyna, 
Axnn Cerdopol ; but thie mine hae i^ao been yelinquiahed. 
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The transition limestone which constitutes the body of Esthonia contains lead ore at 
Arossaar near Fellin. These ores were worked when these provinces belonged to the 
Swedes. It was attempted in 1806 to resume the exploitation, but without success. 

Mines of the Ueal Mountains, 

This chain of mountains, which begins on the coasts of the icy sea, and terminates 
in the 50th degree of latitude amidst the steppes of the Kirghiz^ after having formed, 
through an (;>'tent of more than 40 leagues, the natural limit between Europe and 
Asm, contains very rich and very remarkable deposits of metallic ores, which have 
givf-n rise to important mines of iron, copper, and gold. These explorations are 
situated on the two slopes, but chiefly on the one that >()oks to Asia, from the environs 
of hAaterinbourg to about 120 or 1.30 leagues north of that city. They constitute the 
department of the mines of Ekaterinbourg, one of tho three belonging to Siberia. 

The copper mines are pretty numerous, and lie almost wholly on the oriental slope 
of llio chain. They are opened upon A'oins of a very peculiar nature, and which, 
although very powerful at tho siirhico, do not extend to any considerable depth. These 
vein.^ are in gein'ral filhid witli argillaceous matters, penetrated with red oxide of copper, 
and mingled with gnum and hi uo carbonates of copper, sulphuret of copper, and native 
cnipor. 'Fhe most inipoi't;int workings are those of Tourinsk and Nijni-Taguil. 

'J’lie first are situat ed 120 leagues north of Ekaterinbourg, towanls the OOth degree 
of X. latitude, at the easttaui base of the Uralian mountains, near tho banks of the 
roftria. 'I’licy amoiint to throe, oponod in the same vein, which turns round an angle 
}irescntod l>y tlm chain in this place. Tho rock consists of a porphyry Avitli a horn- 
^tone basis, of clay-slate, and of a white or greyish limestone, wdiich form the roof and 
ti<K>r of the vein. The oro yield.s from 18 to 20 per cent., and these mines produced 
annually in 1780. 10,000 metric ({uiiitals (2,200,000 lbs. avoird.) of copper. 

The mine of Nijni-Taguil is remarkable for tho fine masses of malachite which it 
lias produced. 

.Vt llogosiowsk copper ores have also been largely worked from a contact-deposit 
between greenstone and limestone. 

The beds of iron oro occur general ly at a certain distance from the axis of tho 
central chain. Tlioso of tho western slopo lie sometimes in a grey compact limestone, 
which contains cnerinites an<l other fossihs, and appears to bo much more modern 
than the rot^ks of iho centr<il chain, lloth tho ono and the other seem to form largo 
veins, which exlenil litlh> in depth, or ruthor fill irregular and shallow cavities. Tho 
most common on; is tho hydrous oxido of iron, lueniatito, or compact iron ore, some- 
times mixed or aevompanied wit.li oxide of manganeso, and occasionally with ores of 
zinc, cop[tcr. and lead, IJlack *»xido of iron, possessing magnetic polarity, likewise 
tVcipuntly liceurs, |)art iiuilarly in the mines of the- eastern slope, on which, in fact, 
I'Utiro iiiouniains of loadstone, repose. All those ores, mixed with a greater or le.ss 
ijuantity of chiy diflen'iitly coloured, aro worked l)y open quarries, and most usually 
without using ‘gunpowth r. Tiiey yiedd rarely Kss than 50 or 60 per cent., and keep 
in action numerous Mnelt.ing*houM;s sitmited on twv) flanks of the chain ; tho oldest of 
thi-m have been e.-tablisbed .si!ie»’ 162S, l ul tho gri-ater number date only from tho 
middle of the 18th eenturv. 'I’he most celebrated mines aro those of Uiagodat and 
Kinkcmar, situated on the eastern .slope fiaun 30 to 50 leagues north of Ekaterinbourg. 
In the foundries of the eastern slope, anchors, guns, shot and shell, &c. are manu- 
f.ielured ; and in the whole a coii'.idi rahle quantity of bar iron. The prcKliicts of tho 
works on the wt;.‘ter:i >ide are directly embarked on the dilfeivnt fmlers of 'the Volga, 
from which they are at no gr»-at distance. Tlm.so of the eastern slope are. transported 
during winter on sledges to the same feeder Streams, after crossing tho least elevated 
passes of the Vrals. 

'rhe quantity <4* materials nuitiufacluivd bv the iron works of both slopes, amounted 
annually, as far back a.-s the year 1 71)0, to 'more than J 1,000,000 lbs. avoird. This 
country is peculiarly favoured by nature- fljr thi.s spuvies of industry; for vast de- 
posits of excellent iron ort-s «»ceur surrounded by immense forests of firs, pines, 
and birches ; wouls, \vho^e ehaivoal is « xcelleutly adapted to tho manufacture of iron. 

'I'lio copper mines of the I ralian mountains and the greater part of tho iron mines 
and foundries, form a jHirtion of the properties oi’ some individuals, who may be in- 
sUineod as among the richest in Europe. Tlio Kussian Government has neglected no 
opportunity of promoting these eiit-erprises. It has esUiblished at Tourinsk a consi- 
derable colony, and at Irbitz a fair, which has become celebrated. 

There is only one gold mine in the Ural mountains, that of situated three 

leagues X.E. of Ekaterinbourg, at tho foot of the Urals, on the Asiatic side. It is 
famous lor tho chromate of lead, or red loud ore, discovered there in 1776, and worked 
in the following years, as ulso for some rare varieties of minerals. The or© of Berexof 
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If a eayemoos bTdrate of iron, presenting here and there some small striated cub^ 
of hepatic iron, and occasionally some pyrit-es. It contains five parts of gold in 
100,000. This deposit appears to have a great analog}^ with the deposits of iron ore 
of same re^on. It constitutes a large vein, running from N. to S., encased in a 
formation of gneiss, hornblende schists, and sorpentim*-. It becomes poor in pro- 
portion to its distance from the surface. The exploitation, which is in the open air, 
has attained but a small depth, although carried on since the year 1726. The gold is 
extracted from the ore by stJimping and washing. In 1 786, 500 marcs wore collected ; 
but the preceding years had furnished only 200, because they then worked furtluT 
from the surface. German miners were called in to direct the operations. Since that 
period, however, great attention has been bestowed on the education of the mining 
engineer ofiScers, who now form a corps pre-eminent in attainments. 

The auriferous sands, or ‘streair/ deposits of the Ural were discovered in 1814, 
and since 1823 have become very imporUmt. They extend over a district of some 
hundreds of miles in length, although with interruptions ; the continuous portions of 
gold-bearing detritus, being generally from 50 to GOO yards in length and 10 to GO in 
breadth. In some few places platinum lias been similarly found. The fom in which 
these precious metals occur, is generally in minute scales or grains, more rarely as 
lumps or pepites, which have, in the case of gold, attained in one instance the weight 
of IGO lbs., in that of platinum 23 lbs. 

The Bussian miners have observed that these deposits raredy overlie the granite or 
syenite ; but generally the slaty rocks of the chain, near the outburst, of serpentine or 
hornblendic rocks. 

The beautitul plates of mica, well known in mineral cabinets, and even in com- 
merce, under the name of Mifmypi/ laic, or Bussian mica, come from the Urals. 
There are explorations for them near the lake Tschebarkoul, on the eastern flank of 
this chain. From the same ciinton there is exported a very white clay, apparently a 
kaolin. 

Twenty-five leagues north of Ekaterinhourg. mar the town of Moiirzinsk, tlnTe 
occur in a graphic granite, numerous viins, containing amethysts, seyeral yarieties 
of l>eryl, emeralds, topiizcs, &c. 

It is difiBcult to obtain any reliabh? return of the product ion of minerals in linssia. 
The following Table of the production of the Bussian mines during i lie years 1S30, 
1831 , 1832 , 1833 , and 1834, by M. Teploff, om* of their officers, exhibits very fairly 
the annual average production of the Biessian mines even at the present time. 


Substances 

1S30 

is;n 

3S.'{2 

1 ix'.CA 

; 1S:!4 


kil. 

kil. 

kil. 

k:l. 

kil. 

Gold . 

6,260 

6.5S2 

6,9 J 6 

,6.706 

OM'Jfy 

Platinum . 

1,742 

U7G7 

1.907 

1,919 

l.(i05 

Auriferous silver 

20,974 

21.563 

21.454 

20.552 

20,666 

Copper 

8,860,096 

3,904,533 

3.620.201 

( •! 

o,.lS7.2'»2 


Lead. . . 

698,478 

792,935 

688.351 

716.500 

i- j 

Cast iron . 

182,721,274 ! 

180,043,730 j 

162.480,224 

( 3 ) 

; 159,118.372 

1 

^ ? i 

•Salt . 

342,240,893 

282,821.358 ' 

372,776.283 i 

491,862,209 

i y 

j Goiil . 

7,863,642 

9.774.998 ; 

6,596.034 ! 

8.227,528 

? 

Naphtha . 

4,253,000 

4,253,000 i 

4,253,000 1 

4,253,000 

1 t 


Mines of thi: Altai AlurxTAi.xs. 

At the western extremity of the chain of the Altai inount;iin.s, which sejtar.ite 
Siberia from Chinese Tartary, there exists a number of m» talliferous veins, in which 
several important workings have been established since the year 1742. They coii- 
stituU the locality of the mines of Kolywan ; the richest in the precious mehils of 
tha three districts of this kind exi.sting in Siberia. 

These mines areopened up in the schistose formatioDs which surround to llio N. and 
W. and to the S.'W, the western declivity of the high granitic chain, from which 
th^ are separated hy formations consisting of other priimiry rocks. These schists 
•tenate in some points with qnartxose rocks, called by M. Benovantz hornstom , 
^ Hmestone. They are covered by a limestone, containing ammemites. I ho 
tons a semicircle, of which the first lofty mouutuins occupy the 
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The most important exploration of this country is the silver mine of Zmeof, or 
Zm6inogorsk, in German ISchlangcnherg, situated to the N.W. of the high mountains 
in 51® 9' 25" N. L. and 79® 49' 50" long, east of Paris, It is opened on a great vein, 
wliich contains argentiferous native gold, auriferous native silver, sulphuret of silver, 
liornsiivcT, grey copper, sulphuret of copper, green and blue carbonated copper, red 
oxide of copper, copper p 3 npites, sulphuret of lead, and great masses of arsenic 
slightly argentiferous. There occur likewise sulphuret of zinc, or blende, iron pyrites, 
and sometimes arsenical pyrites. The gangues (vein-stones) of these different ores are 
sulpliato of baryta, carbonate of lime, quartz, but rarely fluor-spar. The principal 
vein, which is (if great power, has been traced through a length of several hundred 
fathoms, and to a depth of no less than 06 fathoms. In its upper portion, it has an 
inclination of about 50 degrees ; but lower down it becomes nearly vertical. Its roof 
is alwnys formed of clay-slate. On the foot-wall of the vein the slate alternates with 
hornstone. Tliis vein pushcM out branches in several directions ; it is intersected by 
l^arrcn veins, and presents successive stages of different richness. The first years 
W('rc. the most productive. 

The most important of the other silver min(‘S of this department arc those of 
Tidierepanofsk, ;i leagues S.E. of Zmeof ; tliose of Semenofsk, 10 leagues S.E. ; 
tliose of Xieol.’uefsk, 20 leagues to the S8.W. ; and of Philipofsk, 90 leagues 
S.E. of the .same plat*e. Tlie last mine lies on the extreme frontier of Chinese 
Tart^iry. 

TIh' mine of Zyrianofsk is opened amid talco-chloristic schists ; and from workings 
nhout 180 yards in length yields about 800 tons of lead, 500 tons of copper, and 700 
kilograms of silver per annum. 

About 116,000 lbs. weight of silver, at the most, are furnished by the whole of the 
Alt.ni mines. 

Since the year 1830 tho gold workings of Siberia have attained a high degree of 
value; and, .mI though the averjige proportion of gold is hut 1 to 250,000 parts of 
refuse, a total quantity of 75,000 Russian lbs. (ff gold is given as the produce of the 
SilxTiMTi works in the best years. Those on tho Yenisei and tho Lena are tho most 
pr'Klu(’tiv(‘. 

Tho itrecious metals arc not tho solo product of this mineral distric't. There is 
an important copper mine 15 leagues W. of Zmeof, in a chain of hills formed of 
granitic rocks, schists, porphyries, and shell-limestono, graduating into the plain. 
The vein presents (.‘opper pyrites, sulphide of ('opper, and native copper, dissemi- 
iiati'd iu .argillaceous substances, more or less ferrngiuous, and of different degrees 
of hardiKss. This mine, wliit:li bears tlio name of Loktiefsk, furnished annually, 
at the datt! vT 17^2, 330.000 ll>s. avoirdupois of coppcT. At present, it and the 
neighbouring mine of iSolotou.shinsk yiidd little more than 120,000 lbs. per annum 
cavil. At I'cliakir.skov, on the hanks of tht' Tbcharisch, towards the northern extremity 
of the nn tallifcrons semicircle mentioned above, there is a mine of argentiferous 
copper and lead, opened in a v{ ry large hut extremely short vein. Resides tho lead 
and copper ores, including a liitle silver, this mine affords a great quantity of cala- 
miiu^ (carb'Uiale of zinc), which affords occasionally fine stalactites of a white or green 
colour. 

The northern tlank of tho Altai inouutains ])rosentH few mines. Some veins of 
eoppitr exist 200 haigues E. of Zmeof, near the spot whore the river Yenisei issues 
from the Saiaiisk mountains, w'liich are a jirohmgation of tho Altaian chain. 

The Altai prodnev.s but litth^ lead; Imt the Crown w’orks, iu this and the Ner- 
Is -hinsk distria, together produce about l.(».S0,0t)0 11)S. annually. 

'J'lie first smelt ing-housc erected in this district was in the middle of the metalii- 
fei'ous n-gion at Kulgtran, tho j>laco from wiiich it takes its nann*. It has been 
suppressed (Ui account of the dearth of wood in tho noighbourhocxl of the mines. 
'I'lie principal e.xisting foundry is that of Buruaoul on the Obi, 50 leagues N. of Zmeof. 
riuinbago has been largely worked by M. Alibert at Irkutsk, near Lake Baiktil, 

^IiXKs or Daovuia. 

The name Ikiouria is given to a great region, wholly moiintaiiiotis, which extends 
IVorn the Baikal liiiko to the Ejistern Ocean. Its chit*f mining district is bey<md the 
.lablorino'i chain, which divides the waters of the Haghalieu or Amour from the stjcoains 
whicli flow to tlie icy sea. ^’lie iiiinos o]»ciied here constitute tlio third arrondisssment 
of the Sibt^rian mines, called that of Nertschlusk, from tlie name of its capital, which 
lies more than 1,800 leagues E. of St. Pett»rsburg. 

The country of the metalliferous portion of Dnoiiria is formed of granite, horn- 
Hchiefer, and schists, on which rejoscs a grey limestone, rometimes siliceous and 
argillaceous, rartdy fossiliferous, and iu which tho repositories of lead oeeor, Tho 
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plains of these regions, oiten salt-deserts, exhibit remarkable sandstones and pudding- 
stones; as also yesicolar rocks of a volcanic aspect. It appeps that the metalli- 
ferous limestone is much dislocated, and the lead-veins arc subject to several irregu- 
larities, which render their exploit^ltion difficult and uncertain. The mines lie chiefly 
near the banks of the Schilca and the Aigoun, in several cantons, at a considerable 
distance from one another; wherefore it was requisite to build a groat number of 
smelting-furnaces. The want of wood has placed difficulties in the working of some 
of them. The ores are principally oxides and carbonates of lead, with brown oxide 
of iron, calamine, and a v^arying proportion of native silver, occurring seldom in 
regular bodies, but generally in cavernous openings, more or less unit-ed by narrow veins. 

The silver extracted from the mines of Daouria, contains a very small proportion of 
gold. M. Patrin says that their annual prodnet was. towards the year 1784, fwm 
30,000 to 35,000 marcs of silver. Since that time it has diminished. The exploita- 
tion of some of the mines of I)aouria goes back to the end of the I7tb century. It 
had been commenced in some points b}' the Chinese, wdio w'cre not entirelj'^ expelbxl 
from this territory till the beginning of the following century'. Many of the mines 
are i\ 3 puted to be exhausted : among the l>e6l of tlie now’ existing works arc those of 
Akatouiefsk, Algatchinsk, and Ivanofsk. 

Besides the lead mines, tliere are nniniportant mines of copper in Pnoiiria. 

and in different explorations of this region, arsenical p^Tites, from which arsonioiis 
acid is sublimed in factories established at Jut lack and at Tchalbutehinsk}'. 

About 45 leagues to tlie S. of Nertscliiiisk the mountain of Odon-Tchclon occurs. 
celebrat.ed for the diflflTent gems or preciou.*' .stones extracted from it. It is forim-d ot‘ 
a friable granite, including liarder nodules or balls whicli inclose topazes : it is very 
analt^ous to the topaz-rock of S/ixony. In this granite there are veins containing 
rarities filled with a fcrniginoiis elay. in winch are found emeralds, acjiia -marines, 
topazes, crystals of smoked quarts;. Ac. Multitudes of tliesc mimrals liave be( n ex- 
tracted by means of some very irregular workings. The mouTitain of Toiitt-Kaltoni, 
situated near the preceding. oflFers analogous deposits. The presence of wolfram laid 
excited hopes that tin might l>e found in these mountains ; hopes which liave Ih-cii 
realised by its discovery on the Ononc. There are some unworked deposits ol snlpiii<h‘ 
of antimony in this country. 

Considerable attention lias of late years been direclod to the tributaries oj’iljc Amour 
river, many of which have yielded large quantities of gold, and some- districts cn the 
northern borders of the sea of Okotsk. are reported as Ixdug rich in ores of silver. 

MlNl-lS OF IlrNOAKY. 

It must be premised of this countr}’. that many of the metalliferous formations wliiidi 
used some years ago to be considered of liigdi geological antiquilv. have been provt I 
to belong to the secondarj'. and even to the tertiary period , wlicnce it is only as a 
matter of convenience rendered the more needful l)j a numlier of undtlvnuined 
questions, that all the mines are here classed together. 

The metallic mines of thi.s kingdom, including those of Transylvania, and tin* l»an- 
nat of Temeschwar, form four princijial groups, w'hich wc shall denote by the group 
cf the N.W., group of the N.E., group of the E.. and groiij) of tlie S.ll. 

The group of the. North-West embnices tlie districts of Scheninitz, Kreniiiitz, Ktenigs- 
berg, NeuBohl, and the environs of Schmcelnitz, Bethlor, Kosenau, &c. 

Schetnnit^, a royal free city of mines, and tlie principal ccntic of the mlm s of 
Hungaiy, lies 25 leagues to the N. of Buda, 5<i(> yards above tlie sea, in the 
of a small ^oup of mountains covered with forests. Tlie most pan of ihesi* mouii- 
taine, the highest of which reaches an elevation of 1,130 yards above ilie oci aii, are 
formed of barren trachytes (rough traji-rocks) ; but, within their am hit, a fbrniatitm 
is observed, consisting of greenstone porph 3 Ties, connected with syenites, jiassing into 
granite and gneiss, and including subordinate bods of mica-slate and liiuesione. It is 
in this formation that all the mines occur. 

It has been long known that the greenstone porjdi^Ties of Schemnitz havt- intimate 
relations witli ilio metalliferous porphyries of »South America. M. Bemiani, on com- 
paring them with those brought by Von Humlioldt from Guanaxuato. Jieal del Alouti , 

has recognised an identity in the minutest details of colour, structuri*, com}H).si- 
tioa, respective sitaation of the diflforent varieties, and even in the empirical chanicter 
of effemsoenoe with adds. 

The metalliferons rocks of Schemnitz appear in a tract of a few miles in exbuit, 
and are travelled a principal group of five master-lodes coursing N.E. and S.W., 
^ides a great number of less in^rtant veins, which occur on the north side of the 
ridge the Bmdise monntain. The most powerful of the first of these, the Spitaler 
attains oeearionallj a width of from 10 to 20 fathoms ; and is traceable for 
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upwards of 4 miles in length. The lodes seldom exhibit distinct walls, but a portion 
of the greenstone porphyry {saxutn metalliferum of the older miners) is often decom- 
posed, and impregnated with iron pjrrites for some distance from the plane of contact. 
Intersections and dislocations are of rare occurrence. 

The substances which constitute the body of these veins, are fragments of the 
adjoining rock, often decomposed to clay, drusy quartz, ferriferous carbonate of lime • 
and sulphate of baryta, with which occur sulphuret of silver mix(3d with native silver 
containing more or less gold, which is rarely in visible scales ; ruby-silver ore, argen- 
tiferous galena, blende, copper, and iron pyrites, &c. The sulphuret of silver and the 
galena are the most important ores. Sometimes these two substances are isolated, 
sometimes they are mixed in different ratios, so as to furnish ores of every degree of 
richness, from such as yield 60 per cent, of silver down to the poorest galena. The 
gold seldom occurs alone ; it generally accompanies tho silver in variable propor- 
tion, which has undoubtedly diminished in depth. Tho galena appears to occur in 
comparatively larger quantity in tho greatest depths attained. 

Tho ores of Schemnitz are all treated by fusion ; the poor galenas at the snulting 
work near Schomnitz (Bleihiitte), and the resulting lead is sent as work lead to the 
smelting-houses of Kromnitz, Ncusohl, and Scharnowitz, whither all tho silver ores 
prepared in the different s|>ots of the country are transported in order to be smelted. 

Tlic mines of Schomnitz, opened 800 years ago, have been worked to a df'pthof more 
than 200 fathoms. Tho explorations are in general well conducted. Excellent gal- 
leries of efflux have been excavated ; the waters for driving the machinery are col- 
lected and applied with skill. It may be renuirked, however, that tliesi; mines have 
declined from the stale of j'rosperity in which they stood a century ago, Maria 
Tlieresa, e.stablishod in 1760, at Schemnitz, a school of mines. Tliis acquired at its 
origin, throughout Europe, a great cclel)rity, but will prol)ably not recover from the 
blow which it received in the civil war of 1848-0. After numbering before thoso 
■ Vents .300 or 400 studejit.s, it has sc'cn a great proportion of them pass to the rival 
scliools of Clratz and Przibram. 

Kremnitz lies about five leagues X\.\V. of 8chemnitz, in a valley flanked on tlie 
right by a range of hills formed of nx-ks quite analogous to the metalliferous rocks of 
Schemnitz. In the niid.'^t of thes<- rocks, veins are worked nearly similar to those of 
Schemnitz; lait tho quart/ which forms their principal mass is more abundant, and 
contains more native goltl. Here is also found comparatively a great abundance of 
sulphide ot antimony. The metalliferous district is of ver}’ moderate extent, and is 
surrounded hy the trachytic formation which gcologicuily overlies it, forming to the 
east and west considerable mountains. 

Tile city of Kremnitz is one of the most anciemt free royal cities of mines in 
Hungary. It is said that mines were worked there even in the times of the Eomans ; 
but it is the Germans who, since the middle ages, have given a great development to 
these exploi bit ions. There exists at Kremnitz a Mint-office, to which all the gold and 
silver of the mines of Hungary arc carried in order to bo parted, and where all the 
chemical processes, such as the fabrication (d‘ acids, &c., are carried on in tlie large 
way. 

, About six leagues NN.E. from fSchemnitz, on the banks of tho Gran, lies the town 
of Neu.sohl, founded by a colony of Saxon miners, Tho mouiiUiins surrounding it 
include mines very diflfcreiit from those of which we have been treating. At Herrch- 
grund, two leagues from Neusohl, grevwaeko form.s pretty lv)ftv mountains ; this rock 
is covered by transition limestone, and is supported by mica-slate. Tiu! lower beds 
contain bands of coyipcr ores, chiefly copper pyrite.s. The mica-.slate includes likewise 
masses of ore, apparently eoiistituting vcius in it. These ores have been worked since 
the tliiileenth ctiiturv. The copfier ore is argeutilerou.s, and these mines produce 
annually about 2.137 cwts. of copper and 1,3-ln marcs of silver. 

In the higher ridge vdiich adjoins this range, and worke<l in a region of snows and 
bears, i.s the inten'sting iniiio of Magiirka, on an E. and W. lode in granite, yielding 
gold, antimony, and a little galena. 

The mines of Ixiwer Hungary (Niciler-Uugirn), employ 15,600 workmen, and yield 
metals of tlio annual value of 360.000/. 

Eighteen or twenty le^igues to tho east of Neusolil. wo meet with a country very rich 
in iron and copper mines, situated chiefly in the neighbourhood of Bethler, Schmcelnitz, 
Eiusiedel, Iio.seiieau, &c. Tnlcose and ehiy-slates form the principal body of the moun- 
tains here, along with hornblende rocks. The veins appear to lie generally conform- 
ally to the Btnita. Tho ores of iron are spjirry ore, and especially hydrous oxide of 
iron, compact and in concntioi -. aceunipauied with specular iron ore. ^ey give 
employment to many large sne ;ing-ho«ses, mostly in tlie counties of Gomor and 
Zips. The copper mines lie chiefly in tho neighbourhood of Schmcelnitz and Goelnits* 
The copper extracted contains about 6 or 7 ounces of silver in the hundredweight, 
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and the fahlera has been proved to contain a considerable percentage of mercniy, 
which is now extracted. This group of mines, beloT)ging almost entirely to private 
persons, and chiefly worked by a company called the Waldhiirgerschafi, produces 
annually 17»000 cwts. of copper, 4,660 marcs of silver, and 7,9^7 lbs. of quicksilver. 
In the neighbourhood of Bobschau, lai^e quantities of the ores of cobalt and nickel 
are obtain^. 

To conclude our enumeration of the mineral wealth of this country, it remains merely 
to state that there are opal mines in the environs of Czervenitza, situnte in the 
trachytic conglomerate, which in several localities contains opalisrd wood. 

Gntvp of the North-East, or of Nagybanya. — The mines of this group lie in a 
somewhat considerable chain of mountains, which, proceeding from tlic frontitTs 
of Buckowina, where it is united to the Carpathians, finally disappears amidst the 
saliferous sandstones T)ptwepn the Theiss, Lapos, and Nagy i:>zamos, on t he northern 
frontiers of Transylvania. These mount^iins are partly composed of rocks analogous 
tx) those of Schemuitz, traversed by veins which have much resemblance to the veins 
of this celebrated spot. Into these veins a great many mines have been opened, the 
most imjxirtant of which arc those of Kagyhanya, Xapnik, I'elsoVninya, Veresviz, 
Miszbanya, and Laposbanya. All these mines produce', gold. Those of Laposbanya 
furnish, likewise, argentiferous galena, and those of Knpnik cojquir, (‘sj^ecially as 
silver-fahlerz. Realgar occurs in the mines of Felsohanya ; and orpiment in tlit)so 
of Ohlalapos. Several of them produce manganese and snlphuret of antimony. Lastly, 
towards the north, in the county of Marmarosli, lies the importjnit cop]>er niiin’ of 
Borscha, and near the frontiers of Buckowina the lead mine of Jiodnau, in which 
also much zinc ore occurs. 

The mines composing the group of the Eaai^or of Abrvdhany a. occur almost all in the 
mountains which rise in the western part of 'I’ransylvnuia. between the Lnpos tind 
Marcs, in the environs of Abrudbanpa. Tluve tnay !»e ii()tie(*d in this reginii. 
limestones, sandstones, trachytes, basalts, and ]u»r]hyries. very aualngoun to the 
greenstone porplijTies of Sehemnitz. It seems to I'c principally in the JatUr roeks 
that the mines forming the wealth of this country oeears, but sonic of them exist also 
in the mica-slaUn the greA'waeke, and even in the iiinesttine. The ^viiunjial ve ins are 
at Nagyag, Koivisbanya. Offimbanya. Vbrdspatak, Biitza, Cserteseli, Fatzbay. Fiizes, 
Vnlkoj, Porkura, Butschum, and Toplitza. There are vetn- num(;rous mines, the 
whole of which produce auriferous ores smelted at the w-rks of /alallin.'i. These mines 
contain also silver, copper, untimon}’. and manganese'. Tin y are ct lebrated ibr iht ir 
tellurium ores, which were peculiar to them prior to the discovery of this metal a f ( w 
years I»ack in Norway. Tlje auriferous depo.sirs contaim*d in the greensiotie ]>or]diyry 
are often very irregular. The mines of Nag;\'ag are the riehe.st and best, worknl. 
The numerons veins of the district oeeur ]»artly in the porpliyn, and j*nrt]y in a 
sandstone which used to be lernied giaywaeke. and considered a transition rock, but 
is now ascribed to the upper secondary period. TJie gold is aecunpanjed bygah ua, 
realgar, ores of manganese, iron, zinc, and rarely of silver. 

At Rezbanya ores of copper and lead arc worked in small veins, which intux et 
crj’stalline schists atid marble. 

Large deposits of iron ore are work(<l mar Vayda Hunyad, anvl soutli-wrs; «)f 
Rezlmnya on the borders of porph^Tv and liTm'Stone, " 

The grotip of the South-East, or of the Bannat of T /nrschvHir, occurs in the moiin- 
tains which block up the valley of the Danube at (Irseliova. through a narrow gorge (»f 
W'hich the river escapes. Tiur jirineipal mines are at Oravilza, l\Ioldawu. S/.a.^/ka. 
and Dognaezka. They produce ebieHy argent ifirou.s eop])er. yielding a mare of 
silver (nearly i[_lb.) in the hundredweight, with f.ecasional!y a 'little gold. Ores d' 
lead, zinc, and iron, are also met with. TIu' mines are famous for theii beautiful 
specimens of blue carbonate of eop}»er, aiid various «»ther minerals, din- minr of 
Moldawa affords likewise orpiment. TJa-.M; metallic deposits lie in fiats and veins ; 
the former ocenrring particularly bctw'een the mica-slate and the iimestone, or some- 
times between the limestone and the syenite poiqdiyry. Well-defined veins also are 
known to exist in the jyenite and the mica-slate. The Bannat possesses, moreove r, 
important iron mines at Moravitzti and Ruskberg. Cobalt ores (tceur bkcsvis( in the>e, 
Mgions. The mines of the Bannat have been bmstd, txjgetlicr witli the railroads, to a 
French eompany. 

The mines constitnting the fonr groups now de.s(>ribed are not the sole metallic 
tttines possessed ^^Hnngaiy. A few others, but generally of little imj)oriunee, are 
•catte red over diftrent parts of this kingdom. .Seveml have ]»een noticed in tim 
pwtion erf the Oaipathians which separates Transylvania from Moldavia and 
yfftehia. Their principal object is the exploration of some singular deposits of 


Bseidei the nnnee jnst nodeed, Hungary contains some eoul and lignite mines, 
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nmnerons mines of rock-salt, and several deposits of golden sands situated chiefly on 
the banks of the Danube, the Marosch, and the Ncra. 


Minks of South Abcertca. 


Few regions are so celebrated for their mineral wealth as the great chain which, 
under the name of the Cordillera of the Andes, skirts the shores of the Pacific Ocean 
from the land of the Patagonians to near the north-west point of the American Con- 
tinent. Who has not heard of the mines of Mexico and Potosi ? The mineral wealth 
of Peru has passed into a proverb. More recently the gold of California has thrown 
half the world into a fever of excitement. 

The most important mines of the Cordilleras have been those of silver ; but several 
of gold, mercury, copper, and lead, have likewise been opened. Those mountains are 
not equally metalliferous in their whole extent. The woxkings occur in a small num- 
ber of districts, far disUint from each other. 

In the Andes of Chili, particularly in the district of Copinpo, silver mines are ex- 
plored, which afford chiefly ores of an earthy or ferruginous nature, mingled with small 
particles of oro with a silver base, known there under the name of pace.?. Sulphide, 
chloriile, and ch loro-bromide of silver are also found, and an alloy of silver and mercurj 
called arqurriic. The same province presents also copper mines of considerable impor- 
tance, especially in Coquimbo and Huasco, from wliich are extracted native copper, 
rt'd oxi<K‘, carbonate of copper (malachite), and copper pjTitos, associated with some 
chloride of copper. In a few mines, masses of native copper of extraordinary magni- 
tude have been found. 

The second metalliferous region of the Ande.s occurs lietween the 21st and loth 
legrtM's of south latitude. It includes the celebratxjd mountains of Potosi, situated 
in nearly the 20tli degree of south latitude, on the eastern slope of the chain, and 
scverjtl Cither districts likewise very rich, which extend principally towards the north- 
west, as far as llio liaiiks of the lake Titicaca., and even beyond it, through a total 
length of nearly 1 50 leagues. All these districts, which formerly depended on Peru, 
wtTc united in 1778, to the governmeut of Buenos Ayres, and are now included in 
Bolivia. The mines of Potosi were discovered in 1515, and have furnished since 
that prriod till our days, a bocly of silver which Von Humboldt values at 230, 000, 000^ 
!-trrling. The first years were the most produetive. At that time ores were often 
Ibiind which afforded from 40 to 4«5 per cent, of silver. Since the beginning of the 
eightcciiLii century, the average richness of tlus ores does not exceed above from 3 to 4 
j.arts in 10.000. The.so ores are therefore very poor at the present day; they have 
diminished in richness in |>roportion as the excavations have become deeper. But 
tilt! total product of the mines ha.^^ not dimini.slied in tius sumo proportion ; abundance 
f f on- having made up for its poverty. Hence, if the mountain of Potosi is not, as 
f irmerly, tlm richest deposit of ore in the world, it may. however, be still placed iiii- 
mudiatidy after the famous vein of (luanaxuato. The present yield is estimated afc 
about 50,000 lbs. troy. Tlio ore lies in vcjn.s in a primary clay-slata'', which composes 
the principal mass of the raounttiin, and is covered by a bed of clay-porphyry. This 
r(K*k crowns the summit, giving it the form of a basaltic hill. The veins are very 
nuniennis; sevi-ral, near their outcrop, were almost wholly composed of sulphurct i)f 
silver, antimoniaU<l sulphuret of silver, and native silver. In 17110, seven copper 
mines were known in the vice-njyalty of Buenos A}Tes, seven of lead, .and two of 
tin ; the last being merely washings of sands found near the river Oraro. 

( Ml the oppo.sile flank of tile chain, in a low, desert plain, entirely destitute ot water, 
which adjoins the liarbour of Iquiquc, and forms a part of Peru, f>ccur the sdver 
mines of Huantiijaya, celebrated for the immense masses of native silver which have 
been sometimes found in them. In 1758 ono was discovt*red weighing eight cwts. 

Baron Hnmbiddt quotes 40 c.'intons of JVru as being at the time of his journey most 
famous for their subterranean exploi~ations of silver and gold. Those of gold are 
found in the pi*oviuees of Huaaihis and Pataz ; the silver is chiefly furnished by the 
districts of Huautajaya, Pasco, and Chota, which far surpass the others in the abun- 


dance of their ores, , 

The silver mines of the district of Pasco are situated about 30 or 40 l^gues nor 
of Lima, in m degrees of south Intitmle, 4,100 yards above the sea-level, on 
eastern slope o? the Cordilleras, and near the sources of the river mtiron. ^ ey 

were discovered in 1630. These mines, and especially those 

are actually the richest in all Peru. Their annual produce is above 400,00W. The 
on* is an earthy mass of n red colour, containing much iron, mingled wth parfacles o 
native silver, hornsilver, &c., constituting wdiat they caU pa^s. At first nothing 
but these pacos were collected ; and much grey copper and antimomatod snlphiiret of 
silver were thrown amongst the rubbish. The mean produce of aU the ores is ; 
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or an ounce and ^ per cwt. ; although some occur which yield 30 or 40 per cent 
These rich deposits do not seem to be extended to a great depth ; they hare not been 
pursued farther than 130 yards, and in the greater part of the workings only to from 
86 to 46. Forty years ago, these mines, which proclucod nearly 2,000,000 of pias1;rea 
annually, were the worst worked in all South America. The soil seems as if riddled 
with an immense number of pits, placed without any order. The drainage of the 
waters was effected by the manual labour of men, and Ti’as extremely expensive. In 
1816, some Europeans, among whom were several miners from Cornwall, erected, 
under the direction of the celebrated Richard Trevithick, several high-pressure steam- 
engines, imported from England, and introduced a considerable improvement in the 
workings. 

The total yield of Peru is estimated at about 300,000 lbs. troy per annum. 

The mines of the province of Chota. are situated in about seven degrers of soirth 
latitude. The principal ores are those of Gualcayoc, near Mcciiicampii. discovered in 
1771 ; their outcrop occurs at the height of 4,500 yards above the sea ; the city of 
Mecuicampa itself has 4,000 yards of (deration, that is, liigher than the highest sum- 
mits of the Pyrenees. TJie climate is hence very cold and nncomfortJible. The ore 
is a mixture of snlphurct of silver and antimoniated sulphnret. with native silver. 
It constitutes veins of which the upper portion is fomn^d of paens, and they some- 
times traverse a limestone and sometimes a hornstone. which occurs in subordinate 
beds. The annual produce of the mines is 67.000 mare.s of silver, according to 
Von Humboldt. 

In the districts of Huanilas and Psitaz, which are at a little disiane( fivun the biriner 
two, gold mines arc worked. This metal is extr, acted ehi(dly from the veins «)f (juartz,. 
which run across the primary .schistose mount.ains. The district (d‘ lluaaiiiis con- 
tains also Iwid mines. Pern possesses, moreover, some mines r)f et)]>]»( r. 

The quicksilver mine of Huaiieaveliea. long the only i!ii)torl‘,iiil mine of tliis species 
which was worked in the Mew World, oc'eurs on the eastern tiank cd the Andes of 
Peru, in 13 degrees of south latitude, at upwards of 6.060 yards ab(»ve tin level of tlm 
sea. It does not seem referriblc to the same class of <le}X)sits with the mines liitherto 
mentioned, but occurs in sandstones and shale.s. apparently of the carboniferons j^erioJ, 
Indications of mercurial ores have been observed in several otluT }>oints of the 
Andes of Northern Pent, and the south of New (Irauada. 

Deposits of rock salt are known to exist in Peru, especially m^ar the silver mine's (.1 
Huantajaya ; and nitrate of soda is found in large quatiiity in tlie desert Tiira]>,'ica. 

On receding from the di.strict of Chota. the Cordilleras are less abundantly sioreii 
with metallic wealth, to the isthmus of Panama, and even far beyond it. d’lir kingdom 
of New Granada offers but a very small number of silver inim s. d'here jov some auri- 
ferous veins in the province of Antio(^uia, and in the mountnins of (iii.iinoco. The |'ro- 
lUDce of Caracas, the mountains of which iiiay he considered .•i> a rainihcatiofi of iht‘ 
Cordilleras, presents at Aroa a copper mine which furnishes annually iron) 700 to 800 
metric quintals (1,400 to 1,600 ewts.) of tlli^ mettil. Finally, we may stat<‘ in passing, 
that there is a very abundant salt mine at Zii>aqiiira. in the- province of Santji-Fe. 
and that between this point and the province of Sant a-Fe-de-Fogot a, a coal-field occurs 
at the extraordinai^’ height of 2,700 yards. JOnieralds aro ^^orked at >Iu/o. 

Although Mexico presents a great variety of locjililies of ores, almost the oiily ones 
worked are those of silver. Nearly tlui whole of these mines are situated on tlm baek 
or the flanks of the Cordilleras, e.specially to the we.sl of the chain, at tlie height ol' 
the greJit table-land which traverses t his region of the globe, (»r a littl- bijcw i:> 
lerel in the chains which didde it. They lie in general botwetm 2.000 and ;^0oo yaiM- 
abore the sea; a very considerable elevation, wdiich is favourable to their prosjx rit v. 
because in this latitude there exists at that height a mean Lemj)cratiire mild, sainbriuus. 
and most propitious to agriculture. There were at the time of Huml.()ldrs visit, from 

4.000 to 6,000 deposits of ore exploited. The w'orkinirseonKlitute 1 ::;.000 distinct luiiu 
which were distributed round 500 head-quarters or lit ales. These mines are net. how- 
ever, uniformly spread over the whole extent of the Cordilleras. Tlicy may be con.'^i- 
dered as forming eight groups, which altogether do not inchah; a great ( m- sjiacc than 

12.000 square leagues; viz. hardly more than the tenth part of the surface of Mexico. 

These eight groups are, in proceeding from south to north, 

1. The group of Oaxuaca, situated in the province of this iitime at tlic soutlicrn extre- 
i^y of J^xico properly so called, towards the 1 7th degn^e of nortJi latit udc. Fcsidcs 
•ilvor mines, it oontaius the only veins of gold explored in Mexico. Thc..sc veins tra- 
verse gneiss and mica-slate. 

. 2. The group of Tnsco. The most part of tfao mines which compose it arc situated 
leagues to the south-west of Mexico, towards the western slo]»o of the grent 

%• The group ol fiiiosfiia, ebout 20 leagues north-east of Mexico. It is of moderate 
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extent, but it comprehends the rich workings of Pachuca, Real del Monte, and Moram. 
The district of Real del Monte contains only a single principal vein, named Veta BtzU 
Dana of Real del Monte, in which there are several workings ; it is, however, reckoned 
among the richest of Mexico. 

4. The group of Zhnapan. It is very near the preceding, about 40 leagues north 
of Mexico, towards the eastern slope of the plateau. Besides numerous silver 
mines, it includes abundant deposits of lead, and some mines of yellow sulphurot 
of arsenic. 

5. The Ccniral group, of whicli the principal point is Guanaxuato, a city of 70,000 
inhabitants, placed at its soiitliorn extremity, and 60 leagues NN.W. of Mexico. It 
comprises among otliors the famous mine districts of Guanaxuato, Catorce, Zacatecas, 
and 8o7iiIjrercf.e ; the richest in Mexico, whicli alone furnish more than half of all the 
silver which this kingdom brings into circulation. 

The district of Guanaxuato presents only one main vein, called the Veta Madre. This 
rein is enclosed principally in clay-slate, to whoso beds it runs iiarallel, but occa- 
sionally it issues out of them to intersect more modern rocks. The vein is composed 
of quart z, carbonate of lime, fragments of clay-slate, &c. ; and includes the sulphurets of 
iron, of lead, and of zinc in great quantities, some native silver, sulphide of silver, and 
red silver; its powtr (tJiickness of the vein) is from 43 to 48 yards. It is recognised 
and worked througlioiit a length of upwaKls of three h^ngucjs, though the principal 
workings an? within 2,000 yards ; and coutjiins 19 exploitations, which produced an- 
nually iK'urly 1,200,000/. in .silver. One of the explorations, that of Valcnciana, 
j^roduces 320,000/. ; being (vpial to about one-fifteenth of the total product of the 3,000 
mines of Mi'xico. Siiici^ 1704, tiie pi riod of its di.seovery, its nett annual product has 
never been less than from two to three millions of francs (80,000/. to 120,000/,); and 
its jiroprietors, at first men of little fortune, became, in ten years, the richest indivi- 
duals in Mexico, and perhaps in the whole globe. 

The workings of this mine are very extensive, and penetrate to a depth of 2,000 feet. 

The district of Zacatecas presents in like manner only a single vein in greywacko ; 
which, however, is the seat of several workings. 

The de})o.sits mined at Catorce are in lime.stone; the mine called Ptcrissima de 
Ca/mr lias been explored to about OoOl^'ards in depth; and yielded in 1796 nearly 
220,000/. There an* also mines of antimony in the district of Catorce. 

Since the year 1824. sevt ral Kngli.sh companies, on a large scale, have undertaken 
tlie working of some of the .Mexican silver mine,s. Of late years many of them have 
been faiidy sueccssful. 

'fowards the western part of the group of which we are now speaking, copper mine.s 
are Worked in the provinces of N'alladolid and Guadalax.ira ; the ores beingchietly 
com pc'- el of sulioxide of copper (ruby copper), sulphide of copper, and native 
cojqier, Thesi! mines produce about 2,000 nn-tric quintals of copper annually 
(440,000 lbs. English). In Uie same district, ores of tin <‘iro collected in the alluvial 
sfjils, particul.irly near Mount Gigante. The concretionary oxide of tin, so rare in 
Europe, is here tlie ino.st common variety. This metal occurs also in veins. 

The central jiart of Mexico contains many indications of sulphide of mercury 
(cinnabar); but in 1804 it was worked only in two places, and to au inconsiderable 
extent. 

(i. The group of Ncu 6'e///cm is .situated in tho province of this name, about i()i) 
leagues N.W. from Mexico, It comprises the mines of Bolanos. one of tho ricli. .--r 
districts, 

7. The group of Durango and Soaora, in tho intendaneie.s of tho same name. It is 
very exteii.'-ivc, d’he mine.s are situated in part on tho table-land, and in part on tlie 
western slope. Durango is 140 leagues NN.W. of Mexico. Tin ore is found luM-e. 

8. The group of Chihiuihiia. Jt takes its name from the town of Chiliuahiia, situut > • 
100 leagues of Durango. It is e.xcoodingly extensive, but of little value; and t i- 
miiiates at 29‘^ lO' of north l.ititude. 

Mexico pjs.sesses, besides, several mines which are not included in the eiirhi 
preceding groups, 'flius the provinces of New Leon and of New Santander presenr 
ahuudani ori'S of lead. Now -Mexico contains copper mines and many others. 

iiastly, rock-salt is mined in severJil points of New Spain ; and coal seonis to occur 
in New Mexico. 

Tho richness of the different districts of tho silver inincs or reales is extremely un- 
equal. Niueteen-twolilicths of those rcales do not furnish altogether more than one- 
twelfth of tho total ])roduct. This inequality is owing to the excessive richness of 
some ilo{>osits. Tho ores of Mexico are principally in veins ; beds and masses are 
rare. The veins traverse chiefly, and perhaps only, igneous and transition rocks, 
among which certain porphyries are remarked as very rich in deposits of gold and 
silver. The silver ores are mostly sulphide of silver, black antimoniated snlphido 
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of flilTW (fltephanite and poljbasite), muriate of silver (horn silver), and grey copper. 
Many explorations are carried on in certain earthy ores, called eo/ororfos, similar 
to the paoo8 of Peru. ILtastly, there are ores of other metals, which are worked 
principally, and sometimes exclusively, for the silver which they contain ; such are 
the argentiferous sulphides of lead, of copper, and of iron. 

Ores of very great richness occur in Mexico; but the average is only from 3 to 4 
ounces per cwt., or from 18 to 25 in 10,000. There are some, indeed, whoso estimate 
does not exceed 2^ ounces. Almost all the argentiferous veins afford a little gold ; 
the silver of Guanaxuato, for example, contains The enormous product of tlio 
Mexican mines is to be ascribed ratlier to the great fiicilit}' of working tlunn. and the 
abundance of ores, than to their intrinsic richness. The present jdeld is estimated at 
above 5,000,000Z. for silver, and 62,000Z. for gold. 

The art of mining was little advanced in this country at the period of Humboldt’s 
journey; the workings pre.sentod a combination of small mines, each of which had only 
one apierture above, wi&out any lateral communications between the different shafts. 

The form of these explorations was too irregular to admit of their being called 
regular slopes. The shafts and the galleries were much too widt*. The interior 
transport of the ores is generally effected on the backs of men ; rarely by mules. The 
machines for raising the ore and drawing the water are in general ill-combined, and 
the horse-whims for setting tlicni in motion ill-constructed. The timbering of the 
shafts is very imperfectly executed ; the u-alled portions alone are well done. There 
are some adit-levels, but the}^ arc too few, and ill directed. The efforts of the 
English companies have produced but little change either in the mining or subsequent 
treatment of the ores. 

The silver ores of iSpanish America are treated partly by fusion and partly by amal- 
gamation, but more frequently by the latter mode ; hence the importation of mercury 
forms there an object of the highest importance, especially since the quicksilver mine 
of Huancavelica fell in, and ceased to be worked on the .same scale as j)rcviously, 

Gk)ld mining is carried on in Nicaragua, and .some gold is also yiiddod by Costa 
Rica, and the Island of Aruba, 

The most important of these gold-sands are washed on the we.^lurn slope of tlie 
Cordilleras, viz. : in New Granada, from the province of Burbacoas to the Isthmus 
of Panama, and to Chili. There are likewise some on the eastern slope of the Cor- 
dilleras, in the high valley of the river Amazons. The washings of New Gratiathi 
produce, also, some platinum. 

The mines, properly so called, and the washings of South America, furnish, altogether, 
42.575 marcs, or 10,418 kilogrammes (22,920 lbs. Eng.) of gold, w'orth 1,435,720/. 

Besides the extensive washings of the sands that produce the diamonds and other 
precious stones, the platinum, and a great part of llie gold of Brazil, mines of 
gold, lead, and iron are opened in what appear to 1/c ancient geological formations, 
very' different from those of the Cordilleras. There are no silver mines, and this, 
again, indicates a great difference between the deposits of Brazil and those of 
Spanish America. The province of Minas-Geraes in Brazil is that most remarkalde 
for its mineral productions. The slaty strata of the country contain intercalated 
portions of quartzose rock, among which a micaceous one, called Jfacoluoutr, and out 
largely charged with scales of specular iron, termed Jacotinga, are regarded as con- 
stant accompaniments of the gold. 

^veral English companies liavc for years worked gold mines in this region ; among 
which that of St. John d’El Key still yields a considerable profit, due in a p’eat iiuuisure 
to the steady skill and economy with w^hich the underground works, as well as the 
stm^ping and dressing of the auriferous ‘stone’ is conducted : this is an auriferous 
pynte.si. Among the most noted of the mines are the Balm, Gongo Sot^o, and Morro 
Velho, wdiich although yielding only from two t>o three oiiavas (or eightlis of an ouiut) 
per ton, are worked on a large scale. The Morro Vellio, w hich was the largest gold 
mine in Bmzil, is now suffering from the efiects of a most disastrous fiiv which oc- 
curred there a few years ago. Among other interesting minerals, the rare metal 
I^lladiuin is found mingled with some of the Brazilian gold, and it wa.s ow ing to the 
liberality of the well-known a.ssayer, Percival Johnson, F.li.S., that the Geological 
^iety of London was for years enabled to bestow an annual ‘ Wollaston ’ medal struck 
in palladium, of which that chemist was the discoverer. 

Mines of Nobth Ameuica. 

Within the last few yean a stupendous activity in the production of certain metals 
has aueoeeded to the unimportant trials which at intervals used to be made. It was 
the discovery of gold in California in 1848. which invited the attention of 
ta* worid to the metallie zi&ee of the Pacific side of this continent, or to the western 
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flank of the continuation of the great chain of mountains which we hare traced up- 
wards from South America. 

Almost the entire quantity of the gold produced in California is obtained from 
stream-works, washings, or ‘ diggings,’ but the precious metal itself has evidently been 
derived from veins in the granitic and the ancient slaty rocks which constitute the 
range of the Sierra Nevada. The alluvial deposits occupying ancient river-courses 
are termed ‘ deep placers,’ whilst those which have been re-distributed, and lie near the 
surface, are called ‘ shallow placers.’ The gold-bearing gravels are usually worked by 
a process known as ‘ hydraulic mining.* See Gold. Platinum and osmiridium have 
also been found here. 

The aurifcTous tracts extend northward far into tho British territory, and aro 
worked in British Columbia. 

In one of tho side valleys of San Jose, a mine of quicksilver, ‘ New Almaden,’ has 
for some years boon op(mod upon irregular and contorted deposits of cinnabar, asso- 
ciated with clay-slates highly inclined and similarly contorted. It is said that above 
10, 000 cwts. of moreury are produced here annually. 

On tho eastorn or Atlantic sido of the North American continent, the existence of 
gold has long been known, as well in alluvium in Virginia, Carolina, Georgia, and 
Canada, as in ve ins which occur at inten'als in the schist rocks of the Appalachian 
chain, and whicli havo given rise to numerous explorations. 

Tlie veins appear g(morally to course NN.E. and SS.W., and to consist mainly of 
quartz, oftmi extending to a great thickness. Few, however, of these mines have been 
lolloped down to a depth of more than 100 feet, or have been developed on a con- 
tinuously largo scale. 

Leinl mines havebev?n worked in distinct veins at Eossie, St. Lawrence County, N.Y., 
at Shelburne in Now Hampshire, Southampton and Northampton, in M.ass/ichusetts, 
Middleton, Connectient, Cliester County, and Wheatley mines, Pennsylvania; but the 
most important are those opened in irregular deposits sometimes vertical, at others 
liorizontal, which dist inguisli tho Silurian limestones of the Upper Mississippi. The 
lead-boaring region is 87 miles long from east to west, and 64 miles broad from north 
to south, the chief centres being Galena, Mineral Point, and Dubuque. The ore, 
generally [luro galena, oociirs withgnfat irregularity. It occupies only one zone, about 
H)0 fo(‘t in thickness, of tho ‘galena’ limestone, and bonce tho mines havo been but 
siinllow. In Mis.sonri ail analogous state of things occurs. Copper has been worked 
at srvor.il mines in tin* Atlantic Staits, in Maryland ; in New Jersey ; several localities 
in Tcnno^M ‘0 ; and Perkiomen in Pi nnsylvania, where the A'eins occur in new red sand- 
stone ami shale. 

In 18-11 Mr. Ikaigiiton, .state geologist for Michigan, first drew public attention to 
the native copj>t*r (;f Uike Siipt'rior, wliieh has been the object of very numerous 
Workings, and has l»een pruluced in steadily increasing quantity. 

'i'lic e<tj<|HT occurs in a district of bedded augitic trap, amygilaloid, and sandstone, 
witli cough ant r.ate of the lowur {Silurian period, and the rocks aro especially remark- 
abln tor bearing native copper with but little of the ordinary ores of that metal. 

< )rt s of zinc an* associutiHi wit h lead ores at several of the above-mentioned Iwalities, 
e>pi('i.illy in tho Wisconsin district, where the calamine is known among the miners 
l^y 1 In* name • dry-bone.’ But one of the most peculiar mineral deposits in tlio 
rnited Slates is that of the red oxide of zinc, and of Kranklitiite, which occur in 
Sussex County, New Jersey, at Sparta and vStirling. They are intercalated among 
the beds <<f a erysi.dline limestone, with a total thickness of above 30 feet, and are the 
sct iie of Vi*rv biiecessful luub.rl akings. 

Lastly, ir^ii <»nr> (jf various s]>ecies. particularly the magnetic oxide and haematite, 
<u*cur in iiumenuis hx'aliiics, Missouri is remarkable for large masses, and Lake 
Superior ofiiTs even a giv.iter abundance, 

A bed ()f inaLOii t ;c oxidi* of iron occurs in gneiss near Franconia in New Hampshire. 
It has a width of iVoiii d to 8 feet ; atid lias been mined through a length of 200 feet, 
and to a th-plli of 00 let t. The s.-im« oro is foiiml in veins in Mas.saehu.scts and Ver- 
mont. ;!ccoinj>aJUt*vl Vy copper ami iron pyrite.s. It. is met with in iniineuso quantities 
«»ii the M'cstern bank of ihn lake (’ham plain, forming beds of from 1 to 20 teetin thick- 
lutss, almost without mixture, encased in granite. It is also found in the mountainsof 
that territory. 'J'licst* deposits appe.ir lt> exteml without interruption from Canada 
to tile neigh bon rhood ot Nt w V^ork, whi*re an exploration on them may be seen at 
Crown-Point. The on* there extracted is in much esteem. Several mines of the 
same sp(x“ies exist in New Jersey. The primary mountains which rise in the north 
of this state near the Delaware, include beds almost vertical of black oxide of iron, 
which Lave been worked to 100 feet in dej^th. In the county of Sussex tho same ore 
occurs, aceompanied with Franklinito. At Eoxbury, in Connecticut, a good sized 
lode of sparry iron occurs ; the only one of tho kind known in the Alleghanies. 
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Although the mineral resources of Canada are remarkably rich and varied, mining 
operations have not yet been adequately carried out. Iron ores of great value, chiefly 
magnetic oxide and red hsematite, are abundant in the Laurentian rocks at several 
points on the Ottawa, along the Kideau Canal, and near Marmora ; but the want of 
coal has prevented their duo development. Good iron ore is also found in many of 
the eastern townships, and l>og ore has been smelted at the Radnor Forges, Batiscan. 
Copper ores are worked in Huronian rocks on the north-eastern shore of Lake Huron, 
and the ores of the eastern townships have been worked at Harvey s Hill, in Leeds, 
and at the Acton mine, now exhausted. Gold workings have been estnMishod on the 
Chaudi^re and its tril utaries, whilst the metal was at one time wwked nt the 
Richardson mine, Hastings Co., where it was found curiously associated with lignite 
Veins of galena are found in the Laurentian rocks, but arc not worked. Among the non 
metallic minerals of the Dominion may be mentioned the fine deposits of phosphate 
of lime, or apatite, and mica. Petroleum is widely distributed in certain localities. 

Coal seams of great value are actively worked in the provinces of New Brunsw'i(k 
and Nova Scotia ; whilst gold is jdelded by the quartz-veins of Waverley and other 
districts in Nova Scotia. 

Before quitting America, it should be mentioned that the West India Islands offer 
indications of mineral. Many cupriferous veins have been explored in Jamaica. 
Copper ore and molybdenite occur at Virgin Gorda ; and Cuba has for years been 
remarkable for the richness and abundance of its copper ores. The principal mine is 
the Cobre, worked on an extensive scale. The lodes, wdiich have been very large at 
shallow depths, course E. and W. through greenstone and conglomeritic rock. The 
•Santiago mines have also yielded a large amount of ore. 

To K. W. Raymond. Pli.D., we are indebted for the following: — 

Professor W. P, Blake, in a note to his ‘Catalogue of California Minerals,’ pointed 
out that the mining districts of the Pacific slope are arranged in parallel zones, fol- 
lowing the prevailing dirw'tion of the mountain ranges. This interesting generaliza- 
tion hits been more fully illustrated and connected with the geological liistory of the 
country' by l^Ir. Clarence King, who sums up the obsen'ed phenomena as follow’s : — 

‘ The Pacific coast-ranges upon the west carry quicksilver, tin, and chromic iron. 
The next belt is that of the »Sierra Nevada and Oregon Cascades, whicli. upon their 
west slope, boar two zones, a foot-hill chain of copper mines, and a middle line of 
gold deposits. These gold-veins, and the rcsuluint placer mines, extend far into 
Alaska, characterised 1-y the occuiTcnce of gold in quartz, by a small amount of tliat 
metal which is entangled in iron sulphurcts, and by occupying sjJits in the iqiturned 
motiimorphic strata of the Jurjissic ago. Lying to the east of this zone, along the 
east base of the Sierras, and stretching southw'ard into Mexico, is a chain of silvir 
mines, contJiiniug comparatively little base metal, and frequently included in volcanic 
rocks. Through Middle Mexico, Arizona, Middle Nevada, and Central Idaho is 
another line of silver mines, minerali.sed w'iih coinplicaU*d association of the base 
metals, and more often occurring in older rocks. ^J'liroiiglj New Mexico. Utah, and 
Western Montana, lies unother zone of argent iferoii.s galena lodes. To the east, 
again, the New Mexico, Colorado, Wyoming, and Montana gold-belt is an extremely 
well-defined and continuous chain of dep»osits.’ 

These seven longitudinal zones or cliaiiis of mineral deposits must not, in my 
opinion, be held to constitute a complete classification. The belts of the coast - 
range and the west slope of the Sierra are well defimd, both geologically and topo- 
graphically ; but it is not so easy to seqiarate into distinct groups the occurrences 
of gold and silver of the Sierra. For instance, the gold of Eastern Cregori, Idaho, 
and Western Montana, together with such occurrences in Nevada as those of the 
Silver Peak and Now Pass districts, and numerous iuslances of sporadic occurrence 
of particular ores of silver or argentiferous base metals, cannot ])e brought within 
the classification above given. Either more zones must bi* n-cognised, or a great er 
mineraiogical variety must be acknowdedged in tho.se already Iniil dowm. Tlu^ latter 
alternative is, I think, the more reasonable. According to tlui principles set forth 
in a discussion of mineral deposits in my report for 1870,* it appears evident that 
the agencies which aflTect the general constitution of geologncal formations are far 
wider in their operation than those which cause the formatif)n of fissures; and that 
the causes influencing the filling of fissures are still more lo(ral in their peculiari- 
ties than those which form the fissures themselves. Thus, of the area covered by 
rocks of a given epoch, more or less unifonn in lithological character, only a small 
portion may have been exposed to conditions allowing deposits of useful miiiends, 
even when such deposits are contemporaneous, us in the case of coal. Still mure 

* * Stotittiai of and Wwfag in the States and Territories west of the Rocky Motmtains/ by 

B. W»Bapimd,U, 8, OoimlmUmer 
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limited is the field for the formation of fissures ; but it must be freely confessed that, 
in the case before us the corrugation of half the continent into parallel ranges ofifers 
good grounds for the expectation of vast longitudinal systems of fissures. When -we 
come to consider the filling of these fissures, however, it is evident that the mineralo- 
gical character of the vein-material must vnry, t o some extent, as to the gangue, but 
to a still greater extent as to the nature of the ores. Even sin^ mines, in the course 
of extensive exploitation, have produced ores differing as widely as do those of the 
different zones enumerated by Mr. King. I am, in fact, strongly inclined to consider 
freedom from base metals, for instance, a peculiarity due in many cases to secondary 
processes, and not to be relied upon as characteristic for single veins even, to say 
nothing of whole groups, districts, and continental zones. . 

Nevertheless, the generalisations of Professor Blake and Mr. King on this subject 
are highly interesting and valuable. The criticism here made is not in opposition to 
tlieir views so much as in qualification of a possible rash application on the part of the 
general public. The zonal parallelism does exist, though in a somewhat irregular 
way ; and it is clearly referrible, as these writers have shown, to the structural fea- 
tures of the country, the leading feature of which is the longitudinal trend of the 
mountain ranges. 

Subordinate to this trend (or, more strictly, resulting from the same causes as 
produced it) nppesar the predominant longitudinal strike of the great outcrops of 
sedimentary rcjcks, the longitudinal axes of granite outbursts, and, finally, the 
longitudinal vents of lava-overflows and the arrangement of volcanos in similar 
lines. It is evident, tliat in crossing the country from east to west we traverse a 
scries of different formations ; while, by following routes parallel with the main 
mountain ranges, we travel upon the continuous outcrops of the same general age. 

Mr. King distinguishes in the history of the entire Cordillera two periods of 
disturbance, which have been accompanied by the rending of mounUiin chains, and 
tlio ejection of igneous rocks. Such periods w'ould afford the conditions of solfataric 
action, thermal springs, and the generation of acid gases and metallic sublimates 
and solutions, and thus favour the formation of mebilliferous deposits. The first 
of tlieso periods, he says, culminated in the Jurassic, produced over the entire system 
a profound disturbance, and is, in all probability, the dating-point of a large class of 
lodes. To the second, or tertiary period, ho assigns the mineral-veins which traverse 
the early volcanic rocks. 

The expression * culminated in the Jurassic * merely refers, no doubt, to the fact 
that the cretaceous strata of California repose unconformably upon the upturned and 
metamor])liosed Jurassic slates, liaving been themselves neither tilted nor highly 
metamorphosed. Perhaps it is well to remember, however, that the cretaceous is a 
weak point in the Calitbrnia series, at least, as determined by leading fossils ; and 
jHThaps the results of moro complete stratigraphic.al surveys will indicate thiit there 
are gaps of no little significance, dynamically and chronologically, in this part of the 
geological record. At all events, tlie jxjriod of the folding of the Sierra Nevada (pre- 
suniably that of the formation of many mettilliferous deposits) was in some sense post- 
Jurassic rather than Jurassic ; and probably this is the meaning of Mr. King, who 
s]H‘aks of it ill another passage as ‘ late Jurassic.’ 

The lodes which are refeiTed to this period are of two typos : first, those wholly 
inclosed in the granites, the outbiu’stof which accompanied the upheaval of the earlier 
stratified group, or in the metiimorphosed Jurassic or sub-Jurassic strata ; secondly, 
those which occupy planes of stratification or jointure, thus following in general the 
dip and strike of the country-rock, while they present in other respects the indications 
of fissure-veins. The veins of the Ileese-river granite are examples of the first type; 
many gold-veins of California, the Humboldt mines, &c., are given as illustrations of 
the second. The AVhitt? Pino district, the mineral deposits of which are said to bo 
inclosed conformably between strata of Devonian limestone, is declared to be a ‘ pro- 
minent example of the groups comprised w'holly within the ancient rocks.* 

AVe have hitht^rto supposevl the strata immediately overlying the argentiferous 
limestone at AVhite I*ine to be deep-water Carboniferous; but their Devonian cha- 
rat'ler seems to be demonstrated by Mr. Arnold More practically important 

is tln! assigiiinont of these deposits to the earlier jieriod of geological disturbance. 

Mr. King appears here to include in one group all the AVhite Fine deposits, the 
‘ Base Itange,* as well as ‘ Treasury Hill* ; yet the striking distinction in mineralo- 
gical character is worthy of regjird. The deposits of Treasury Hill are notably free 
from base metals ; and it seems to me that in their present form they most be ane to 
a secondary action, which has concentrated and recombined the metallic elements of 

> See volnme pn * Mining Industry of the United States Geological Exploration of tbe Vortietli 
Parallel.' 
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(Adefr depositi. It should be added, however, that nltliough the chlorides of Treasury 
Hill are as pure as those of lander Hill, they do not appear, like the latter, to yield 
in depth to such silver ores as characterize the fissure-veins of Reese-river district 
— ruby-silver, for instance. Nor are they fissure-veins, so far ns we can now decide. 

To the tertiary period of orographicai disturbance are referred the volcanic over- 
flows and the veins wholly or partly inclosed in volcanic rocks. Under this head 
Mr. King classes many important veins of Mexico, several of those which border 
Colorado river in the United States, and, in general, that zone which lies along tlio 
eastern base of the Sierra Nevada. The Comstock lode is adduced as tli(‘ nicest pro- 
minent example of this type, and the Owyhee district in Idaho is also refc'rred to it, 
because, although in granite, it presents a series of volcanic dykes, which appear to 
prove, by the manner of their intersections with the quartz lodes, that the latter are 
of tertiary origin. It will be seen that although the extent and number of the de- 
posits of this class are inferior to those of the earlier period, they include some of the 
most brilliant instances in the history of mining. As Mr. King, however, points 
out, many of the veins which are wholly inclosed in the okh'r rocks may never- 
theless be due to this later period of disturbance. Nor does he ignore the bearing 
of this thought on his determination of the early period as Jurassic, Tie confesses 
that in more recent strata, formed from clchi'is of Jurassic rocks, ore-bearing jiL'bblcs 
have not l>een found; but he regards this fact as a piece of negative evidence merely. 

The distribution of mineral deposits east of the I\(K*ky mountains follows somewhat 
different law's. Here we have but one longitudinal range, that of the Allegluinles, 
which is accompanied hy a gold-bearing zone of irregular (‘xtont and value. In the 
Southern States tlie strata flanking thi.^: range present a rt markable variety of mineral 
deposits. On the eastern slope of the Tiocky mountains, .again, occurs whrit may 
perhaps be denominated a zone or longitudinal series of coal-flelds, lint betwi-en 
these mountitin boundaries the geological formations of llie coiitifry e]nst( r, as it wi re. 
around centres or basin.s. We have such a group in ]\ljchigaii. aiKitlier in tin- ^liddle 
States, and a third in the South-west. 

The deposits of the different metals, ores, and useful minerals, in tin* cfuiiiirv east 
of the Rocky mountains, varj’ widely in age. The ores of gold, copper, and iron, in 
the pre-Silurian schists of the south; th<' galena and co1>alt ores of the soutli-west. and 
the copper ores of Lake Superior, in the lower Silurian rock.x ; the argillaceous irwii 
ores of New York, and other 8tale.< west of New York, in iIjC up]>er Silurian, and tlio 
salines of the same group; the bitumen, salt. co.aJ. and iron ores of the Subcarbiii- 
iferous ; the coal and iron of the Carboniferous ; the c(»al. eop]*er, and bar^ to (d' iht' 
Triassic ; the lignites of the Cretaceous; and llie fo.'Jsil j'liosjbales of tlieTrriiarv 
period; are instances whicli may sen'e to show liow' gmal is tliis variety. It is nf>t 
witliin the province of this paper to discuss the mineral dt'posits of the Missisj^i]')^! 
basin, the Appalachian chain, or the Atlantic coast. J slmll coiJeut mysilf with 
brief mention of two points. The first is the greater relative age of the meUilliterous 
deposits as compared with those of the inland basin .and tht* Taeifie slope. On this 
side the period of greatest activity in such formations was fwor before it began in liie 
west. The great gold and silver deposits beyond the Koe-ky mountain.^ aj'pc.ii- to ho 
post-Devonian, post- Jurassic, and (ven J'ertiary in their origin. Tlie vast Aohaiiic 
activity which affected so wide an area*in California, Oregon. Washinglon, Idaho, ,aad 
Nevada, is not represented in the east . 

The other point is the peculiar relative position of our cf);il and iron dcjMivit.s. 
This was eloquently describi^ by Mr. Abmms Hewitt. United States Conimi-siom r 
to tlie Palis ^position, in bis admirable review of the iron aiid stt ei industry of the 
W'orld. I cannot do better than quote his forcible words ; — 

‘The position of the coal-measures of the United StaUs suggest.- tin idea of a 
gigantic bowl filled witli treasure, the outer rim of whieh skirts along the Alloniii- t'» 
Uie Gulf of Mexico, and thence, returning by the jJains which lie at the easurn ha-c 
of the Rocky mountains, passes by the gre^at lakes to the place of iK-gianing. on tlje 
borders of Pennsylvania and New York. Tlie rim of the basin is tilled with e.xha list- 
less storoi of iron ores of every variety, and of the ]x*st quality. Jn seeking the 
natural channels of water-communication, whether on the north, en.-^t, south, (u- w<sl, 
the coal must cut this metalliferous rim ; and, in its turn, the iron ore may be earried 
back to the coal, to be used in conjunction with the carboniferous ore.s, w hicJi are 
quite as abundant in the United States as tlieyare in England, )>ut Idtiierto have 
been left unwrongbt, in consequence of the cheaper rate of prcHuiring the richer ores 
the rim of the basin. Along the Atlantic slope, in the liighland range, from the 
borders of the Hudson river to the state of Georgia, a distance of 1,000 miles, is 
found the great ma^edc range, traversing seven entire States in its lengU: and 
Pamllel wiw this, in the great limestone valley which lii^.s along the margiu 
of the ooal-^ld, are the brown haematites, in such quantities at some points, espe- 
ciilly in Viigiiiia, Tennessee, and Alabama, as to fairly stagger the imagination. 
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And, finally, in the coal -basin is a stratum of rod fossiliferous ore, beginning in a 
oomparntivoly thin soam in the state of New York, and terminating in the state of 
Alabama, in a bed 15 fec.'t in thickness, over which the horseman may ride for more 
than 100 miles. Westward, in Arkansas and Missouri, i.s- reached that wonderful 
range of rod oxide of iron, which, in mountains rising hundreds of feet above the sur- 
face, or in bods benevatli tlnj soil, culminates at Lake Superior in deposits of ore which 
excite tlie wonder of all beholders ; and returning thence to the Atlantic slope, in the 
Adirondneks of New York, is a vast, undeveloped region, watered by rivers whose 
b(‘ds are of iron, and traver.'^cd bj’’ mountains whoso foundations are laid upon the 
same material. In ami ;imong the coal-beds Ihcnisolve.s are found scattered deposits 
ol‘ Inematite and fossiliferous ores, which, by thoir proximity to the coal, have in- 
augurated the -iron industry of our day.* 

Mines of Ar.sTUALi.\. 

Victoria is essentially a gold-producing colony, extensive mining operations having 
for many years heen systematically carried on not only in the alluvial drifts and deep 
‘ leads,’ l)ut also in tlie auriferous quartz-reefs which course through lower Silurian rocks. 
Silver ores hav(‘ been worked by the St. Ariuiud Silver Mines Company. Stream-tin, 
in the form of ‘ black-Siind, ' is frequently found in connection with the alluvial gold, 
a 11 1 veins of tin ore h.n-e also boon discovered. Copper and lead, though found in 
tlie colonv, are not almndant; nor is the iron w'orked, although in the form of 
litaniferous Inm-saml it enjoys a wide distribution. Mining for coal has been 
attempted at We.«tern Port, Cape Otway, and at some other localities; but a Board 
recently appointiid to enquire into the coal-producing resources of the colony have 
ri'pnrted unfavourably. A thick deposit of lignite has been worked at Lai Lai. 

South Aiistralia. is remarkably rich in copper, the Burra Burra mines being cele- 
brated for their jiroduction of malachite, or green carhonate. Several copper mines 
are also established on Yorke’s T’l-ninsula, and a.re notable for yielding the oxychloride 
of co{']>er, uv afacamifr. Among the principal copper mines maybe mentioned the 
Wallaroo, the Kapunda and IMoonta mines. The colony also po.sses.ses magnifieont 
iron ori'S in the form of magnetite and red and brown liiematite, but they are not yet 
worh'-d to any (extent. (loKl. silver, atul bi.smuth, are to bo mentioned among the 
nsi t'til minerals cf ."^outli Australia. 

Jn .\' \v South Wale:^ coal-measures arc worked at Newcastle, Wollongaiig, and 
llaitb-y. Oil->li:il< s are also wrought at some of these localitit'S, and distilled for 
sak<' of lilt! kt.-rosim* oil which tliey yield. Tlie inin of the colony is not yet largely 
uoi'keil. Copper mines are opeiieil up to a limitetl extiiiit, and gold mining is not 
iieg!ect.i*d. Valuable do})osit<!i of tin ore wort! di.se' 'vered in the Northern districts of 
tlie colony in 1870, and art! kiing act ively dev- lt»pe 1. Tlio tin extends into the ad- 
jact tit eoloriy of Queensland. 

llucensland i.s rich in coal, some of which rqtpears to hoof palaeozoic and some of 
mesozoic age. Gobi is worked ]»oth in reefs and in alluvial deposits. Copper ores 
.'.re mined at P<‘aks Down and Mount IVrry ; :ind the iron ores have recently received 
atteiiliuii, wdiilst the iliscovery of tin is being eagerly followed up by the miner. 
Air ite.s, clirysoj'rase, and ojial must also be eiiiimorated among the mineral products 
"t t iiis col'uiy, 

In Tasmania li'i ore has recently been worked in the neighbourhood of Mount 
Ibseliotf. Coal uv-curs on the Aiersey river ami elsewhere ; some of the Tasmanian 
C'>.'il is I'itumiiious, ami som.’ .a ntliracitic, whilst other varieties are merely lignite. 
A jieculiar bituniin'iiis .Mibstaiu-e, known as Tiismanitc, occurs on the Alersey. 

Ni!W Zealand is rich in niiiioral wealth. Gold ha.s been successfully worked in 
some parts of tlie colo.iy, ::s at the Thames gobl-fiolds. Bituminous coal occurs in 
the rukawan coal-lulil, whilst lignite is widely distributed in the North and Aliddle 
islands, and i.s often assiH‘iat<sl with a fossil ^\\m ov rduiitc. Copper ores occur in 
the serpentine of the Dunn ^lonntain, ami titaiiiferous iron-sand skirts the shore of 
d'aranaki. Among tlie otlnr mineral products maybe mentioned chrome iron ore, 
arscuic, graphite, and jade. 


On some oTur.it i.i'ss known AIine Countries. 

The islambs of Cyprus and Nogropont, in the Mediterranean, were celebrated, in 
forimu* times, for theii* copper mines ; and .scviTal islands of the Archipelago presented 
gold mines, now abamloiied. The same thing may be said of Macedonia and Thrace. 
The mountains of Servia and Alljania contain iron mines ; and lead mines occur in 
Servia, and the adjacent provinces of European Turkey. The silver mines of Lanrium, 
in Attica, used in early times to form a most important source of revenue to Athens. 
The.so tire now being piirtially reworked. Mines of silver ore, with galenOf are still 
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worMat Eeban Ij^en and Ghumush Klianeli in Asia Minor ; whilst that of copper at 
Aighaneh Madeni in the Tanros, yields a largo supply of the ores of tliat metal, which 
are refined at Tocat Some also occur in Arabia and in Persia ; and in the territories 
round the Caucasus. Persia has mines of argentiferous lead a few leagues from 
Isj^han ; and Natolia, or Asia Minor, furnishes orpiment and chrome iron ore. 

xliibet passes for being rich in gold and silver mines. China produces a great 
quantity of iron and mercury. Tlie copper mines of this empire lie principally in the 
province of Yu-Nan and the island Formosa. Japan, likewise, possesses copper mines 
in the pro^nces of Kjjunack and Sarunga. They seem to be abundant ; and arc now 
being explored. Japan presents, moreover, mines of quicksilver, also mines of gold, 
silver, tin, red sulphide of arsenic, &c. But in China, as in Europe, coal is the most 
important of the mining products. Tliis combustible is explored, especially in the 
environs of Pekin, and in the northern parts of the empire. See Coal. 

Iron mines exist in several points of the Biirman empire, and of Hindostan. Near 
Madras, there exist excellent ores of sparry iron, and black oxide, analogous to the 
Swedish ores. The islands of Macassiir. Borneo, and Timor, include co}'peT mines. 
The tin obtained from the islands of Banca and Billiton, and from tlit‘ peninsula 
. of Mjilacca. and sevenil other points of Southern Asia, proceeds entirr ly from the 
washing of sand.s. The same is nndonbtedly true of the gold furnished ly tlie 
Philippine Isles, Bonieo, &c. It appears, how(‘ver, that mines of gold and silver are 
worked in the island of Sumatra, 

In Africa, large quant itic.^ of gold are washed ly the iintivcs from the .Mlhiviiiin. 
Some interest has recently been excited by the discovery of gold-fields in South Africa, 
near tlie frontier of the Transvaal BepuMic. 

Near the Cape of Good Hope, in Nanuiqualand. numerous indications of copper ore 
ore met with, which, in a few instances only, have led to the op<'ning of remunerative 
mines. At Bembi, near Ambriz. a ]»owerful vein of malachite has been rudely workid 
by the negro chiefs, and is now leased to an English company ly tin* Portuguese Govern- 
ment. It is asserted that a great deal of copper exists in Ahv8.sinia. On the l.anks of 
the Senegal, the Moors and tlie Pouls fiibrieate iron in travelling forge.s, Tln-y employ 
as the ore the richest portions of u ferruginous sandstone, wliieh seems to be a very 
modern formation. Morocco appears to contain f)res of various metals ; and AlgoTi.i. 
since it has been in the liancls of the French, has given rise to active explorations, 
among which may especially l>e mcntioiKd the copjter mines of Tenes. 

For a description of the South Africjin diamond mines, see J)i.\mond. 

Mixes of thk CAi.(ARF:ors Movxtains oi Escii.A.Nn. 

The limestone formation immediately subjacent to the coal-measures, or the car- 
boniferous limestone, constitutes almost alone several mountainous regions of Ihighind 
and Wales; in which three districts very rich in lead mines deserve to be noted. 

The first of these districts, Alston Moor, comprehends the upper parts of the valleys 
of the l^c, the Wear, and the Tees, in the eountie.s of Cumberland, Durham. ;ind 
York. Ite principal mines are situated near the small town of Alston, in Cumberland. 
The veins of galena which form tlie object of the workings, traverse alternat(‘ beds 
of limestone, shale, and sandstone; and are very remarkable for their becoming 
suddenly thin and imjwverished on passing from the limestone into the shah.' or sand- 
stone; and for resuming their richness, and usual size, on returning into the lime- 
stone. The exploitations are situated in the fianks of considerably high hills, bare of 
wood, and almost wholly covered with marshy heaths. Tlio waters art' drawn ofi' by 
long adit-levels; and the ores are dragged out ly horses to tlie day. I’he galena (x- 
tracted from thc«e mines is smelted by means of coal and a little peat, in furnaces qf 
Scotoh construction. The lead is very poor in silver; but most of it is now treated 
by the Pattinson process. The mines of this district prf)duco annually about 2/). 000 
tons of lead. Copper ores have been raised, although not in large quantity, from a 
veiy strong vein, containing chiefly iron pyrites .and some galena, about six miles 
south-west of Alston. 

This renonis bounded by the Cross Fell Kinge on the west, and extend.^ Si>uth- 
ward to the Yor^hiro valleys of Swalodale, Arkendale, &c., to Grassinglon. where 
numsfous lead mines are worked under very similar circumstances. 7’he Vorkshiro 
miues yielded in 1866, 8,986 tons of load. 

The s^nd metalliferous district lies in the northern part of Deri ysli ire, and in the 
^terminous parts of the neighbouring counties. The districts called the FeJik and 
King’s-Field are the richest in workable deposits. The mines of Derbyshire are 
8 ?atting exhaufted; they are very numerous, but in general inconsiderable. The 
fiWna extracted from them is treated with coal in reverberatory furnaces; but tho 
•uvw 18 TeiyimaU in quantity. They yield annually 6,000 tons of lead; with a 
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certain quantity of calamino, and a little copper ore. At Ecton, in North Staffordshire, 
a remarkably rich copper mine vras worked in the last century, at the intersection of 
several veins, in the midst of very contorted beds of grey and black limestone. 

'Fho veins of both the above districts are noted for the beauty of the fluor, calc- 
sp.‘ir, and other crystallised minerals accompanying the galena; and those of Derby- 
shire, also, for the thinning or partial interruption which they suffer in crossing the 
‘toaclstono,’ a rock of igneous origin, which is interstratified with the limestone. 
Besides the lodes or ‘ rake-veins,’ the less normal forms of repository termed ‘flats* 
and ‘ pipe-veins ’ yield in both these districts largo amounts of ore. 

The ihird metalliferous district is situated in Flintshire and Denbighshire, counties 
fornjing the N.E. part of Wales. Next to Alston Moor this is the most productive ; 
furnishing annually nearly 6,000 tons of lead, and a certain quantity of calamine. The 
gal (Mia is smelted in reverberatory furnaces, and affirds a lead far from rich in silver, 
M hicli was therefore seldom subjected to cupelhition, until the introduction of Pattin- 
son's process of desilvorising. The lodes, coursing F. and W., arc intersected by 
S(M'eral groat cross veins, which may be traced for many miles, and only exceptionally 
yield ore. None of the lead veins appear to bo prolonged into the subjacent slate 
ro.'ks. At the Orme’s Head, cupriferous veins have also been worked in the limestone, 

.Mines of galena and calamino have, from a very early period, been worked in the 
Mendip Hills, to the south of Bristol, but are now almost entirely idle. 

Ih'sides tlio mot^illic mines just enumerated, the formation of the metalliferous lime- 
si one ]ircs(‘nts, in England, especially in the counties of Northumberland and Cumber- 
land, scams of coal, generally very thin and anthracitic. Far more important are the 
red anvl brown oxides of iron, which this formation yields in vast quantity; the brown 
(•re in beds and veins in Alston Moor; haematite of the richest kind, in irregular 
deposits, near Whitehaven, Cumberland, and at Ulverstone, Ijancashiro ; in less im- 
portant repositories in Derbyshire, Flintshire, and on the flanks of the Mendip Hills ; 
and, lastly, excellent brown peroxide in the upper limestone environing the Forest of 
I)ean,w’here it occupies a series of devious caverns and holes lying more or less in the 
same i>lano. Appearances of the same kind, but on a smaller scale, fringe the southern 
^idc (jf the South Welsh coal-field. 

AIiXKS ok TIIK LATKR BoCK FijRMAT JON'S. 

The most important mines of what used to be termed, in the earlier days of geology, 
the Secondary r(K'ks, and perhaps of all mineral formations whatsoever, are those 
work(rd in the most ancient strata <»f that division, in the coal-measures. Since, how- 
ever. tht! organic contents of the rocks have been more fully studied and compared, 
tlu5 coal-nu'asun's have bet'ii classed with the Palaeozoic systems, and that supposcjd 
line of demareatirjn between them and the older strata already treated of, can only be 
retained as a matter of convenience, and as marking in most countries a great change 
in tli(‘ character of the mineral contents as wo ascend in the geological scale. 

The British islands, France and Germany, frequently present ranges of the older 
rocks, upon the flanks of whieli, .‘sometimes urioon forma bly, repose tlie deposits of call. 
The ])rincipal of these have become great centres of manufacture; for Newcastle, 
Birniiiighaiii, Glasgow, Sheffield, Sr. Etienne, &c., owe their prosperity and tlieir 
rapid enlargement to the coal raised as it were at their gates in enormous quantities. 
LancashirtJ, Wales. Belgium, and Silesia, owe ctjually to their extensive collieries a 
great ]M)nioii of their activity, tluir wealth, and their j'Hipulation. Other coiil dis- 
tricts, less ricli. or mined on a less extensive scale, have procured for their inhabitants 
less distinguished, but by no niean.s inconsidemble, advantages ; such, for example, iii 
Great Britain, are r)er!'\>hin*, Chesliire. Shrop.-^hiro, Warwickshire, the environs of 
Bristol, &c. ; stJiiic parts of Ireland ; in France, Litry, department of Calvados, 
(’omanteric, Alais, lo Creuzot, &c. ; in Rhine Prussia, Saarbriick, and^ Westphalia ; 
Jind several localities in Saxony, Boliemia, Spain, Portugal, the United States, &c. 

We need not enter hero into ampler details on coalmines; these particulars are 
givtMi in the article Goal. 

Nature has frequently deffosited close to the coal, an ore, whose intrinsic value alone 
is Very small, but whose abundance in the neighbourhood of fuel becomes extremely 
precious to man; w'e allude to the clay-i roust one of the coal-measures. It is ex- 
tractiid in enormous quantitit's from the coal-fields of Scotland, Yorkshire, Stafiford- 
sliirf*, Shropshire, aiul South Wales. Much of it is also raised from the co^-strata of 
Silesia and of Westphalia, but few coal-fields appear to bo entirely deficient of it. 
The iron works of Englaml, which are suppliecl in groat part from this ironstone 
reduced with coku of coal, pour annually into commerce six millions and a half 
tons of pig iron. 

The shale, or slate-clay, of the coal-measures contains sometimes a very large qnan- 



294 


MINES 


tity of pyrites, irhioh decomposinp: i)y the action of the nir, with or without artificial 
beatk prodaces sulphate of iron, and sulphate of alumina, wlieuce copperas and alum 

are manafactaied in great abundance. 

The calcareous formation which surmounts tlio coal-moasures, called by gooloc^isls 
magnesian limestone, and older Alpine limestone, contains diffl'rent deposits 
of metallic ores ; the most celebrated being the cupreous schist of ISlansfeld, a stratum 
calcareous slate, from a few inches to 2 feet thick, coutainiug copper pyrit es 
in sufficient quantity to afford 2 }>er cent, of the weight of the ore of an firgent iferons 
copper. This thin layer displays itself in the north of (Tcrmaiiy over a lengtli of eiglity 
l^ues, from the shores of the Elbe to the banks of the Kbin'e. Notwithstanding its 
thinness and relative j>ovorty, skilful miners have contrived to est^iblish, on difforont 
points of tins slate, a number of important explorations, the most eonsidernble beiTig 
in the territory of hlansfeld, particularly near Kothenbiirg. They produce annually 
2,000 tons of copper, and 20,000 marcs of silver. We may also mention those of 
Hessia, situated near Frankenberg. Bieber, and Riegelsdorf. In the lattir, the 
cupreous schist and its accompanying strata rire traversed by veins of cobalt, mined 
by the same system of underground workings as the schist, ^riieso r)j)era1ions are 
considerable; they extend, in the direction of llie strata, through .a lengtli of S.700 
yards, and penetrate downwards to .a very great depth. Three galh-rii-s of etllnx are 
to be observed ; two of wliich pour their waters into the I'ulde, and the third into the 
"N erra. These mines have been in activity' since the year 1. '>30. Analogous mines 
exist naar Saalfeld in Thuringia. 

A veiy remarkable deposit of tlie s.^nie period, whence geologists have givi-u tliis 
formation the name of Permian, occurs in the Jvu.ssi;in government of Perm, tlie sand- 
stones containing disseminated par:ie]es of copper ore. ehietlv in tlieform of carlional**. 
to the distance of 400 or oOO wtrsts from the chain of the (>iiral. Some of the thii-k 
^higgy grc}’ grits contain as much as 2.], per cent, of copper, .and tlie imperial z.ivo Is 
near Perm are stated to yield 260 tons annually from tln.‘-' s"tiive. 

To the same geological formation mu.st pr(»bably be referred tlie linn'siom wlii« h 
contains the spaxrj’ iron mine of Sidnnalkahlen al thi' western fnot of d'hurlngerwab!, 
whore there has been explore<l from lime immemorial .a eoie-i'ienible mass of tliis oiv. 
known by the name ol .Stn///V/'g. Tlie working has bun esev'ute 1 in tlie nio-t 
irregular manner, aij<i ha.s opened up enormous t xcav.ations : wlu nee disast rous • I'lOi-' 
have taken place in the mine.s. 


At Tarnowitz, 14 leagues S.E. of Opp; In in .Siberia, the zeehsicdn cont iins. in sonn* 
of its strata, considerable quantities of gabaia an<l e.ilamine ; into wliieli inhies h;i\e 
been opened, that yield annually from OhO to 700 tons of lead, 1.000 ti> 1,100 mares ef 
silver, and much calamine. Mines of a?*j^entiuT(>ns lead are not let d at (Mkuteli aiul 
JawornoinGallieia, about (I leagues N.F. of (Vaeow. and 13 leagues E.N.K. of larno- 
witz. From their position these have been referred to th' same jxriod. The in - 
portapt lead mines of A il Inch and IJleiberg in CarinUiia li.avt* l^een shown by the 
Austrian geologist to belong to a rather more reeenl formation, wliilst seviTiil minor 
lead-bearing localities of the stime ]>roYirie(^ occur ia the llallst ult liiuestone fl j'per 
Trias), and Gailthal limestone (wirlion iferons). 

There has been discovered near Coitjohn-s in the cle}j.'irtnj(‘nt of la ('Imrcutc, in .a 
s^ndary limestone, calcareous beds, and particularly sul.oriliM.ite lads of qu.-irtz, 
which contain considerable quantities of galon;i. Al h'uff'cic also, in the department 
ot deposits of galena, blende, and calamiiM' occur in a seeondarv limestone. At 

lo. loulte, on the banks of the Rlione, tliere is inined, in the lower courses of tlie lime- 
atones that constitute a great portion of t'ne department of the. Ardeclu*, a powerful 
l>©d of iron ore. 


It used to lie supposed that it is in the zeclisteii;, or ia the sand.slones .and trap ro’ks 
of nearly the sumo age, that the four great de) ()sits of tlie sulpliuret of meivury, of 
JiTiOf tho JPedatinate^ Alnuidciu and Hiuuicxtvdoo arc mined, but more r<*(*eiit ob,s( r- 
vations would place some of them, at least, in rocks contemporaneous with the coal- 

measures. See Mercury. 

Tlicformation which separates the 7Aclistem from the Uan (vahmirc ii qri/phitcs), called 
New Bed Sandstone and Ked3Iarl in England, and Bunter-mndstcin, 'M'u,sche.!kalk. and 
pi«8ents hardly any important mine.s exta pt tho.se of rock-s;i]t ; 
in Cheshire, and in many parts of continental Euro]»e. The mi m s 
^ * lormatioD somewhat higher, and those of Wieliezka, Boclmia 
of Tran^lTEuia, as well as of Cardona in .Spain, are of Tertiary dau*. Tlio 
cyt^bearing sandstones of Alderley Edye, in Cheshire, are of 'J'riiis.sic age, and at 
Prussia, galena is worked in a conglomcrule belonging to the 

Ihe lias often contains very pyritoue lignites and shales, which are inined in inany 
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places, and particularly at Whitby and Guisborough in Yorkshire, for the manufuc* 
turo of alum and copperas. 

Within the last few years, most important beds of stratified iron ore have been 
worked ill the marlstone, or middle lias in Cleveland, in the north of Yorkshire. 

.Strut, a of iron ore also occur in the overlying oolitic limestones, in Yorkshire, Nor- 
thaniptonsliire, and other parts of England. The same formations have in France 
long l.teeii noterl for the supply of largo quantities of iron ore. 

TIio Lower Greensand beneath the chalk formation is often so strongly imbued with 
iron as to huTo led in former times to extensive mining operations and iron smelting in 
t lie .south-eastern pa rt of England. Since the general introduction of railways, attempts 
have again been made to utilise those iron deposits. 

The lowest beds of the chalk contain iron pyrites, which has become the object of 
an important exploration at Vlsmns, on the southern coast of thd Pas-de-Calais, where 
it is converted into sulphate of iron. The waves turn the nodules out of their bed, 
and roll them on the shore, where they are picked up. 

It tlie chalk bo poor in useful minerals, tliis i.s not the case with the tertiary 
formation above it; for it contains important mines. In it are explored numerous 
beds of lignite (wood-coal'), and from some of these lignite deposits, also, yellow amber 
is ( xt racted. Tlio iron mines of the north-east of Ireland, previously noticed, are in 
(]•’]'( (sits of basalt of miocene age. 

'flu* other tertiary formations present merely a foxv mines of sulphur, of iron and 
bil iinu'ii ; but it must here again be remarked, that many of the secondary, and even of 
till- tertiary strata have in certain countries been subjected to motamorphic action, of 
such a nature as to luivo led to their being chussed with the older rocks ; and thus 
some of the metalliferous formations of the east of Europe and of South America, 
although still somewhat obscure, ought ■without doubt in strictness to be classified 
with liiese more recent, de})osits. 

.'>t!veral of the secondary or tertiary strata contiin deposits of sulphur, which are 
milled in various countries. 

The formations of a decidedly volcanic origin atFord but few mining materials, if 
we except sulphur, alum, and opals. 


of thk Ali.vvial St kata. 

This formation contains very important mines, since from it are extracted all the, 
diamonds, and almo.st all the; ]iivcious sLone.s, the platinum, and the greatest part of the 
gold, with a con.-ideralile portion of the tin. Tlio iliamond mines are confined nearly 
to Lrazil, and to the kingdoms of Golconda and Tisapour in the East Indies. The 
Soiitli-.Vfricaii diamonds are found partly in riYcr-bed.s, and partly in ‘dry digging.s.’ 
.^1*0 Diamond. 

The tiu-slrcam works of Cornwall, Bohemia, and the East Indies, and the gold- 
M'ashings. phiccrs, or ‘diggings’ of ^^iberia, Borneo, California, and Australia, 
belong to beds of alluvium or drift, irregularly deposited over the older formations. 
.SeeGoi.n; Tin. 

XUnrafC. .As tlii^ ojaTatioiis of mining vary with the conditions of the rock- 
formations, in M'hich the minerals sought for by the miner occur, it is necessary to 
give a brief de.scripnoii of the more especially marked distinctions which are seen in 
our gcnlogieal form.-itions. 

Geologists divide rocks into .<lratifut1 atid nnstratijial. Those mineral systems, 
wliich eoiisi.st of paralb I, or ne.irly parallel planes, -whose length and breadth greatly 
( \eeed tlieir thiekijess, are called siratijicd rocks ; while to those which occur in thick 
blocks, and which do not exhibit those parallel planes, the term of unstratified rocks 
IS iipplied. These furmatious have been divided into two other classes, namely, the 
Itrinniry and tlie secundury. The advances of geological sciimce. however, and more 
nccuraic information, have materially niovUtied tlio views w’hich gave rise to those 
divisions ; and w’heii nit-n have learned to look on great natural phenomena without 
th(i interposition of the medium of .some favourite theory, 11101*0 is but little doubt 
the interpretation will be somewhat different from even tliat which is now received. 

A certain set of rex^ks maybe ela.'ised as of truly igneous origin. These Me the 
traps, basalt, and the like. These Iiuve often been termed primaiy rocks. Yet we 
liavo rocks of t his class, not merely forcing their way through the superincumbent 
and more recent ixicks, but actually 'ovrrflowing them; they in many cases, therefore, 
are much more recent than the secoudarv rocks. Granite has commonly been classed 
as a truly igneous rock ; but facts have lately been developed which show, at all 
events, the combi m^d action of water. See GkanIte. ^ 

Granite is usually classed with the unstratified rocks ; but the eceUou of any, 
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gmnite quarry will exhibit very distinct lines, conforming, more or less, to the hori- 
sontal'-’kQOwn to the quanymen as the hedvoay — which would appear almost sufficient 
to place those rocks for certain purposes amongst the stnitilied ones. 

It is commonly stated that the iinstratifled rocks possess a nearly vertical position, 
the stratified roi^ assuming more nearty a horizoiitol one. There are numerous 
examples adverse to this view ; indeed, it must he regarded as a hasty generalisation 
— ^the bedway of the granite approaching very nearly to the horizontal, while wo 
often find the truly stratified rocks in a vertical position. 

Where the older rocks graduate down into the plains, rocks of an intermedialc 
character appear, which, thongli possessing a nearly vertical position, like the unstra- 
tified and non -fossil iferous rocks, contain a few vestiges of animal beings. These 
were formerly called transit im, to indicate their being the passing links between 
the first and second systems of ancient deposits; some of them arc distinguished 
by their fractured and cemented texture, for which reason they are sometimes calhul 
conglomerate. These transition rocks form part of the rafcpozoic series of modern 
geologists. 

Between the older and t he secondary rocks, another very ^’aluable scries is infiT- 
posed in certain districts of the globe ; namely, the coal-mwisures, the paramount 
formation of Great Britain. The coal-strata are frequently disposed in a basin-form, 
and alternate with parallel beds of sandstone, slate-clay, irom^ne, and occasionally 
of limestone. 

As a practical rule it maybe here stated that, in every mineral formation, the 
inclination and direction are to be noted ; the former being the angle which it forms 
with tlie horizon, the latter the point of the azimuth or horizon towards which it dips, 
as west, north-east, south, Ac. The direction of a bed is that of a horizontal line 
drawn in its plane; and which is also denoted by the point of the compass. Since 
the lines of direction and inclination are at right angles to eacJi other, the first mny 
always be inferred from the second ; for when a stratum is said to dip to tlic cast or 
west, this implies that its direction is north and south. 

The following terms have been used to express dissimilar conditions in mineral 
deposits, well known to the practical miner. 

Masses are mineral deposits, not extcnsividy spread in parallel planes, but, irregular 
heaps, rounded, oval, or angular, envelo})ed in whole or in a great mcasuro Viy rocks 
of a different kind. Lenticular masses, being frequently plac(‘d Ix'twcfti two liori- 
zontal or inclined strata, have been sometimes supposed to be stratiform tlicmsclvcs, 
and have been accordingly denominated by the Germans liegmde Stoclxi, Igbuf-hraps, 
or hlocl's. 

Tlie orbicular masses often occur in the interior of unstrntified imaintains, or in tlic 
lx)Bomof one bed. These frequently indicate pre-existing cavernous spaci s, which ha\ e 
been filled in with metalliferous or mineral matter. 

Kests. Concretirms, or ^Vidulcs, are small musses found in tin* middle of straUi ; the 
first being commonly in a friable state ; the second often kidney-shaped, or tuberou> ; 
the third nearly round and encrusted, like the kernel of an almond. 

Lodes, or Veins, are fiattened masses, with their opyK)site surfaces not always paralb l. 
These sometimes terminate like ti w’edge, at a greater or less distiinec. and do not run 
parallel with the rocky strata in which they lie, but cross them in a direction not far 
from the perpendicular ; often traversing several different mineral planes. The /ot/rs 
are sometimes deranged in their course. as to pursue for a ruile, way tlu' s]»aee 
Wtween two contiguous strata: sit otlnr limes tiny <livido into several brancln >. 
The matter which fills the lodes is for the mo.Ht pan entirely difierent from the rocks 
tb^ pass throngh, or at least it possesses peculiar fe.;itures. 

This mode of occurrence suggests the idea of ch;fts or rents having been made in 
the stratum posterior to its consolidation, and of the vacuities having been filled u it li 
fbreign matter, either immediately or after a certain interval. There Ciin be no tlou1/i 
as to the justice of the first part of the proposition, for there may bo observed round 
many lodes undeniable proofs of the movement or dislocation of tlie rock ; for ex- 
ample, upon each side of the rent, the same strata are no longer situated in the .same 
plane as befiore, but make greater or smaller angles with it ; or the stratum upon (*nu 
side of the lode is raised considerably above, or depressed considerably below. it.s 
couoteMart upon the other side. With reg^ to the manner in winch tlie rent has 
been filled, difibreut opinions may be enterteined. In the lodes which are w’ide.st near 
the surface of the ground, and graduate into a thin wedge below', the foreign matter 
would seem to have been introduced as into a funnel at the top, and to have curried 
along with it portions of rounded gravel, and sometimes, though rarely, organic ro- 
mahui. In other, but very exoeptioiial, cases, lodes are largest at their under part, 
aid be come mrogreMively narrower as they approach the surfiice. From this cir- 
fiBlMUmei, it has beau inferred that the rent has been caused by an expansive force 
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acting from withixl the earth ; and that the foreign matter, having been in a fluid 
state, has afterwards slowly crystallised. Accurate observation shows that in the large 
majority of cases the metalliferous deposits are of aqueous, and not of igneous origin. 

In the lodes, the principal matters which fill them are to be distinguished from the 
accessory substances ; the latter being distributed irregularly, amidst the mass of the 
first, in crj'stals, nodules, grains, seams, &c. The non-metalliferous portion, which is 
often the largest, is called gangue, from the German Gang, vein. The ^sition of a 
vein is denoted, like that of the stratum, by the angle* of inclination, and the point of 
the horizon towards which it dips, whence the direction is deduced. In popular lan- 
guage a lode may be described to be a crack or fissure, such as is formed in the drying 
of a pasty mass, extending over a considerable extent of country, and penetrating to a 
great depth into the e^irth. 

A metalliferous substance is said to bo disseminated when it is dispersed in crystals, 
spangles, scales, globules, &c., through a large mineral mass. Tin is not unfrequently 
tlius disseminated through granite and clay-slate rwks. 

Certain ores which contain the metals most indispensable to human necessities, 
h;ive been treasurtid up by the Creator in very bountiful deposits ; constituting 
either gresit masses in rocks of different kinds, or distributed in lodes, veins, nests, 
concretions, or beds with stony and ejirthy admixtures; the whole of which become 
the ol)je(!ts of mineral exploration. These stores occur in different steges of the 
gf'ological formations ; but their main portion, after having existed abundantly in 
the seveml orders of the older strata, cease to be found towards tlie middle of 
the secondary rocks. Iron ores are, with a few exceptional cases, the only ones 
which continue among the more modern deposits, even so high as the beds imme- 
diately beneath the chalk, when they exist almost entirely as colouring-matters of 
the tertiary beds. 

Granite, gneiss, mien, and clay-slate, constitute in Europe the grand metallic 
domain. There is hardly any kind of ore which does nob occur in these in sufficient 
alfiindancc to become the object of mining operations, and maTiy are found in no 
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other rocks. The transition nx'ks, and the lower part of the secondary ones, are 
not so rich, neither do tliey contain the same variety of ores. But this order of 
things, which is presented by Great Britain, Germany, France, Sweden, and Norway, 
is far from forming a general law ; since in equinoctial America the gneiss is bat 
little metalliferous; while the superior strata, such as the day-schists, the svenitic por- 
phjries, the limestones, which complete the transition series, as also sevena oaeonoBiy 
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deposits, indude the greater portion of the immense mineral wealth of that region of 
the 

Ail the sobstances of which the ordinary metals form the basis, are not equally 
abundant in nature ; a great proportion of the numerous mineral species whieh figure 
in our claadfications arc mere varieties scattered up and down in tlio cavities of the 
great masses or lodes. The workable ores are few in number, being mostly sulpliidor-, 
oxides, and carbonates. Tliese occasionally form of tljemselres very* large masses, 
but more frequently they are blended with lumps of quartz, felspar, and carbonate of 
lime, which form the main body of the deposit. The ores in that case are arranged 
in small layers parallel to the strata, or in small veins which traverse the rock in all 
directions, or in nests or concretions stationed irregularly, or finally disseininated in 
liardly -visible particles. Tlu'se deposits sometimes contain only one species of ore, 
sometimes several, which must bo mined together, as they seem to be of conlempora- 
neous formation; whilst in other cases they are separable, having been ])rul>alJy 
formed at different eixadis. 

In mining, as in anrhitccturo, the best rndhod of imparting instruction is to (lis]>l:iy 
the master-pieces of the respective arts. Jt is not so easy, however, to represent at 
once the general ctfocl of a mine as it is of an edifice: because there is no ]»oint of 
sight from whieh the former can be sketched at once, like the latter. TIio subterra- 
nean explorations certainlv afford some of the finest ex.anjples of the useful labours of 
man ; but, however curious and gnind in tliemsclves. they cannot la'come objects of a 
panoramic view. It is only by the lights of geometry and geology that mines can bo 
contemplated and survr 3 'ed. either as a whole or in their details ; and. therefore, 
these marvellous sul*terranean regions, in whieh roads are ent which, witli their 
sinuosities, extend at diflerent levels over many hundred miles, nro altogether un- 
known or disregarded by men of the world. Sliould any of thc>m. juTelianco, from 
curiosity or interest, descend into these dark rcct'sses of tin' eartli, they arc prepanfd 
to discover only Ji few insulated objects, which tiny may think strange er pttssibly 
hideous; but thiy cannot recog’nise either the synmjetrical dis]'Ositi(»n of mineral 
bodies, or the laws which govern geological jbenonieiia, and s( rve ns sure guides to 
the skilful miner in his adventurous search. Jt is only liy (xacl ]'lans and seetions of 
subterraneous workings, that a. knowledge of tlie nature, extent, and distrilnitiou of 
mineral wealth can be acquired. 

General Obsci'i'(tiion» on the of On's^ and on the Indication.^ if 

Metallic Mines. 

1. Tin rxi.sts in the primary ro<'ks. apparing cither in interlaced veins, in beds, 
as a constituent pirt of the rock itself, or in «listinct veins. Tin orr is found in allu- 
vial land, filling up low situations l*etween lofU' nriountains; ]»ut this tin (stream-tin) 
has l>een deriv^ from the older rocks of the neighbourhood. Si {• Tin. 

2. Gold occurs cither in bi*ds. or in veins, frequently’ in priinary rocks; though in 
other formations, and particularly in alluvial de}>o.sii.s,* it i.s also found. ^V)u n tlii.s 
metal exists in the bosom of primitiAe rocks it is particularly* in schists; it not 
found in serpentine, but it is met with in greywacke in Transylvania. Tlic gold ot 
alluvial districts, called stream-gold or phiccr-gohl, occurs, as well as alluvial tin, 
among the dShris of the more ancient rocks. See IJoi.n. 

3. saver is fouitd, particularly in veins and l»eds. in primitive' and transition 
formations; though some veins of this mdal (nviir in secondary str.ita. Tlic 
rocks richest in it are gneiss, mica-slate, clay-.‘.late, grcyw.aekc, and old alj'inc lina - 
stone. Localities of pilv<T ore itself arc not numerous, at least in iluntjn*, among 
secondary formations; but .silver occurs in combination witli the ores of capper (n* 
of lead. See Sjlvxb. 

4. Copper exists in the three mineral epoclns; 1, in primary' r<»cks princijtally in 
the state of copper pyrites, in lodes or veins; 2, in transition di.strieis. sometinjis in 
masses, usaaQy in veins of copper pyrites ; S, in s(*condary stnita, esi)eci;tlJy in heds ot 
cupreous schist The Kupferschiefer is, however, of palwozoic age, but co]ij*cr ores are 
also found in true secondary strata, as at Alderley i^ge. See Cop^ku. 

h. Ijtad ooenrs, also, in each of the three mineral epochs; abounding particularly 
in primary and transition grounds, where it usually con.stilutes lodes, ami occasion- 
ally Vieds of sulphide of lead (galena). The same ore. is found in strain or in veins 
among secondary rocks, associated now and then with o<*hrcoiis iron-oxide and cala- 
mine (carbonate of rinc); audit is sometimes disseminated in gi-ains through more 
recent strata. See Liat>. 

iroa is met with in four different mineral eras, but in difforint ores. Among 
pniuary rocks magnetic iron ore and sitccular iron ore occur ehiefiy in beds, sometimes 
of Mormons tixe; the ores of red or broivn oxide of iron (kcmatlfe) arc found 
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sometimes in veins, but occasionally in very large masses, both in primitive and tran- 
sition rocks ; as also sometimes in secondary strata ; but more frequently in the coal- 
inoasuro strata, as beds of clay- ironstone, or globular iron oxide, and carbonate of 
iron. In alluvial districts we find ores of clay-ironstono, granular iron ore, bog- 
ore, swamp ore, and meadow ore. The iron ores which belong to the primitive 
period have almost always the metjillic aspect, with a richness amounting to 75 per 
cent, of iron, while the ores in the ix).sterior formations become, in general more and 
more earthy, down to those in alluvial soils, some of which present the appearance of 
a common stone, and afford not more than 20 per cent, of metal, though its quality is 
often excellent. See Ikon. 

7. Mercury occurs principally among .secondary strata, in* disseminated masses, 
along with oombustiblo snl).stance.s ; though the meUl is met with occasionally in 
j»rimitAve countries. Set! iMimciTUV. 

8. Cobalt belongs to the three mineral epochs ; its most abundant deposits are 
veins in primary rocks ; small veins containing this mcbil are found, however, iu 
secondary strata. 

n. Autimfmy occurs in lod(‘S among tho ohh'r and transition rocks. 

10, 11. liiamuth and yi hl do not often constitute the predominating substance of 
any mineral deposits ; Init they commonly accompany cobalt. 

12. Zinc occurs in three several formations, namely ; as sulphide or blende, par- 
ticnlarly in primary and tr/insition rocks; as calamine, in secondary strata, usually 
along with oxide of iron, and sometimes with sulphide of lead. 

The study of tho mineral snbsbincos, called ganyves or vein-stonos, which usually 
accompany tho different ores, is indispensable in the investigation and working of 
mines. These gangura, such us quartz, calcareous spar, fluor spar, heavy spar, &c., 
and a great nundicr of smaller substances, although of small value in tliomselves, 
becomi' of great cousequenco to the miner, either in pointing out by their presence 
that r.f Certain useful minerals, or l)y characterising in tlicir sev(!ral associations 
different deposits of ores of whicli it may Ite possible to follow the traces, and to dis- 
criminati^ the relations, ofum of a complicated kind, provided wo obsurvo assiduously 
the accfimpaiiying gangias 

Annmg ihr indications of mineral deposils, some an* proximate, and others remote. 
'fiiM ]iru.\iniate art' an einon scfuicc, so to sp€?ak, of tho suljacent mebdlic masses ; 
tin- frequent occurrenccMtf fragments of particular ores, &c. Tho remote indications 
ei.iisist in the geological cliaracter, and in the nature of the rocks. From the examples 
previously adduced, marks of this kind .acquire uew importanco when, in a district 
susceptible of including deposits of workable ores, ga)igues or vein-stones are met 
with which usually accompany any particular metal. The general aspect of moun- 
tains whose flanks present gtmtlo .-.ad continuous slopes, tho frequency of sterile veins, 
the ]>resence (»f nioUilliterous sands, tho neigh l)Ourhood of .some kiioAvn locality of 
/in ore; but when ferruginous or cupreous waters issue from sands or chiys, such 
cliaracters merit in gorieiMl little attention, because tlie w’ater.s m:iy flow from /», givat 
di>tance. No grc/iter importanco can bo at.t;iched to met/illiferous sands and saline 
s}>rlng». 

In sjK*aking of remote indie/itions, we may remark th/it in several places, and p/ir- 
llcularly near i’lausthal in the Haitz, a cert/iin ore of oxide of iron occurs above 
the most abundant depo.sjts of tho ores of lead and silver; whence it has been 
n/imed by the tierni/ins tho iron-hut. It appears that the iron ore rich in silver, 
which is w'orked in Americ/i under the name of paco.s, h/is some analogy with tliis 
subsUnco ; but iron ore is iu geiiernl so plentifully diffused on tho surface of the 
soil that its preseuce can be regarded /is only a remote indication relative to other 
mineral substances, except in tbc ca.se of cbiy-ironstone with co/il. Tho gossans of 
Cornw/ill, occurring in the upper portions of lodes, are amilogous formations to tho 
visrrnc Hut of the Gcrm/iu miners. 

Alincr/il veins are subject to derangements iu their course, which are called shifts 
or faults. Thus, when a transverse vein throw's out, or intercepts, a longitudinal one, 
wo must commonly look for the rejected vein on tho side of the obtuse angle which 
the direction of the latter makc.s with that of tlio former. When a bed of ore is 
deranged liy /i fault, we must observe whether tlie slip of the strata be upwards or 
downwards ; for, in either circumstance, it is only by pursuing the direction of the 
f/iult thjit wo can recover the ore ; in the former case by mounting, in the latter by 
dc.scending beyond the clishH-ation. 

When two veins intersect each other, tho direction of the offcast is a subject of 
interest both to tho miner and the geologist. Iu Saxony it is considered as a general 
fact that Uio portion thrown out is always upon the side of the obtuse angle, a cir- 
cumstance which holds iilso in Cornwall ; and the more obtuse the angle, the out- 
throw is the more considonible. A vein may be thrown out on meeting another rein, 
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in a line whi(^ a^^roaches either towards its inclination or its diwction. The Cornish 
miners use two dtrorent terms to denote these two modes of rejection ; for the first 
case they say the rein is heaved, for the second it is started. 

The great copper lode of Carharaek {d, fig. 1447), in the parish of Gwennap, is an 
instructive example of intersection. The thickness 
of this rein is 8 feet ; its direction is nearly east 
and west, and it dips towards the north at an in- 
clination of 2 foot per fathom ; its upper part beinp: 
in the kUlas (a greenish clay-slate), its lower part 
in the granite. The lode has suffered two inter- 
sections ; the first produced hy meeting the vein //, 
called Stevens's fiuckan, which runs from north-Ai'est 
TO south-east^ and which throw’s the lode several 
fjjthoms out ; the second vein is produced by another 
rein, i, almost at right angles v ith the first, and which occasions another out-throAv 
of 20 fathoms to the right side. The fall of the vein occurs therefore in the one 
case to the right, and in the other to the left; hut in both it is towards the .‘‘i<le ot 
the obtuse angle. This distribution is rery singular, for one pari of the rein appears 
to hare mounted while the other has descended, n, .s, denotes north and south, d is 
the copper lode running east and west ; A, 2 , arc systems of clay-slatr veins cjilled 
fiuekans ; the line over s represents fin* downthrow', and d' the up-throw. 

There is a great want of exactness of expression in the terms used to describe the 
phenomena of dislocations. The foregoing paragraphs are strict ly according to the 
technical language of the miner, wl)o usually rcg.ard.s the cro,ss-cours('S. here called 
ftuckans,m being the cause oi the alt end ion in the mineral veins, whereas they arr; 
themselves merely the effect of the general movement of tlie rf)ck musses. Tin* .‘■in- 
gularity alluded to disappears if the w'oodcnt be reganloii as a cross-section re}»re- 
seuting the result of two distinct movements in a direction from the observer. See 
Faixts. 

In different di.«tricts in this country the terms used lo distinguish mineral vt ins 
vary considerably. The following terms prevail in Derbysliire and the north <if 
England. 

Lodes or mineral veins are usually distingnished by the miners of those dislricis 
into at least four species: 1. 'I'lie I’ake vein; 2. The pipt- vein; X The flat f^r 
dilated vein ; and 4. Tlie interlaced mass (^►YocA-r/'rr/iY). indicating the union of a 
multitude of small veins mixed in every possible direction with each otlicr, and with 
the rock. 

1. The rake vein is a mineral fissure; and is the form be.st known amrmg prae. 
tical miners. It commonly runs in a straight line, beginning at the suj>erfic*-s of the 
strata, and cutting them downwards, generally further than can be reached. This 
vein sometimes stands quite perpendicular; but it more ustuilly inclines or ban"s 
over at a greater or smaller angle, or slope, wbicli is called by the miners the //m/c nr 
hading of the vein. The line of direction in which the fissure runs, is c.illcd iIjc 
hearing of the vein. 

2. The pipe vein resemblc.s in many respects a huge irregular cavern, piishinL^ 
forward into the body of the earth in a sloping direction, under various inclinations, 
from an angle of a few* degrees to the horizon, to a di]i of 4/)°. or more. The ]-!]•<■ 
dot's not in general cut the strata across like the rako vein, but insinuates itself be - 
tween them; so that if the plane of the strat.j l*e iK*.arly horizonUl, tljc bearinc: tiic 
pipt' vein will be conformal de ; but if the strata stand up at a high angle, the j i]*, 
sh(K>ts down nearly headlong like a shaft. Some pij»es are verj’ wide and high, 
others are very low and narrow, bometiincs not larger tlian a common mine or drill. 

3. The or dilated vein, is a space or opening between tw’o strata or l»eds «>f 
stone, the one of W’hich lies above, and the other below’ this vein, like a stratum of coal 
lK.'tw’een iU roof and pavement : so that the vein and the strata arc placed in tlie suTm» 
plane of inclination. Those veins are subject, like coal, to be interrnjited, I rokcn, and 
thrown up or down by slips, dykes, or other interruptions of the regular strata. 
In the caae of a metallic vein, a slip often increase.^ tlic chance of finding more 
treasure. Such veins do not presene the parjilleli.sm of their beds, chanicti rlstic 
of coal seams ; but raiy' cxcessividy in thickness within a mmlerate space. Fiat veins 
occur frequently in limestone, either in a horizontal or declining direction, 'i he fiat 
or sIzata-Teins open and close, as the rake veins also do. 

4. The interlaced mass has been already defined. The interlaced stririgs are more 
fluent in primitive formations, than in the others. 

To these may be added the accumulated vein, or irregular mass (Bvtj^enuerkeX a 
glare deposit placed without any order in the bosom of the rocks, apparcnllv filling 
tpetTcriKnistpacea. 
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In Cornwall and Deronshirei where different conditions preyail, other terms are 
employed. 

Tho lode, or mineral vein, is, as in the former instances, a great line of dislocation, 
accompanied by minor lines of fracture. Of these Sir H. De la Beche says, ‘ It could 
sc^ircely he supposed that tho great lines of fracture would be unaccompanied by 
smaller dislocations, running from them in various directions according to modifying 
resistances, which would depend upon the kinds of rock traversed by the great frac- 
tures, the direction in which they are carried through them as regards the bearing of 
th(‘ir strata should they bo stratified, and other obvious causes.’ Tho great fractures 
would often also tend to split in various directions, and reunite intn main lines, as in 
the annexed sketch 1448), in which a h represents the line of principal fracture, 
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splitting at h h from locJil causes, and uniting, both towards a and h, minor cracks 
running into tho adjoining rocks at c, c, c, c. These are known as side-lodes^ strings^ 
feeders, and brauclies. 

These strings are sometimes very curiously developed, and illustrate the peculiar 
force of crystalline action, and all the phenomena of heaves 
and faults. The following figure (1449) furnishes a good 
illustration. 

It represents a specimen of strings of oxide of tin in slate 
from St. Agnes, Cornwall, hh illustrating the alluded 

l'>. Sir Henry de la Bccho is disposed to refer those to 
tlio fact of oxide of tin rocementing fractured masses of 
slate. We think we have sufficient evidence for rebirring 
t he action to tho crystiillogcnic foreo enlarging a fissure, or 
small crack, prcKlucing those biteral cracks, which again, by the operation of the same 
force, dislociito or hejivo the original fissure. 

In these lode.s we find peculiar mechanical arrangements, which are known by 
various names; a UhIc is said to bo when wo have the crystals of quartz or 

other mineral dovetailing, as it were, with the mettdliforous masses. Bundies are 
i-^olatcd masses of ore found in llui lo le .surrounded by earthy minerals. The 
upper ])art of a lode is known a.s its hack, and the iiccumulatious of ferruginous 
tjiat ter which very commonly occur in the WAw and near the surface are known as 
,;>)ssafis. These are to the exporitmeed miner important guides as indicating the 
clior.ictcrs of t]jc lode at a greater depth. JAe signifies, with the Cornish 

mi Her, the rock through w'liich tho miacr.il vein runs, and accordingly as ho is pleased 
Willi tiio indications he .speaks of its boing kindly or tho contrary. The softer roc-ks, 
will tl’.or of clay-slate or granite, ;iro spoken of as plumb, and a plurnh granite, or elvan, 

Lov.itly preferred to the harder varieties, and spoken of as being more kindly. 

Till- i-ock forming the sides of a Icnle are known as its walls or cheeks. The latter 
fi rm we have heard of late years in Cornwall, but we believe it to be imported by 
miners who have worked in the north of England. As all mineral veins incline 
m.)ri^ or less, tlm sides are spoken of as the upper and under walls, the upper being 
usually termed the hanging wall, and tho lower the foot-wal I, 

The following wmojcuts. fgs. I4o0. 1451, w’ill serve to assist the reader in 
uiuierslanding the peculiaritii s of mini ug operations in our metalliferous mines. In 
rig. 1451, wliieh is a seetioii of one of the lead mines of Cardiganshire, the shafts, 
which have been sunk o:i the lode are shown, at varied angles from tho vertical 
and the several horizontal leveLs. In this instance these levels or galleries have been 
worked at irregular distanecs. In Cornwall they are usually ten fathoms apart. 
The smaller sh.ifts coum*ctiiig the levels one w'ith the other are called winzes. They 
Si rve for e-\j>loring the bxlc, or f<>r purposes of ventilation, when the excavations are 
uo. inn forward. When these smallt r connected shafts are worked upwards, as they 
sometiniis are, they are called • risings' and the miner is saiil to be working on tho 
• nsr.' In this woodcut tlie lightest shading is to indiwite a portion of this pvrticnlar 
mine which was worked our by the Uomans. The darker shaded masses indicate portions 
of tile lode which have been very productive of metalliferous matter, and which have 
constiqueiitly lieeii removed. The term counter or caunter lode is given to such lodes 
as dip at a considerable angle with ihe ilirecrion of the other lodes in its vicinity. 
Such a lode is shown,/*/. 1459, which i.s, however, inserted principally to explain that 
w hore the ‘ underlie ’ of tlio lode is great, a vertical shaft is sunk at somo distance 
from it on the surface, so us to ‘ cut’ (intersect) the lode at some depth, in this instance 
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lit 70 ikthonui below the adit-levol. As the inclination of the lode then niters, the 
shaft is continued on the lodes. An> 
other fissure or lode, sometimes called 
a * dropper,' is seen to take nearly a 
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vertical direction from the 50-fathom 
level, and from the shafts levels are 
driven into this lode, at about every 10 
fathoms. 

F'ig. 1452 represents in plan the un- 
derground workings of a Cornish mine. 
Those who are not familiar with mining 
are requested to suppose that the «?artli 
is transparent so as to enable us to se<; 
the lewis worked at variou.s depths, from 
Uie ttdU-lsvd— through which the water 
pumptHl from the mine is discharged 
— to the 125'iathom level IxsIom’ it. 
These levels are numbered in the plan. 
They are not worked immediaudy under 
one another ; but, as the lode inclines, 
in the same way as is shown in tlie 
Caunter lode (fig. 1450), they fidlow in 
position this underlu of the lode. Tim 
dark lines and the dotted lines crossing 
the numbered lodes, are workings upon 
lodes, running in a contrary direction 
to the lode principally shown. Tliis 
shows the junction of the granite 
inth the killas or clay-slate of Corn- 
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Trail, and the occurrence of elvan courses is shown at the different levels. By studying 
the plan, with the horizontal and transverse section, the operations of metalliferons 
mining will be understood. 

1452 



The mode of working mines is two-fold; by open excavations, and snhten'anean ex* 
pbiiUiti^ni. 

^^'orki^lgs in the oj>cn air present few difficulties, and occasion little expense, unless 
when jiiished lr> a gre;it depth. They are always preferred for working deposits little 
distaiil from tlie surf.ice ; where, in fact, other methods cannot be resorted to, if the 
su1'S^■^Tlce to be raised lie covered with incoherent matters. The only rules to bo 
thserved are, to arrange the workings in terraces, .so as to facilitate the cutting down 
of the eartli ; to transport the ores and the ndhish to their destination at the least 
] -ossi Me expense ; and guard against the crumbling down of the sides. With the 
! iM - r view, tiny onglit to have a snitaljle slope, or to be propped by timbers whenever 
tley are not qnite solid. 

ftjim tc^nw'DKjs are employed for vahiablo clays, sands, as also for the alhivi.al soils 
of diamonds, g<»ld, and oxiile of tin, inm ores, Ccc., limestones, gypsums, building 
sl'tn.-., rnolirig slates, masses of rock salt in sonjo situations, and certiiin deposits of 
« ITS, part ieiilarly the specular iron of the island of Kll»a ; the masses of stiiuiiiferous 
granite (jf (ityer, .Mtenberg, and S<ytlen, in the Erzgebirge, a chtiin of mountains 
hetwT'ti Saxony and Bohemia; the tliiek veins or masses of magnetic oxid.e of iron 
of Ni»r lin iridi, Daiinemoni, »S:c.. in Sweden ; tin* mass of cupreous pyrites of Bsteraas, 
i;' .:r l>ront lieiin, in Norway; several mines of iron, copper, and gold in the Ural 
iii'iunLiins, Some of the iron mines near Whitehaven, and Carchiso tin mine in 
( urnwall, may tilso be quoted. 

Su^'NrruiKau irorkings may b(‘ conveniently divideil into five classes, viz. ; — 

1. \'eiiis, <jr l»eds, much iuclifn il to ilie horizon, varying iniich in thickness. 

1*. Ileils of slij-ht inclination, or no.arly horizontal, the power or thickness of which 
dor" l ot t XvTv' 1 two yani.s. 

Br i" of gn at ihiekiu.-.ss, but slightly inclin« d. 

•1. \d i;:.", or l.rds liighly iucliiUTl, of great ihii-kness. 

Ma".s s of eonsivlri-able magnitude in all their dimensions. 

S> ’>'( rrn.r im .mniug n-quires two vi-rv distinct classes of workings ; the preparatoru, 
ami fi>v t .! * ractiun. 

d'hc jin in gallerirs. (tr in pits (shafts') and levels destined to coiulnet 

tin- niim r to tie' point nio."t proper fnr att.acking the deposit of ore, for tracing it from 
tills point, f r preparing chambers of excavation, and for concerting measures uitii a 
va w to (la- ri of air, the tlischarge of waters, and tlie transport of tiic cx- 
Iracfii! miner.ils. 

Jf tlio vein or bi d. in tpHTtloii b * placed in a mountain, and if its direction forms 
a Very obtuse angh-wii!i the line of the slope, the miner begins by opening in its 
:-l<b ;it the low' st pos."l! h' level, a gallery (level) of elongation, which serves at once 
t'» give issue to tlio watrrs. to explore *thi^ dejKisit through a considerable extent, 
and th' n to follow i' in anotlu-r dinctioii; but to commence the real mining 
ojn radons, lu- i icPt't -s ( shafts or cralleries. according to the slopo of the deposit, 
across the lirst galb rv. 

id'r a stratum l>ut little iiicliiied to ilie Imrizon. placed beneath a plain, the first thing 
is to [>ic!ve two vertical ."hafts, wliich arc nsually made to iirrive at two points in the 
hainc line of slope, und a gjillery is driven to unite them. It is, in the first place, for 
tin* s/ike of circulation of air that these two pits arc sunk ; one of them, which is also 
destined for the drainage of the waters, should reach the lowest point of the intended 
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wofidagB, If a rein 10 intersected by transrerse ones, the shafts are placed so as to 
fc^oir, or, at least, to cut throu^rh the intersections. When t he mineral ores lie in 
nearly Tertical masses, it is right to avoid, as far as possible, sinking piis into their 
interior. These should rather be perforated at one side of their floor, even at some 
considerable distance, to avoid all risk of crumbling tlie ort^s into a heai^ of rubbish, 
and overvhelming the workmen. 

With a vein of moderate width, as soon as the preperatorv labours have brouglit 
the miners to tlie point of the vein from which the ulterior workings ar(^ to nniifv, 
whenever a circulation of air has been secured, and an outlet to the water and tho 
matters mined, the first object is to divide the mass of ore into large parallel opipeds, 
by means of oblong galleries, pierced ten fathoms below one another, with pits of 
communication opened up, 30, 40, or 60 yards asunder, whicli follow tht^ slope of the 
vein. These galleries and shafts are usually of the same breadth ns tho vein, unh'ss 
when it is very narrow, in which case it is requisite to cut out a portion of the roof 
or the fioor. Such workings serve at once the purposes of mining, by affording a 
portion of ore, aud the complete investigation of the nature and riehos of the vein, 
a certain extent of which is thus prepared before removing the cubical massc's. It is 
proper to advance first of all. in this manner, to the greatest distance from tlic central 
point which can bo mined witli economy, and afterwards t(t ivniovi; the parullelopi]>ed 
blocks, in working back to that point. 

This latter operation may bo carried on in two differenl ways ; of wliich one con- 
sists in attacking the ore from alnwe. and another frotii below. In eitluir tlu; 
excavations are disposed in steps similar to a stfiir upon their upper or under siile. 
The first is styled a working in direct or descending steps ; and the second a leorking 
in reverse, or ascending steps. 

The descriptions given ly Dr. Frc relate cliiefl}’ to the j^rocesses carried forward 
in the German mines. In very many respects they res('nib]<' our own jiroecsses of 
mining; and, for the general information tljese give to the Kngli.^h reader. Dr. Urt’s 
description has l»oen rdaiiu-d, 

1. Suppose, for example, that the post y, MoH, included betw«>i‘n the liorizontnl 
gallery ac and the shaft aij, is to be excavated by dire.-t steps, .a workman slatioiied 



upon a scaffold at the point ei, which forms the angle between tho shaft and the elon- 
gated drift, att.^cks the rex-k in front of him and beneath his Aict. WJienever he bus 
cut out A parallel opiped (a rccUngular mass ), of from four to six yards broad, and 
two yards high, a second miner is set to work upon u scaffold at u'. two yards b. nuath 
the first, who, in like manner, excavates the rock under his feet arnl beVore in in. A s 
Boon as the second miner has removed a pfj.sl of ibur or six y.trds in width, l.y two in 
height, a third l>egins upon a scaffold at a" to w’ork out a third st( j» dhus. many 
workmen are emplo>wl ns there are steps to be made between ilje iwa<»bi<mg liori- 
zoiital galleries which extend above and below the mas.s to be excavai,ij ; aiul sineu 
they all proceed simultaneously, they continue working in similar j»o.siih.ns. in floors 
over cacii other, as upon a stoir with veiy' long witie steps. As tliey advance, tlie 
minen construct Ijefore them wooden floors cccc, for the purpose of supporting the 
rubbish which each workman extracts from his own step. This fl(x>r, which should 
^ very solid, serres alio for wheeling out his harrow filled with ore. The round 
oiUeU vhkh Bupporitlw planki eiwtaiQ the roof or the wall of the miuerul vein or bed 
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under operation. If the rubbish be very considerable, as ia commonly the case, the 
floor planks are lost. However strongly they may be made, as they cannot be re- 
paired, tliey sooner or later give way under the enormous pressure of the rubbish ; 
and as all the weight is borne by the roof of the oblong gallery underneath, this must 
be sufficiently timbered. By this ingenious plan, a great many miners may go to 
work together upon a vein without mutual interference ; as the portions which they 
totach have always two faces at least free, tliey are consequently more easily separable, 
tither with gunpowder or with the pick. Should the vein bo more than a yard thick] 
or if its substance be very refractory, two miners are set upon each step, hbhh 
indicate the quadrangular masses that are cut out successively downwards; and 1 1, 
2 2, 3 3, forwards ; the lines of small circles are the sections of the ends of the billets 
which support the floors. 

2. To attack a mass r,fig. 1454, a scaffold w, is erected in one of its terminal pits p, 
at the level of the ceiling of tlie gallery b b', where it terminates below. A miner 
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placed on tliis scaffold, cuts off at the angle of this mass a parallelepiped 1, from one 
to two yards high, by six or eight long. When he has advanced thus far, there is 
j>laced in the same pit upon another scaffold /n', a second miner, who attacks the vein 
al/uvo the roof the first cutting, and hows down, above the parallelopipod 1, a paral 
h lojiip. .1 of the same dimensions T, while the first is taking out another, 2, in advance 
of 1. Wlion the second miner has gone forward 6 or 8 yards, a tliird is placed also 
in the same pit. -^Ile commences the third stop, while the first two miners are pushing 
forward theirs, and so in succession. 

Ill this mode of working, as well as in the preceding, it is requisite to support the 
rubbisli and the m'uIIs of the vein. For the first object, a single floor, n n n, may be 
buffieient, constructed above the lower gallery, 8ul»staiitial enough to bear all the 
rubV'ish, as well as the miners. In certain cases, an arched roof may bo substituted ; 
and in utliers, several floors are laid at different heights. The sides of the vein are 
’bUpj)orted by means of pieces of wood fixed between them perpendicularly to their 
planes. Sometimes, in llie middle of the rubbish, small pits are left at regular dis- 
tances ajuirt, thrv)Ugli which the workmen throw the ore coarsely picked, down into 
the lower gallery. Tlie ruhl ish {Krasiomilly forms a slope /’//, so high that miners 
placed uiKiii it can work conveniently. Wlien the rich portions are so al>undant as 
to leave too little rubbi&li to make such a sloping platform, the miners plant them- 
selves upon moveable floors, which they carry forward along with the excavations. 

These two modes of working in tho sU-p form have peculiar advantages and dis- 
advantages ; and each is preferred to the other, accorvling to circumstances. 

In the descending workings, or in direct steps. Jig. 1453, the miner is placed on the 
very mass or substance of tho vein ; he works coinmodiously before him ; he is not 
exposed to the splinters which may fly off from the roof ; but by this plan he is 
obliged to employ a great deal of timber to sustain the rubbish ; and the wood is fixed 
for ever 

In the ascending workings, or in reversed steps. Jig, 1464, the miner is compelled to 
work in the re-entering angle formed between the roof and the front wall of his «- 
cavution, a posture sometimes oppressive ; but the weight of the ore conspires with 
his efforts to make it fall. He employs less timber than in the workings vnih direct 
steps. The sorting of the ore is more difficult than in the d^ending fMrJnn^ becanst 
the rich ore is sometimes confounded wdih tho heap of rubbish on which it mils. 

When seams of diluvium or gravel-mud occur on one of the sides of the vein or oil 
botli, they render the quarrying of the ore more easy, by affording the xno&iif of tm- 
covering the mass to be cut down, upon an additional face. 

Vot, IlL X 
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Slumld die rein be very narrow, it is necessaiy to Temore a portion of the Bteriie 
loek which encloses it, in order to give the work a sufficient width to enable the miner 
to adrance. If, in this case, the vein be quite distinct from the rock, the labour may 
be facilitated, as well as the separation of the ore, by disengaging the vein, on one of 
its faces through a certain extent, the rock being attacJicd separately. This operation 
is called stripping the vein. When it is tlms uncovered, a shot of gunpowder is suffi- 
aent to detach a great mass of it, unmixed with sterile stones. 

Bt the methods now describe, only those parallel opipeds are cut out, either in 
whole or in part, which present indications of richness adequate to yield a prospect of 
benefit. In other cases, it is enough to follow out the threads of ore which occur, by 
workings made in their direction. 

The minor, in searching within the crust of the earth for the riches which it con- 
ceals, is exposed to many dangers. The rocks amidst which he digs are seldom or 
never entire, but are almost always traversed by clefts in various directions, so that 
impending fragments threaten to fall and crush liim at every insbint. Ho is even 
obbg^ at times to cut through rotten friable rocks or alluvial loams. Fresli atmo- 
spheric air follows him with difficultv in tlie narrow channels whieh be lays oj>on 
before him ; and the waters which circulate in the subterranean seams and fissures 
filter incessantly into his excavation, and tend to fill it. Let us now take a view of 
the means he employs to escape from tliese three classes of dangers. 

1. 0/ the thiiherinp of cxca mi ions . — The excavations of mines are divisible into 
three principal sjiecies : shafts, galleries, and chambers. When llio width of tliese ex- 
cavations is inconsiderable, as is commonly the case with shafts and galleries, their 
sides can sometimes stand upright of themselves ; but more frequently th< y require to 
be propped or stayed liy billets of wood, or by walls built with bricks or stones • or 


even by stuffing the space witli rubbish. These three kinds of support arc called 
iimhering, walling, undiJiUing up. 

Timbering is most used. It varies in form for the three spwics of excavations, 
according to the solidity of tlie walls which it is destined to sustain. 

In a gallery, for example, it may be sufficient to supjwrt merely the roof, by means 
of joists placed sicross, bearing at their two ends in the rock ; or the roof and the tow 
walls by means of an upper joist, s, fig. 1455, which is then called a cap or cornice beam, 
resting on two lateral upright posU or stanehuais, a b, 
H55 to which a slight inclination towards oacli other is 

givtuj, so that they approach a litt le at the top. and rest 
"O entiridv upon the flo<^r. At times, only one of the wails 

« ) and the roof need support, 'jliis c.-ise is of fn'quent 

; occurrence in pipe veins. J»illars ;ir< tlu.*n set up only 

on one side, and on the other tlie joists rest in holes of 
j. the r'K‘k. It nmy happen that the floor (»f ihc.g'allerv 

, 1 ^ shall not be sufficiently firm to afford a sure fcniiulation 

. j to tl:e standarils ; and it may be m'Ceb.sary to iinike 

; them rest on a liorizoiital piece &ill(‘d the sUe. This is 

timbering with complete frames. :ihe uj>right }K>sts 
are usually set direetly (*n the sole ; but the extremi- 
^ j ties of the cap or ceiling, and the upper ends of the 
standards, aro moni.sed in sucli a manner that these 
cannot come nciirer, whereby the cap shall |>osstss its 
♦u • i u- J of resisliinee. ]n friable and shiverv rocks 

there IS put behind these beams, both uixm the ceiling and the sides, facim, 'boards 
which are planks placed honzonully, or npavs of cleft wood, set so close together uL 
to leave no interval. They are called faschtes in I'rouch. Jn ordinary ground the 
mineppots up ihme pMs in proportion us he goes forwards ; but in a loose soil mch 
as aaod or ^avel, he must mount them a little in advanee. He tlun drives into tlie 
mass behind the wooden framework thick but shar}>.} runted jdauks <.r stake.s and 
wluch, m fact, form the sides of the cavity, whieh he proceeds u, excavate 'I'lmr one 
** supported by the earth in which it is thrust, and tJieir other end bv 
the last framing. Whenever the miner gets sufficicnilv on, In* sustains the walls bv 
a new frame. The size of the timber, as well as the dhumci- between the frames or 
stanckion$f depends on the degree of pressure to be resisted. 

When • gsUen m to serve 8t once for several distinct purp<,8es. a greater hoieht is 
pven to ,t ; *nd n flooring is laid on it at a certain level.*^ ij; for examtl* a Srv 

a tl>«* waters^ 

aiwr. rs, Hfl, is oonstmeted above the bottom, over wbich the rarriaffcs are 
•h^ed, and nndinr which the water* ore dischatged. ‘amages are 

T^e timMng of ahaft* varies in fonn, as well as that of galleries according to the 
and the locality of th. c«H»d which they tt»verse.Me Ji^fihi^ 
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they are meant to genre. The ghafts intended to bo stayed -with timber are fanslly 
square or rectangular, because this form, in itself more convenient for the miner, ren- 
ders the execution of the timbering more easy. The woodwork consists generally of 
rectangular frames, the spars of which are about eight inches in diameter, and placed 
at a distance asunder of from a yard to a yard and a half. The spars are never placed 
in contact, except when the pressure of the earth and the water is very great. The 
pieces composing the frames are commonly united by a half-check, and the longer of 
the two pieces extends often beyond the angles, to be rested in the rock. Whether 
the shaft is vertical or inclined, the framework is always placed so that its plane may 
be perpendicular to the axis of the pit. It happens sometimes in inclined shafts that 
there are only two sides, or even a single one, which need to be propped. These are 
stayed by means of cross beams, which rest at their two ends in the rock. When the 
frames do not touch one another strong planks or stakes are fastened behind them to 
sustain the ground. To these planks the frames are firmly connected, so that they 
cannot slide. In this case the whole timbering will be supported, when the Iowqt 
frame is solidly fixed, or when the pieces from above pass by its angles to be abutted 
upon the ground. 

In the largo rectangular shafts, which serve at once for extracting the ores, for the 
discharge of the waters, and the descent of the workmen, the spaces destined for these 
several purposes are in general separated by partitions, which also serve to increase the 
strength of the timberings, by acting as buttresses to the planks in the long sides of 
the framework. Occasionally a partition separates the ascending from the descend- 
ing basket, to prevent their jostling. Lastly, particular passages are left for ven- 
tiLation. 

As it is desirable that the wood shall retain its whole force, only those pieces are 
squared wdiich absolutely require it. The .spars of the frames in shafts and galleries 
are deprived merely of their bark, which, by holding moisture, would accelerate the 
decomposition of the w’ood. The alburnum of oak is also removed. 

Resinous woods, like the pine, last much shorter than the oak, tho beecli, and the 
cherry-tree; though tho larch is used with advantiigo. Tho oak has been known to 
last upwards of 40 years ; whilo tho resinous woods decay frequently in 10. The 
fresher the air in mines, the more durable is tho timbering. 

Tho figs, 1406, 1457 represent two vortical sections of a shaft, the one at right 

1456 




angles to tho otlior, with the view of showing tho mode of 1457 

sustaining the walls of the oxcavatiou by timbering. It is 
copied from an actual mine in the Hartz. There we may 
observe the spaces allolled to tho descent of the miners by 
ladders, to tlie drainage of tln5 waters by pumps v, and rods 
and to the extraction of tlie iniuertd substances by 
baskets, a, h, c,J\ h, k, are various cross timbers; A, c, e, 
upright do. ; ju, pump ci.>teru ; v, w. corve-ways. The 
shafts Ijore sliown, are excavated in the lino of tho vein 
itself, — the rock enclo^ingiL being seen in the second figure. 

In a great many mines it is found advantageous to 
8upix)rt tho excavations by brick or stone buildings, con- 
structed either with or witliout mortar. These construc- 
tions are often more cosily than wooden ones, but they 
last much longer, aud need fewer repairs. They are em- 
ployed insUsad of timberings, to support the walls and roof 
of galleries, to line the sides of sliafts, and to bear up the 
roofs of excavations. .in j . 

Sometimes the two sides of a gallery are lined with vertical walls, and ita xooif is 
supported bjr an ogee vault, or an arch* If the sides of the mine are solid, a suuple 
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'iteh ii ■oOdMit to nutc^ii the toot, and at other timea the irhole anrface of a gallery 
fofiaad of * idx^le elliptic Tault, the great axis of which is vertical ; and the bottom 
Ii iormouuted by a woo^n plank, under which the waters run off ; see fy, 1 458. 

Walled shafte alio are sometimes constructed in a circular or elliptic form, which is 
better adajpted to resist the pressure of the earth and waters. Rectangular shafts of 
all di mensi ons, however, are frequently walled. 

The sides of an excavation may also be supported by tilling it completely with 
rubbish. Whenever the sides need to be supported for some time without the neces- 
sity of passing along them, it is often more economical to stuff them up with rubbish, 
than to keep up their supports. In the territory of Li^ge, for example, tliere liave 
been shafts thus filled up for several centuries ; and which are found to bo quite entire 
when Aey are emptied. The rubbish is also useful for forming roads among steep 
strata, for closing air-holes, and forming canals of ventilation. 

Fifft, 1468, 1469, 1460, represent the principal kinds of mason-work employed in 
the Queries and shafts of mines. Fiff, 1461 exhibits the walling in of the cnge of an 





overshot water-wheel, as mountcjd within a mine. Before boginuing to build, an ex- 
cavation large enough must be made in the gallery to leave a space tliree feet and a 
half high for the workman to stand in, after the brick-work is completed. Between 
the two opposite sides, cross beams of wood must be fixed at certain distances as 
chords of the vault, over which the rock must bo hollowed out to receive the arch- 
sCones, and the centring must then be placed covered with deals to receive tlie 
ttm$9oirs, beginning at the flanks and ending with the keystone. When the vault is 
linishad thresh a certain extent, the interval between the arch and tlie rock must bo 
rammed full of rubbish, leaving passages if necessaiy through it and the arch, for 
oonuntf of water. 

In walling galleries, attention must be paid to the direction of the pressure, and to 
build vertu^ly or with a slope accordingly. Should the pressure be in all 

directions, a closed vanlt, like Jia. 1468, should be formed. For walls not far from 
the verticalt salient or buttressed arches are employed, as showm iufy. 1460, culled in 
German ^Uienprin^fonde Bogen ; for other cases, twin-arches arc preferred, with au 
i^g^t wall , between. 

1469 is a transverse section of a walled drain-galleiy, from the grand gallery 
of me Haiti ; see also,^. 1461. a is the rock which needs to be support only at the 
rides sad top ; 6, the masonwork, a curve formed of the three circulHr arcs upon one 
l*wl; r, the floor for the water*eoarse. 1468 is a cross-section of a walled gal- 
as at Sofaneebsig, Rothenbtng, Idria, &c.; d is the rock, which is not solid 
riwar at tbe flanks, loo^ or floor; e, the elliptic masonwork; /, the wooden floor 
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for the waggons, which is sometimes, however, arched in brick to allow of a watar^ 
course beneath it. 

Fig. 1460 shows two vertical projections of a portion of a walled shaft with but* 
tresses, as built at the mine Vater Abraham, near Marienberg. j is a section in the 
direction of the vein g h, to show the roof of the shaft, i, a section exhibiting the 
slope of the vein g h, into which the shaft is sunk ; m is the wall of the vein ; k is the 
roof of the same vein ; n, buttresses resting upon the flanks of the shaft ; g, great arcs 
on which the buttresses bear ; y, vertical masonwork ; z, a wall which divides the 
shaft into two compartments, of which the larger jp is that for extracting the ore, and 
the smaller for the draining and for the descent of the miners. 

Fig. 1461. c T> is the shaft in which the vertical crank-rods c, g, c, d, move up and 
down, y, is a double hydraulic wheel, which can be stopped at pleasure by a brake 
mounted upon the machine of extraction, o, is the drum of the gig or whim for 
raising the corves or tubs {tonnes ) ; h, is the level of the ground, with the carpentry 
which supports the whim and its roof, k, is the keystone of the ogee arch which 
covers the water-wheel ; flr, is the opening or window, traversed by the extremity of 
the driving shaft, upon each side of tlie wator-whecd, through which a workman may 
enter to adjust or repair it; b, lino of conduits for the streams of water which fall 
upon the hydraulic wheel ; c, g, double crank with rods, whose motion is taken off 
the loft side of the wheel ; c, d, the same upon the right side. The distance from h 
to F is about 22 yards. 

Figs. 1462, 1463, present two vertical sections of the shaft of a mine walled, like the 
roof of a cavern, communicating with the galleries of the roof and the wall of the 
vein, and well arranged for both the extraction of the ore, and the descent of the 
minors. The vertical partition of the shaft for separating the passfige for the corves 
or tubs from the ladders is omitted in tho figure, for the sake of clearness. 

In^. 1462, A B are tho side-walls supported ujKjn tho buttresses c and d ; in Jig. 
1463, E is tho masonry of the wall, borne upon the arch f at tho entrance to a gallery, 
the continuation being at o, which is sustained by a similar arch built lower. 

1462 1463 



L, is the vault arch of the roof, supported upon another vault m, which presents a 
double cun^ature, at the entrance of a gallery ; at H is the continuation of the arch or 
vault L, which underneath is supported in like manner at the entrance of a lower 
gallery. 

a, b, c, d,Jig. 1402, are small upright guide-bars or rods for one of the corves, or 
kibbles. 

«»/» 9* K are similar guide-bars for the other corf. 

i i, are cross-burs of wood, which support the stays of tho ladders of descent* 

k kf are also cross-bars by which the guide-rods are securod. 

t, a corf, or extraction-kibble, furnished with friction rollers ; tho other corf is Bttp* 
posed to be drawn up to a higher level, in the other vertical passage. 

Figs. 1464, 1465 represent in a vertical section the mode of timbering the galleries 
of the silver and lead mines at Andreasberg in the Hartz. F^. 1464 showv 3ie pl&B 
viewed from above. Upon tho roof of tlie timbering, the workman throws the waste 
rubbish, and in the empty space below, which is shaded black, he transports in his 
waggons or wheelbarrows the ores towards the mouth of the mine. 1466^ is tfaa 
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no mm d k ia of the gallciy. In ihe two fibres, a pepresente the pock, and b the 
timbeoring ; round which there is a gamitupe of small spars or lathes for the purpose of 
djEiifia^ and yentili^on, with the riew of promoting the durability of the wood-work. 



The working of minerals by t he ^nass is well exemplified a few leagues to the north 
of Siegen, near Miisen (Rhenish Prussia), in a mine of iron and other meUils, called 
Stahibeig, which forms the main weaitli of tlic country. The. plan of working is 
termed (ke excavation of a direct or transverse mass. It shows in its upper part the 
danger of bad mining, and in its inferior portion, the regular workings, by whoso 
means art has eventually prevented the destruction of a precious mineral deposit. 

Fig. 1466 is a vertical section ol the bed of ore, which i.s a direct mass of spat, hose 
iron, conlained in Devonian clay-.^late. «, a, a, are j»il]ars of the sparrj’ ore 
reserved to support the successive stnges or floors, which are inimbercd 1. 2, .'b kc. ’ 
bt b, b, are excavations worked in the ore; which exhibit nt the prc.seiit day several’ 
floors of arches, of greater or less magnitude, according to the localities. It may bo 
remarked, that where the metallic deposit forms one entire ma.ss, rich in sp;itho.Ne iron 
ore of good quality, there is generally given to the vaults a height of 3 fathoms ; 
leaving a thickness over the roof of 2 flithoms, on account of the numerous Assures 

1466 



which pervade the mass. But where this mass is divided into tlirce principal 
branches, tlie roof of the vault has only fathom of thickness, while the excava- 
tion is flithoms high. In the actual state of the workings, it may l^e estimated 
that from all this direct mass, there is obtained no more out of eveiy floor than 
one-third of the mineral. Two-thirds remain as lal^ours of reserve, which may be 
rammed at aoiiie future day, in consequence of the regularity and the continuiition 
of the BttbtmTanean workings, s is a shaft for extraction, communicating below 
with tile ^eiy of effiux, k ; A is an upper gallery of drainage, which runs in 
dBWbieat direetioDB (one only being visible in this section) over a length of 400 
f lAc i i ms ; the lower gallery, kf runs 646 fathoms in a straight line ; m /a, represents 
Itm mass of sparry iron. 

. 1467, 1468, 1468, topremiit the eroai system of mining, which consists to 
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forming galleries through a mineral deposit, from its wall or floor towards its rooi^ 
and not, as usual, in the direction of its lengths This mode was contrived towards 
the middle of the 1 8tli century, for working the very thick veins of the Schemnitz 
mine in Hungary ; and it is now employed with advantage in many places, particu- 
larly at Idria in Carniola. In the two sections, Jigs, 
1467 1467, 1469, as well as in the ground-plan, fig, 1468, the 

^ ^ wll is denoted by m and the roof hy 1 1. A first 

gallery of prolongation, k r, fig. 1468, being formed to 
the wall, transverse cuts, a a, are next established at 
right angles to this gallery, so that between every two 
t there may be room enough to place three others, b, c, 6, 

I [I [I |rn|y fig. 1468. From each of the cuts, a, ore is procured by 

advancing with the help of timbering, till the roof, t be 
reached. When this is done, these first cuts, n, are filled 
up with rubbish, laid upon pieces of timber with which 
the ground is covered, so that if, eventually, it should be 
wished to mine underneath, no downfall of detritus is to bo feared, These heaps of 
rubbish rise only to within a few inches of the top of the cuts, a, in order that the 
working of the upper story may bo easier, the bed of oro being there already laid 
open upon its lower face. 

In proportion as tJio cuts, n, of the first story, b f, aro thus filled up, the greater 
part of the timbering is withdrawn, and made use of elsewhere. The intermediate 
cuts, c, h, are next mined in like manner, eitlicr beginning with the cuts c, or the 
cuts ft, jicronling to tho localities. From fig. 1468 it appears that tho working may 
be so arranged that, in case of necessity, tliero may be always between two cuts in 



activity the distance of three cuts, either not made, or filled up with rubbish. Hence, 
all tho portion of tho bed of ore may bo removed wliich corresponds to a first story, 
K K, fig. 1469, and this portion is replaced by rubbish. 

The exploration of the upper stories v ! f', e- f*, b* f*, is now proparKl in a similar 
manner ; with which view shafts h X; Xr*, jiro formed from below upw’ards in tho 
wall, w, of tho deposit, and from these shafts oblong galleries proceed, established 



successively on a level with the stories thus rjiised over one another. See fig. 1469. 
The following objects may be specified in the figures : — 

a a, tho first cuts filled up with rubbish, upon the first story s p, fig, 1468. 
ft ft, other cuts subsequently filled up, upon tho same story, 
r, tho cut actiuilly working. 

d, the front of tlio cut, or place of actual excavation of the mineral diraosit. 
masses of the barren ro:k, reserved in the cutting, for pillars of 
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/, galleries, by meant of which the workmen may turn round the mass e, in order 
to form in the roof, an excavation in the direction of the deposit. 

, rubbish behind the mass e. 

h, two shafts leading from the first story, e f, to the upper stories of the work- 
ings, as already stated. 

m, the wall, and t the roof, of the mineral-bed. 

In the second story, b'f', the gallery of prolongation, r', figs. 1467, 1469, is not 
entirely ^rforated ; but it is further advanced than that of the third story, which, in 
its turn, is more than the gallery of the fourth. 

From this arrangement there is produced upon fig. 1469 the general aspect of a 
working by reversed steps. 

Whenever the workings of the cuts, c, in the first story are finished, those of the 
second, a' maybe begun in the second; and thus, by mounting from story to 
story, the whole deposit of ore may be taken out and replaced with rubbish. One 
great advantage of this method is, that nothing is lost ; but it is not the only one. 
The facilities offered by the system of cross-workings for disposing of the rubbish, 
most frequently a nuisance to the miner, and expensive to get rid of, the solidity 
which it procures by the banking up, the consequent economy of timbering, and 
saving of expense in the excavation of the rock, reckoning from the second story, are 
so many important circumstances which recommend this mode of mining. Some- 
times, indeed, rubbish may be wanted to fill up, but this may always be procured by 
a few accessoiy perforations ; it being easy to establish in the vicinity of the work- 
ings a vast excavation in the form of a vault, or kind of subterraneous quarry, which 
may be allowed to fall in, with proper precautions, and where rubbish will thus accu- 
mulate in a short time, at little cost. 

lYg. 1470 represents a section of the celebrated lead mines of Bleiberg in Carinthia, 
not far from Villach. 

d, c, is the ridge of the mountains 
of compact limestone, in whose 
bosom the workings are carried on. 

e, is the metalliferous valley, 
running from east to west, be- 
tween the two parallel valleys of 
the Gail and the Brave, but at a 
level considerably above the waters 
of these riven. 

/, g, is the direction of a great 
many vertical beds of metalliferous 
limestone. 

On considering the direction and 
dip of the marly schist and metal- 
Hferous limestone, in the space w w, 
to the west of the line 1, a, it 
would appear that a great portion of this system of mountains has suffered a slip 
between 1 , s, and a parallel one towards the east ; whereby, probably, that vertical 
pMition of the strata has been produced which exists through a considerable extent. 
The metalliferous limestone is covered to a certain thickness with a marly schist, and 
other more recent rocks. It is in this schist tjiat the ‘ fire-marble,’ known under the 
name of the iumachella of BJMherg, is quarried. This appears to be of l..iassic age. 

The galena occurs at the bottom of this rock in flattened masses, or blocks of a con- 
eidersble volume, which are not separated from the rest of the calcnreous beds bj’^ any 
seam. It is accompanied by sine ore {calamine), especially in the upper parts of tlie 
mountain. 

Several of the workable massee are indicated by r, r* ; each presents itself as a 
wfiid analogous to a very elongated ellipse, whose axis dips, not according to tlio 
iiidiuation of the surrounding rock, but to an oblique or intermediate lino between 
this inclination and the direction of the beds of limestone ; as shown by r w, r' vf. 

T^ ^illts, called kh^t (rent), at Bleiberg are visible on the surface of the ground, 
experienced miners have remarked that the ricli masses occur more frequently in the 
difeetion of these fisults than elsewhere. 

It is in general by galleries cut horizontally in the body of the mountain, and at 
dMRicent levels, eg, sf, that the miner advances towards the masses of ore r, r*. 
Xmiy of these galleries are 500 fathoms long before they reach a workable mass. 
The several galleries are placed in communication by a few shafts, such as t ; but few 
of these are sunk deenar than the level of the valley, e. 

The total length of the mines of Bleiberg is abont 10,000 yards, parallel to the 
milliy#; iatriiidi ipm there are 500 oonoessions granted by the Government to 
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Various individuals or joint-stock companies, either by themselves, or associated with 
the Gk)vernment. 

The metalliferous valley contains 5,000 inhabitants, all deriving subsistence firom 
the mines ; 300 of whom are occupied in the government works. 

Each concession has a number and a name: as Antoni, Christoph, Matthseus, Os- 
wald!, 2, 8, 36, &c. 

Fig, 1471 is a section of the quicksilver mine of Idria. 1, is the grey limestone; 
2, is a blackish slate ; 5, is a greyish slate. Immediately above these transition rocks 
lies the bed containing the ores, called CoraUenerz^ which consist of an intimate mix- 
ture of sulphuret of mercury and argillaceous limestone ; in which four men can cut 
out in a month 2^ toises cube of rock. 

iig. 1472 represents a section of part of one of the copper mines of Mansfeld ; con- 
taining the cellular limestone, called Rattchwacke^ always with the magnesian 
limestone, called Zechstein ; the cupreous schist, or Knpferschicfer ; the wall of greyish- 
white sandstone, called the weisse Liegcnde ; and the wall of red sandstone, or the 
roth^ Liegcnde. The thin dotted stratum at top is vegetable mould ; the large clotted 
portion to the right of the figure is oolite ; the vein at its side is sand ; next is Ranch- 
wackc] and lastly, the main body of fetid limestone, or Stinkstein. 



Fig. 1473 represents a section of one of the Mansfeld c )pper'Schist mines in the 
district called Burgocmer, or Preusshoheit : 1. Vegetable mould, with siliceous 
gravel. 2, Ferruginous clay or loam. 3. Sand, with fragments of quartz. 4. Rod 
clay, a bed of variable thickness as well as the lower strata, according as the cupreons 
schist is nearer or farther from the surface, 6. Oolite {Rogenstein). 6. Newer 
variegated sandstone {hunter Sandstein). 7. Newer gypsum ; below which, there is 
8. A bluish marly clay. 9. Stinkstone, or lucullite. 10. Friable greyish marl. 

11. Older gypsum : a rock totally wanting in the other districts of the mines of 
Rothenbcj’g ; but abounding in Saxon Mansfeld, where it includes vast caverns 
known among the miners by tlw name of Schlotfen, as indicated in the figure (1473). 

12. The calcareous rock, called Zechstein. The lower part of this stratum shows 
symptoms of the cupriferous ^hist that lies underneath. It presents three thin 
bands, differently nio*lified, which the miner distinguishes as ho descends by the 
names of tlio sterile or rotten {JaiiU) rock ; the roof {Rachklotz) ; and the main rock 
{oherberg). 

13. Is a bod of cupriferous schist {Kupfcrschiefer\ also called the hitumino-marly 
schist, in wJiicIi may be noted, in going down, but not marked in the figure — 

fl, the Lochhtrg^ a seam 4 inches thick. 

5, the Kammschale, ^ of an inch thick. 

c, the Koj}/schale, 1 inch thick. 

These scams are not worth smelting ; the following, however, are 

d, the Schiefer-kopf, tlio main coppr-schist, 2 inches thick, 

«, a layer called Lochen^ 1 inch thick. 

14. The wall of sandstone, resting upon a porphyry. 

Fig. 1474 is a section of the mines of Kiegelsdorf in Hessia, presenting — 

1. Vegetable mould. 

2. Limestone distinctly stratified, frequently of a yellowish colour, called Uw^hafier 
Kalkstein. 

3. Clay, sometimes red, sometime blue, sometimes a mixture of red, blue, and yellow. 

4. The cellular limestone (Rauhkalk). This rock differs both in nature and poekion 
uKMn tuO rock of the same name at Mansfeld, 
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5. mniallj red, containing veins of white gypflnm, and fine crystals of selenite* 

6, Massive gypsnm of recent formation. 

7. Fetid limestone, compact and blackish grey, 
or cellular and yellowish grey. 

8. Pulverulent limestone, with solid fragments 
interspersed. 

9. Compact marl-limestone, or ZecAs^ein, which 
changes from a brownish colour above to a 
blackish schist below, as it comes nearer the 
cupreous schist, which seems to form a part of it. 

10. Cupreous schist {Kvperschiefer), of which 
the bottom port-ion, from 4 to 6 inches thick, is 
that selected for metalhirgic operations. Be- 
neath it is found the usual wall or bed of sand- 
stone. A Vein of cobalt ore, n, which is rich 
only in the greyish-white sandstone {weisse 
Lugcnde\ traverses and deranges the beds 
wherever it comes. 

Of worhng Mines hg FVre —The celebrat-ed mine worked since the 10th contuir in 
the mountain called Rammelsberg, ,n the ITartz, to the south of Goslar, presents a 
Tf! ‘r"’ among the beds of the rock wliich constitute that mountain. 

The mineral deposit is situated in the earth like an enormous inverted wedge, so that 
Its thickness (power), inconsiderable near the surface of the ground, increases as it 

outcrop, reckoning in the direction of iho 
slope of the deposit, it is divided into two portions or branches, which are separatod 
from each other, throughout the whole known depth, by a mass of very hard clay- 
slate, which pMses into flinty slate. The substances composing the workable mass 
are ropier and iron pyrites, with siilphuret of lead (galena), accompanied by quartz, 
carbonate of lime, compact sulphate of baryta, and someiimos grey copper ore, sul- 
phuret of zinc, and arsemcal pyrites. The ores of lead and copper contain silver and 
gold, but in small proportion, particularly as to tihe last. 

A mine BO ancient as that of Rammelsberg, and which was formerly divided among 
Mmpanics, cannot fail to present a p-oat many shafts and exeat 
™ f fo® the present wkings, 

namely, those marked a b and ef in 1476, by irhich the whole extraction and 


1475 



drainafe are execn^. The general system of exploitation by fire, as practised in 
this mine, consists of the foUowing operations pracusca in 

1. An adrance is made towards the deposite of ore, successively at different levels 

to theTyf^“ "® and 

I-rt na now see how the ezeavatiou by fire is laractised ; and, in that view, let us 
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consider the state of the workings in the mines of Bammelsberg. We may remark' 
in Jig, 1475 the regularity of the vaults previously scooped out above the level bc, 
and the other vaults which are in full activity of operation. It is, therefore, 
towards the lower levels that the new workings must be directed. For this 
purpose, the transverse gallery being already completed, there is prepared on ths 
first of these floors a vault of exploitation at 5, which eventually is to become 
similar to tliose of the superior levels. At the same time there is commenced, at 
the starting-point below it, reached by a small well dug in the line of the mineral 
deposit, a transverse gallery in the rock, by means of blasting with gunpowder. 
The rock is also attacked at the starting-point by a similar cut, which advances 
to meet the first perforation. In this way, whenever the vaults of the level c are 
exhausted of ore, and terraced up with rubbish, those of the level beneath it will bo 
in full activity. 

Others will then be prepared at a lower level ; and the exploitation may afterwards 
bo driven below this level by pursuing tho same plan, by which the actual depth of 
excavation has been gained. 

In workings by fire we must distinguish : 1, tho case where it is necessary to open 
a vault immediately from the floor ; 2, the case where, the vault having already a 
certain elevation, it is necessary to heighten its roof. In the former case, the wall or 
floor of tho mineral deposit is first penetrated by blasting with gunpowder. As soon 
as this penetration is eflTectcd over a certain length, parallel to the direction of the 
future vault, as happens at 5, there is arranged on the bottom a horizontal layer of 
billets of firewood, over which other billets are piled in nearly a verticcal position, 
which rests upon the ore, so that the flame in its expansion comes to play against the 
mineral mass to be detached. When, after some similar operations, the flame of the 
pile can no longer reach tho ore of the roof on account of its height, a small terrace 
of rubbish must be raised on the floor of tho deposit ; and over this terrace a now 
pile of faggots is to be heaped up as above described. Tho ancient miners committed 
the fault of constantly placing such terraces close to the roof, and consequently 
arranging tho faggots agJiinst this portion of the ore, so that the flfime circulated 
from the roof down to the floor. The result of such procedure was tho weakening of 
tlie roof, and tho loss of much of tho ore which could not be extracted from so unstable 
a. fabric ; and, besides, much more wood was burned than at tho present day, becfiuse 
tho action of tho flame was dissipated in part against the whole mass of the roof, 
instead of being concentred on the portion of tho ore which it was desired to dislodge. 
Kow, the flame is usually made to circulate from tho floor to the roof, in commencing 
a new vault. 

When the vault has already a certain height, care is always taken that between 
the roof of tho vault and the rubbish on which tho pile is arranged, no more 
than two yards of space should intervene, in order that the flame may embrace 
equally the whole concavity of tho vault, and produce an uniform effect on all its 
parts. Here, the pile is formed of horizontal beds, disposed crosswise above one 
another, and presents four free vertical faces, whence it has been called a chest l)y 
the miners. 

It is usually on Saturday that the fire is applied to all the piles of faggots 
distributed through the course of the week. Those in tho upper floors of exploi- 
tation are first burned, in order that the inferior piles may not obstruct, by their 
vitiated air, the combustion of the former. Thus, at 4 o’clock in the morning, 
the fires are kindled in the upper ranges; from pile to pile the fireman and his 
assistant descend towards the lower floors, which occupies them till 3 o’clock in the 
afternoon. 

When the flame has beat for a few instants on the beds of ore, a strong odour of 
sulphur, and sometimes of arsenic, is perceived ; and soon afterwards loud detonations 
are heard in tho vaults. Suddenly the flame is seen to assume a blue colour, or even 
a white ; and at this period, after a slight explosion, flakes of the ore, of greater or 
less magnitude, usually fall down on the fire, but the chief j^rtion of the heated 
mineral still remains fixed to tho vault. The ores pass now into a shattered and 
divided condition, which allows them afterwards to be detached by long forks of iron. 
In this manner the fire, volatilising entirely some constituents, such as sulphur, zinc, 
arsenic, and water, changing tho aggregation of tho constituent parts of the ore, and 
causing fissures by their unequal expansibilities, facilitates the excavation of sndi 
materials as resist by their tenacity the action of gunpowder. 

The combustion goes on, without any person entering the mine, from Saturday 
evening till Monday morning, on which day the fireman and his assistants proceed to 
extinguish the remains of the bonfires. On Monday, also, some piles are constanicted 
in the parts where the elFect of the former ones has been incomplete ; and they are 
kindled after the workmen have quitted the mines. On Tuesday all hands axe am- 
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plojed in detadiing the orait in sorting them, taking them out, and preparing new 
pUes aminet the next Saturday. 

Onbe labour of a week eoneiste, for erery man, of five posts during the day, each of 
S hours, and of one post of 4 hours for Saturday. Moreover, an extra allowance is 
made to such workmen as employ themselves some posts during the night. 

The labour of one compartment, or aidiert of the mine consists, therefore, in 
arranging the fiaggote, in detaching the are which has already experienced the action 
of the fire ; in breaking the blocks obtained ; in separating the ore from the debris of 
the pile ; and, whenever it may be practicable or useful, in boring holes for blasting 
with gunpowder. Ihe heat is so great in this kind of mine that the men are obliged 
to work in it without clothing. 

We have already remarked that, besides the working by fire, which is chiefly used 
here, recourse is sometimes had to blasting by gunpowder. This is done in order 
either to recover the bottom part or ^ound of the vaults on which the fire can act but 
imperfectly, to clear away some projections which would interfere with the oifect of 
the pile, or, lastly, to strip the surrounding rock from the mass of the ore, and thence 
to obtain schist proper for the construction of the rubbish-terraces. 

The blasting-process is employed when the foreman of the workshop or mine- 
chamber judges that a hole well placed may separate enough of ore to pay the time, 
the repair of tools, and the gunpowder expended. But this indemnification is rarely 
obtained. The following statement will give an idea of the tenacity which the mineral 
deposit often presents : — 

In a portion of the Eammelsberg mine, the ore, consisting of extremely compact 
iron and copper pyrites, was attacked by a single man, who bored a mining-hole. 
After 11 posts of obstinate labour, occupying altogether 88 hours, the workman, 
being vigilantly superintended, had been able to advance t})e hole to a depth of no 
more than 4 inches; in doing which he had rendered entirely unserviceable 126 
punches or borers, besides 26 others which had been re-tipped with steel, and 
201 which had been sharpened; 6j^ lbs. of oil had been consumed in giving him 
light ; and ^ lb. of gunpowder was required for blasting the bore. It was found 
from a calculation made upon these facts by the administration of mines, that every 
inch deep of this hole cost, at their low price of labour, nearly a florin, value two 
shillings and sixpence. 

^ It is therefore evident that, though the timber, of which the consumption is pro- 
digiously great, were much less abundant and dearer tlian it still is at Eammelsberg, 
mining by fire would be preferable to every other mode of exploitation. It is even 
certain that, on any supposition, the employment of gunpowder would not be practi- 
cable for every part of the mine ; and if fuel came to fail, it would bo requisite to 
renounce the workings at Eammelsberg, although this mountain still contains a large 
quantity of metals. 

If in all mines the free circulation of air be an object of the highest importance, 
wo must perceive how indispensable it must be in every part of a mine where the 
mode of exploitation maintains the temperature of the air at 112° Fahr., when the 
workmen return into it after the combustion of the piles, and in which, besides, it is 
necessaiy that this combustion be effected with activity in their absence. But, in 
consequence of the extent and mutual ramifications of the workings, the number of 
the shafts, galleries, and their differences of level, the ventilation of tlie mine is in a 
manner spontaneously maintained. The high temperature is peculiarly favourable to 
it. The aid of art consists merely in placing some doors judiciously, which may be 
opened or shut at pleasure, to carry on the circulation of the air. 

In considering the Eammelsberg from its summit, which rises about 400 yards 
above the town of Goslar, we observe, first, beds of slaty sandstone, which become 
the more horizontal, the nearer they approach to the surface. At about 160 yards 
below the top level there occurs, in the bosom of the slaty greywacko, a powerful 
stratum of shells embedded in a ferruginous limestone. In descending towards the 
face of the ore, the parallel stratification of tlie clay-slate, which forms its walls and 
roof, grows more and more manifest. Here the slate is black, compact, and thinly 
foliat^. The inclination of the different beds of rock is considerable. 

The ores ore argentifereus and auriferous, but very slightly so, especially as to 
the gold. It is the ores of lead and copper wliicli contain the silver, and in the 
latter the gold is found, but without its being well ascertained in what mineral it is 
deposited. Sometimes the ore occurs in the native state, or as copper of cementation. 
Beautiful crystals of sulphate of lime are found in the old workings. 

In 1476, 1476, A b is the shaft of extraction, called the Kahneiihuhlcr ; n is 
the ventilation-shaft, called BreiUingervjetterschacht ; p is the extraction-shaft, called 

it % now ostiaetioiL*ahaft^ called Netmtrdbschachty by which also the water is 
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pumped up ; by a. b and b f the Trhole extraction are carried on. The ores are raised 
in these shafts to the level of the ^raggon-gallery {galerie de ro%dage) i, by the 
whims 1, q, provided with ropes and buckets. 1, 2, 

3, 4, Jfg. 1475, represent the positions of four water- 1476 

wheels for working the whims ; the first two being 
employed in extracting the ores, the last two in 
draining. The driving-stream is led to the wheel 1, 
along the drift I ; whence it fulls in succession upon 
the wheels 2, 3, 4. The general system of worlang 
consists of the following operations: — 

1. The bod of ore is got at by the transverse 
galleries m, n, o, q, r, s, which branch off from the 
extraction-shaft, and terminate at the wall of the 
main bed ; 

2. Great faults are scooped out at the level of the 
workings, by means of fire ; 

3. The roofs of those vaults are progressively 
propped with mounds of rubbish ; 

4. The ores thus detached, or by blasting with gun- 
powder, are then collected ; 

5. Lastly, they are brought out to tho day, and 
washed near z. 

Of the Instruments and Operations of Subter- 
ranean Mining, — It is by tho aid of gcometiy, in the 
first place, that the miner studies the situation of tho 
mineral deposits on tho surface and in the interior 
of the ground; determines the several relations of 
tho veins and the rocks ; and becomes capable of 
directing the perforations towards a suitable end. 

The instruments are : — 

1. The magnetic compass, which is employed to 
indicate the direction of a metallic lode. 

2. Tho graduated semicircle, which serves to 
measure tho inclination or dip; this instrument is 
also called the clinometer. 

3. The chain or cord for measuring the distance of one point from another. 

4. When the neighbourhood of iron makes the use of the magnet uncertain, a plate 
or plane table is employed. 

In order to penetrate into the interior of tho earth, and to extract from it tlio ob- 
jects of his toils, the miner has at his disposal several means, which may bo divided 
into throe classes : — 1, manual tools ; 2, gunpowder ; 3, fre, 

Tho tools used by tho miners of Cornwall and Devonshire are tho following : — 

Fig. 1477. The Fick. It is a light tool, and somewhat varied in shape according 
to circumstances. One side used as a hammer is called tho poll^ and is employed to 
drive in the gads^ or to loosen and detach prominences. The point is of steel, care- 
fully tempered, and drawn under the hammer to tlie proper form. Tho French call it 
pointeroUc. 

Fig. 1478. The Gad. It is a wedge of steel, driven into crevices of rocks, or into 
small openings made with the point of the pick. 

Fig. 1479. The Miner's Shovel. It has a pointed form, to enable it to pene- 
trate among tho coarse and hard fragments of the mine-rubbish. Its handle being 
somewhat bent, a man’s power may be conveniently applied without bonding his body. 

The blasting- or shooting-Uiols are : — a sledge or mallet^ fig. 1480 ; borer^ fig. 1481 ; 
claying-bar^ fig. 1482; needle or nail^ fig. 1483 ; soraper, fig. 1484; tamping-har^ 
fig. 1485. 

Besides these tools, tho minor requires a powder-horn ; he is supplied with safety- 
fus 9 (see Safety-Fuse) ; tin cartridges for occasional use in wet ground ; now more 
frequently is he supplied with cartridges made with well pitched paper. 

The borer ^ fig. 1481, is an iron bur tipped with steel, formed like a thick chisel, 
and is used by one man holding it straight in the hole, with constant rotation on 
its axis, while another strikes tho head of it with tho iron sledge or mallet, fig. 1480. 
Tho hole is cleared out from time to time by the scraper, fig. 1484, which is a 
flat iron rod turned up at one end. If the ground bo very wet, and the hole gets 
full of mud, it is cleaned out by a stick bent at the end into a fibrous brush, called 
a swab-stick, 

IHg. 1486 represents the plan of blasting the rock, and a section of a holejpeady for 
firing. The hole must be rendered as dry as . possible, which is effected Tezj fdmplj 
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>7 flUing it partir irith tenaciotui clay, and then driving into it a tapering iron 
rod, irhidi nearly &ls ito cidibre, called the chying-har (fig, 1482). This being forced in 



violence^ condenses the clay into all the crevices of the rock, and secures the 

dryness of the hole. When the hole 
is dry, and the charge of powder in- 
troduced, the nail, a small taper rod 
of copper, is inserted so as to reach 
the bottom of the hole, which is now 
ready for tamping. Different sub- 
stances are employed for tamping, 
or cramming tlie hole, the most usual 
one being any soft species of rock 
free from siliceous or flinty particles. 
Small quantities of it only are intro- 
duced at a time, and rammed very 
hard by the tamping-har, which is 
held steadily by one man, and struck 
■with a sledge by another. The hole 
being thus filled, the nail is -withdrawn by putting a bar through its eye, and striking 
it upwards. Thus a small perforation or vent is left for tlie safety-fuse which com- 
municates the fire. 

For convoying the fire, the large and long green rushes which grow in marshy 
ground were formerly used in our mines, and are still used in some quarries. A slit is 
mode in one side of the rush, along which tlie sharp end of a bit of stick is drawn, 
BO as to extract the pith, when the skin of the rush closes again by its own elasticity. 
This tube is filled up with gun^wder, dropped into the vent-hole, and made ready 
■with a bit of clay. A paper smift, adjusted to burn a proper time, is then fixed to 
the top of the rush-tube, and kindled, when the men of the quarry retire to a safe 
distance. The * safety-fuse * is now, however, almost universally employed. 

In^. 1486 the portion of the rock which would be dislodged by the explosion is 
that included between a and b. The charge of powder is included in that part 



1488 



1487 



■which fills the hole to c; from which point to the top, the hole is filled with 
igmpiMg, The oldjMii/7is shown at p. 
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Fig. 1487 is an iron bucket, or, as it is called in Cornwall, a kibhlet in which thd oie 
is raised in the shafts, by machines called whims or whimseys^ sometimes worked by 
horses, and frequently by steam-power. The best kibbles are made of sheet iron, and 
hold each about three hundred weight of ore: 120 kibbles are supposed to clears 
cubic fathom of rock. In place of the kibble, skips running in guides fixed on the 
sides of the shafts are now used in the large and well-conducted mines. 

Fig, 1488 represents the wheel-barrow used underground for conveying ore and waste 
to the foot of the shafts. It is made of light deal, except the whe^, which has a 
narrow rim of iron. 

In all mines, to a greater or 1489 

a less extent, there will bo 
found accumulations of water; 
it is necessary, therefore, to 
adopt measures to ensure its 
removal. The mineral trea- 
sures, being brought to tho 
surface, necessarily undergo 
a process of ‘ dressing,’ that 
is, tho separation of the richer 
from the poorer portion. For 
a full account of dressing ma- 
chinery, &c., see Dressino 
OF Ores. 

It sometimes happens that 
tho necessities of mining de- 
mand the construction of 
shafts in places covered with 
water. Some years since a 
very extraordinary case of this 
kind was carried out at tho 
Wherry Mine, near Penzance, 
where a cylinder of wood, 
rising through the sea, formed 
the entrance to a shaft sunk 
into tho mine. In a storm a 
ship ran against this wooden 
structure and destroyed it. 

, M. Triger, engineer in the 
department of Maine and Loire, 
had the idea of making a well 
in the very bed of the Loire 
by means of compressed air. 

A cylinder of thin iron, Jig, 

1489, sendng as a cutting 
machine, was sunk into tho 
alluvium; it was separated 
into three compartments by 
horizontal partitions. Tho upper compartment remained always open, tlie lower 
compartment was tho workshop, and between them was the middle one, which served 
as the chamber of equilibrium, designed to be put in communication with either 
the compfirtment above or tho one below. Tho things being so disposed, they forced 
into tho bottom compartment, air compressed by a vapour-machine without inter- 
mission. This air drove the water up a tube, of which the lower part was buried 
in tho bottom of tho excavation, and of which the upper part was raised above 
the cylinder. The workmen were then able to penetrate the first apartment and 
open the second, which was afterwards hermetically closed, and in which the air of 
ordinary pressure was put in communication with the compressed air in the third. 
Having arrived in the third compartment, they excavated the sands, and caused tho 
machine to descend. As they accumulated, tho sands excavated in the middle com- 
partment, they had only to remove them by shutting tho communication with the 
bottom and opening that of the top. A pressure sufficient to balance the exterior 
waters was maintained during the work, without sensibly incommoding the work- 
men. 

It is evident that wells dug in the water-saturated earths must immediately be eased, 
that is to say, covered with a casing of wood, of masonry, or of iron, solid and imper- 
meable, which is able to resist the infiltration and pressure of the waters at the same 
time. 





«K) MINING FOR COAL 

t Vor 8 dagcHj^on of the machine employed for facilitating the ascent and descent 
of miners^ ge e May EiforNB> 

Mnfl Mft VO& COAli* The processes of boring, by which it is usual to begin 
for the purpose of determining the existence and depth of any bed or beds of coal, have 
been already described. See Boring, 

Of Winning a Coalfeld,’^ln sinking a shaft for working coal, the great obsUcle to 
be encounter^ is water, particularly in the first opening of a field, which proceeds 
from the surface of the adjacent country ; for ereiy coal-stratum, however deep it 
may lie in one part of the basin, always rises till it meets the alluvial cover, or crops 
cutf unless it be met by a sKp or dyke. When the basset-edge of the strata is covered 
with gravel or sand, any body or stream of water will readily percolate downwards 
through it, and fill up the porous interstices between the coal-measures, till arrested 
by the face of a slip, which acts as a natural dam, and confines the water to one com- 
partment of the basin, which may, however, be of considerable area, and require a 
groat power of drainage. 

In reference to water, coal-fields are divided into two kinds: 1, level free coal; 
2t coal not level free. In the practice of mining, if a coal-field, or portion of it, is so 
situated above the surface of the ocean that a level can be carried from that plane till 
it intersects the coal, all the coal above the plane of intersection is said to bo level 
free ; but if a coal-field, though placed above the surface of the ocean, cannot, on 
account of the expense, be drained by a level or gallery, such a coal-field is said to bo 
not level free. 

Besides these general levels of drainage, there are subsidiary levels, called ofF-takes 
or drifts, which discharge the water of a mine, not at the mouth of a pit, but at some 
depth beneath the surface, where, from the form of the country, it maybe run off level 
free. From 20 to 30 fathoms off-t>ake is an object of considerable economy in pump- 
ing ; but even less is often had recourse to ; and when judiciously contrived, may serve 
t9 intercept much of the crop water, and prevent it from getting down to the dip part 
of the coal, whore it would become a heavy load on a hydraulic or pumping engine. 

Day-levels were an object of primary importance with the early miners, who had 
not the gigantic pumping power of the steam-engine at their command. Levels ought 
to be no less than 4 feet wide, and from 6 feet and a half to 6 feet high : which is largo 
enough for carrying off w’ater, and admitting workmen to make repairs and clear out 
depositions. When a day-level, however, is to servo the double purpose of drainage, 
and an outlet for coals, it should be at least 5 feet wide, with its bottom gutter for 
drainage cither covered over or open. In other instances a level not only carries off 
the water from the colliery, but is converted into a canal for bearing boats loaded with 
coals for the market. Some subterranean canals are 9 feet wide, and 12 feet high, 
with 5 feet depth of water. 

If, in the pro^ss of driving a level, workable coals are intersected before reaching 
the seam which is the main object of the mining adventure, an air-pit may be sunk, 
of such dimension as to serve for raising the coals. These air-pits do not in general 
exceed 9 feet in diameter; and tliey ought to be always cylindrical. Fig. 1490 repre- 
sents a coal-field where tiie winning is made by a diay-level ; a is the mouth of the 
galleiy on a level with the sea ; b, c, c, are inttrsectod coal-seams, to be drained by 
the gallery. But the coals beneath thi.s level must obviously be drained by pumping. 
A represents a coal-pit sunk on the coal e ; and if tlie gallery be pushed forward the 
coal-seams,/, g, and any others which lie in that direction, will also bo drained, and 
then worked by the pit a. The chief obstacle to the execution of day-levels, is 
presented by quicksands in the alluvial cover, near the entrance of the gallery. The 
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best expedient to be adopted amid this difficnltyr is the following 1491 repre- 

sents the strata of a coal-field a, with the alluvial earth a, b, containing the bod of 
quicksand b. The lower part, from which the gallery is required to be carried, is 
wown by the line b o. But the quicksand makes it impossible to push forwari this 
day-level directly. The pit b c must therefore be sunk through the quicksand by 
»aana of tubbing (to be presently described), and when the pit has descended a few 
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yards into the rock, the gallei^r or drift may then be pushed forward to the point d, 
when the shaft e d is put down, after it has been ascertained by boring that the rock- 
head or bottom of the quicksand at f is a few yards higher than the mouth of the 
small pit TJ. During this operation, all the water and mine-stuff are drawn off by the 
pit ji; but whenever the shaft ed is brought into communication with the gallery, the 
water is allowed to fill it from c to d, and rise up both shafts till it overflows at the 
orifice b. From the surface of the water in the deep shaft at o, a gallery is begun of 
the common dimensions, and pushed onwards till the coal sought after is intersected. 
In this way no drainage-level is lost. This kind of drainage-gallery, in the form of 
an inserted syphon, is called a drowned or a blind level# 

When a coal-basin is so situated that it cannot be rendered level free, the winning 
must be made by the aid of machinery. The engines at present employed in the 
drainage of coal mines are : — the water-wheel, the water-pressure engine, and tho 
steam-engine. See Hydraulic Machinery. 

Tho depth at which the coal is to be won, or to be drained of water, regulates the 
power of the engine to bo applied, taking into account tho probable quantity of water 
which may be found, a circumstance which governs the diameter of the working barrels 
of the pumps. Experience has proved, that in opening collieries, even in new fields, 
the water may generally be drawn off by pumps of from 10 to 20 inches diameter ; 
excepting where the strata are connected with rivers, sand-beds filled with water, or 
marsh-lands. As feeders of water from rivers or sand-beds may be hindered from 
descending coal-pits, the water proceeding from these sources need not be taken into 
account ; and it is observed, in sinking shafts, that though the influx which cannot be 
cut off from the mine may bo at first very great, even beyond tho power of tho engine 
for a little while, yet as this excessive flow of water is frequently derived from tho 
drainage of fissures, it eventually becomes manageable. The pumping machinery of 
a now colliery should be adequate to pump tho water in 8 or 10 hours out of the 24. 
In the course of years many water-logged fissures come to bo cut by tho workings, and 
the coal-seams got excavated towards tho outcrop, so that a constant increase of water 
ensues, and thus a colliery which has been long in operation, frequently becomes 
heavily loaded with water, and requires the action of its hydraulic machinery both 
night and day. 

Of Enghie-pits . — In every winning of coal, tho shape of tho engine-pit deserves 
much consideration. For shrifts of moderate depth, many forms are in use ; as circular, 
oval, square, octagonal, oblong-rectangular, and oblong-elliptical. In pits of incon- 
siderable depth, and whore the earthy cover is firm and dry, any shape deemed most 
convenient may be preferred ; but in all deep shafts, no shape but tho circular should 
be admitted. Indeed, when the water-run requires to be stopped by tubbing or cribbing, 
the circular is the only shape which presents a uniform resistance in every point to the 
equable circumambient pressure. The elliptical form is the next best, when it deviates 
little from the circle ; but even it has almost always given way to a considerable 
pressure of water. The circular shape has the advantiige, moreover, of strengthening 
the shaft walls, and is less likely to suffer injury than other figures, should any failure 
of the pillars left in working out the coal cause the shaft to be shaken by subsidence 
of the strata. The smallest engine-pit should be ten feet in diameter, to admit of the 
pumps being placed in the lesser segment, and the coals to be raised in the larger one, 
as shown in fig, 1492, which is called a double pit. If much work is contemplated in 
drawing coals, piirticularly if their masses bo large, it would be advantageous to make 
the pit more than 10 feet wide. When the area of a shaft is to be divided into three 
compartments, one for the engine-pumps, and two for raising coals, as in fig, 1493, 
which is denominated a triple pit, it should be 12 feet in diameter. If it is to bo 
divided into four compartments, and made a quadrant shaft, as in fig, 1494, with one 


space for the pumps, and three for ventilation and 
coal-drawing, the total circle should be 15 feet in 

diameter. These dimensions are, however, governed ^ ^ /^\ \ 

by local circumstances, and by tho daily discharge I A \ 

of coals. I B y/ V c |(b J \ K y 

If there is a large quantity of water to pump, it | 

is most desirable to appropriate a shaft exclusiveljj^ 

for the purpose. Another shaft being used for raising coal, and as an upcast for the 
ventilation of the mine. 


When only one shaft is sunk, and divided by wood or stone partitions, the ventila- 
tion of the mine is dependent upon these slight divisions of the shaft. If the p^i- 
tions of a shaft become injured or burnt, which has been the case with wood partitions, 
the ventilation of the mine may suddenly be destroyed. Many lives have been placed 
in great jeopardy by the burning of wood partitions, which has destroyed the ventila- 
tion and prevented escape up the shaft. 
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(- deieHption of the xoachino employed for facilitating the ascent and descent 

^ Enoimb. 

mmra apom ocas. The processes of boring, by which it is usual to begin 
■for the puipoee of determining the existence and depth of any bed or beds of coal, have 
been already described. See Boeing. 

Cf Winning a €oal-field,--ln sinking a shaft for working coal, the great obstecle to 
be eooountered is water, particularly in the first opening of a field, which pioceeds 
ficom the snrfiace of the adjacent country ; for every coal-stratum, however deep it 
may lie in one part of the basin, always rises till it meets the alluvial cover, or crops 
out, unless it be met by a slip or dyke. When the b.’issot-odge of the strata is covered 
with gravel or sand, any body or stream of water will readily percolate downwards 
through it, and fill up the porous interstices between the coal-measures, till arrested 
by the face of a slip, which acts as a natural dam, and confines the water to one com- 
partment of the basin, which may, however, be of considerable area, and require a 
great power of drainage. 

In reference to water, coal-fields are divided into two kinds : 1 , level free coal ; 
2, coal not level free. In the practice of mining, if a coal-field, or portion of it, is so 
situated above the surface of the ocean that a level can be carri^ from that plane till 
it intersects the coal, all the coal above the plane of intersection is said to be level 
free ; but if a coal-field, though placed above the surface of the ocean, cannot, on 
account of the expense, be drained by a level or gallery, such a coal-field is said to be 
not level free. 

Besides these general levels of drainage, there are subsidiary levels, called ofF-takes 
or drifts, which discharge the water of a mine, not at the mouth of a pit, but at some 
depth beneath the surface, where, from the form of the country, it may bo run off level 
free. From 20 to 30 fathoms ofif-take is an object of considerable economy in pump- 
ing; but even less is often had recourse to; andwhon judiciously contrived, may serve 
to intercept much of the crop water, and prevent it from getting down to the dip part 
of the coal, where it would become a beaiy load on a hydraulic or pumping engine. 

Day-levels were an object of primary importance with the early minors, who had 
not the gigantic pumping power of the steam-engine at their command. Levels ought 
to be no less than 4 feet wide, and from 6 feet and a half to 6 feet high : which is largo 
enough for carrying off water, and admitting workmen to make repairs and clear out 
depositions. When a day-level, however, is to serve the double purpose of drainage, 
and an outlet for coals, it should be at least 5 feet wide, with its bottom gutter for 
drainage either covered over or open. In other instances a level not only carries off 
the water from the colliery, but is converted into a canal for bearing boats loaded with 
coals for the market. Some subterranean canals are 9 feet wde, and 12 feet high, 
with 6 feet depth of water. 

If, in the progress of driving a level, workable coals are intersected before reaching 
the seam which is the main object of the mining adventure, an air-pit may be sunk, 
of such dimension as to serv'e for raising the coals. These air-pits do not in general 
exceed 0 feet in diameter ; and they ought to bo always cylindrical. F^. 1490 repre- 
sents a coal-field where the winning is made by a day-level ; a is the mouth of the 
gallery on a level with the sea ; 6, c, d, e, are intersected coal-seams, to be drained by 
the galleiy. But the coals beneath this level must obviously be drained by pumping. 
A represents a coal-pit sunk on the coal e ; and if the gallery be pushed forward tlio 
coal-seams,/, o, and any others which lie in that direction, will also l>e drained, and 
then work^ by the pit a. The chief obstacle to the execution of day-levels, is 
presented by quicksands in the alluvial cover, near the entrance of the gallery. The 
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best expedient to be adopted amid this difficulty is the following : — Fig. 1491 repre- 
sents the strata of a coal-field a, with the alluvial earth a, b, containing the bed of 
qm(ksand6. The lower part, ficom which the gallery is required to be carried, is 
ftbown by the line b o. But the quicksand makes it impossible to push forward this 
4^4evel directly* The pit b c must therefore be sunk through the quicksand by 
MilBiii (ff tuUmig (to be presently described), and when the pit has descended a few 
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yards into the rock, the gallery or drift may then be pushed forward to the point D, 
when the shaft e d is put down, after it has been ascertained by boring that the rock- 
head or bottom of the quicksand at f is a few yards higher than the mouth of the 
small pit B. During this operation, all the water and mine-stufiF are drawn off by the 
pit B ; but whenever the shaft ed is brought into communication with the gallery, the 
water is allowed to fill it from c to d, and rise up both shafts till it overflows at the 
orifice b. From the surface of the water in the deep shaft at g, a gallery is begun of 
the common dimensions, and pushed onwards till the coal sought after is intersected. 
In this way no drainage-level is lost. This kind of drainage-gallery, in the form of 
an inserted syphon, is called a drowned or a blind level* 

When a coal-basin is so situated that it cannot be rendered level free, the winning 
must be made by the aid of machinery. The engines at present employed in the 
drainage of coal mines are : — the water-wheel, the water-pressure engine, and the 
steam-engine. See Hydraulic Machinery. 

The depth at which the coal is to be won, or to be drained of water, regulates the 
power of the engine to be applied, taking into account the probable quantity of water 
which may be found, a circumstance which governs the diameter of the working barrels 
of the pumps. Experience has proved, that in opening collieries, even in new fields, 
the water may generally bo drawn off by pumps of from 10 to 20 inches diameter ; 
excepting where the strata are connected with rivers, sand-beds filled with water, or 
marsh-lands. As feeders of water from rivers or sand-beds may bo hindered from 
descending coal-pits, the water proceeding from these sources need not bo taken into 
account ; and it is observed, in sinking shafts, that though the influx which cannot be 
cut off from the mine may bo at first very groat, even beyond tho power of the engine 
for a little while, yet as this excessive flow of water is frequently derived from the 
drainage of fissures, it eventually becomes manageable. The pumping machinery of 
a new colliery should be adequate to pump the water in 8 or 10 hours out of tho 24. 
In the course of years many water-logged fissures come to bo cut by the workings, and 
the coal-soams get excavated towards tho outcrop, so that a constant increase of water 
ensues, and thus a colliery which has been long in operation, frequently becomes 
heavily loaded with water, and requires the action of its hydraulic machinery both 
night and day. 

Of Engine-yits , — ^In every winning of coal, tho shape of the engine-pit deserves 
much consideration. For shafts of moderate depth, many forms are in use ; as circular, 
oval, square, octagonal, oblong-rectangular, and oblong-elliptical. In pits of incon- 
siderable depth, and whore the earthy cover is firm and dry, any shape deemed most 
convenient may be preferred ; but in all deep shafts, no shape but tho circular should 
be admitted. Indeed, when the water-run requires to be stopped by tubbing or cribbing, 
the circular is the only shape which presents a uniform resistance in every point to the 
equable circumjimbient pressure. The elliptical form is the next best, when it deviates 
little from the circle ; but even it has almost always given way to a considerable 
pressure of water. The circular shape has tho advantage, moreover, of strengthening 
tho shaft walls, and is loss likely to suffer injury than other figures, should any failure 
of tho pillars loft in working out the coal cause the shaft to be shaken by subsidence 
of tho strata. The smallest engine-pit should be ten feet in diameter, to admit of the 
pumps being placed in the lesser segment, and the coals to be raised in tho larger one, 
as shown in jig. 1492, which is called a double pit. If much work is contemplated in 
drawing coals, particularly if their masses be large, it would be advantageous to make 
the pit more than 10 feet wide. When the area of a shaft is to be divided into three 
compartments, one for the engine-pumps, and two for raising coals, as in jig. 1493, 
which is denominated a triple pit, it should be 12 feet in diameter. If it is to bo 
divided into four compartments, and made a quadrant shaft, as in jig. 1494, with one 
space for tho pumps, and three for ventilation and 
coal-drawing, tho total circle should be 15 feet in 

diameter. These dimensions are, however, governed ^ 

by local circumstances, and by the daily discharge 
of coals. V 

If there is a large quantity of water to pump, it ^ 
is most desirable to appropriate a shaft exclusively 
for the purpose. Another shaft being used for raising coal, and as an upcast for the 
ventilation of the mine. 

When only one shaft is sunk, and divided by wood or stone partitions, the ventila- 
tion of the mine is dependent upon these slight divisions of the shaft. If the parti- 
tions of a shaft become injured or burnt, which has been the case with wood partitions, 
the ventilation of the mine may suddenly be destroyed. Many lives have been placed 
in great jeopardy by the burning of wood partitions, which has destroyed tho ventila- 
tion and prevented escape up the shaft. 
voL. ni. 
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‘ lEht momt approved anangotaetit of shafts for a large colliery yielding explosive gas, 
ioA where water has ip be feump^. is to sink a shaft for pumping, another for raising 
and a third ft^'J^fation or upcast ; at the bottom of which is kept burning a 

laj^ fhrnacNi. z v 

as it passes through the earthy cover, should be securely faced with masonry 
of jointed ashlar, uaving its joints accurately bevelled to the centre of the circle.^ 

When alluvial cover is a soft mud, recourse must be had to the operation ot 
tubbing. A circular tub, of the requisite diameter, is made of planks from 2 to 3 
Ipchei thick, with the joints bevelled by the radins of the shaft, inside of which are 
cribs of hard wood, placed from 2 to 4 feet asunder, as circumstances may require. 
These cribs are constructed of the best heart of oak, sawn out of the natural curvature 
of the wood, adapted to the radius, in segments from 4 to 6 feet long, from 8 to 10 
indies in the bed, and 6 or 6 inches thick. The length of the tub is from 9 to 12 
feet, if the layer of mud have that thickness ; but a succession of such tubs must be 
set on each other, provided the body of mud be thicker. Tlie first tub must have its 
lower edge thinned all round, and shod with sharp iron. If the pit be previously se- 
cured to a certain depth, the tub is made to pass within tlio cradling, and is lowered 
down with tackles till it rests fair among the soft alluvium. It is then loaded with iron 
weights at top, to cause it to sink down progressively as the mud is removed from its 
interior. Should a single tub not reaA the solid rock (sandstone or basalt), then 
another of like construction is set on, and the gravitating force is transferred to the 

top. Fiff, 1495, represents a bed of quicksand 
resting on a bod of impervious clay, that im- 
mediately covers the rock, a is a finished 
shaft ; a a, the quicksand ; b 6, the excavation 
necessarily sloping much outwards; c c, tlie 
lining of masonry; d d, the moating or puddle 
of clay, hard rammed in behind the stono-work, 
to render the latter water-tight. In this case, 
the quicksand being thin in body, has been kept 
under for a short period, by the hands of many men scooping it rapidly away as it filled 
in. But the most efiectual method of passing through beds of quicksand, is by moans 
of cast-iron cylinders ; called therefore, cast-iron tubbing. When the pit has a small 
diameter, those tubs are made about 4 feet high, with strong flanges and bolt holes 
inside of the cylinder, and a counterfort ring at the neck of the flange, with brackets : 
the first tub, however, has no flange at its lower edge, but is rounded to facilitoto its 
descent through the mud. Should the pit be of Large diameter, then the cylinders 
must be cast in segments of 3,4, or more pieces, joined together with inside vertical 
flanges, well jointed with oakum and white-lead. When the sand-bed is thick, eighty 
feet, for instance, it is customary to divide that length into throe sets of cylinders, each 
thirty feet long, and so sized as to slide within each other, like the eye-tubes of a telescope. 
Thess cylinders are pressed down by heavy weights, tfiking care to keep the lower part 
always further down than the top of the quicksand, where the men are at work with their 
shovels, and where the bottom of the pumps hangs for witlidrawing the surfiice water. 

The engine-pit being secured, the process of sinking through the rock is ready to be 
commenced, as soon as the divisions of the pit formed of carpentry, called brattices, 
are made. In common practice, and where great tightness of joining is not required, 
for ventilating inflammable air, bars of w^ called buntons, about 6 inches thick 
and 9 deep, ore fixed in a horizontal position across the pit, at distances from each 
other of 10, 20, or 30 feet, according to circumstances. Being all ranged in the same 
vertioal plane, deals an inch and a half thick are nailed to them, with their joints 
psrfeotly close; one half of the breadth of a bun ton being covered by the ends of the 
deals. In deep pits, where the ventilation is to be conducted through the brattice, 
tile side of the Duntous next the pumps is covered with deals in the same way, and tlio 
joints are rendered secure by being caulked with oakum. Fillets of wood are also fixed 
all the way down on each tide of the brattice, constituting what is called a double pit. 

^^en a shafe is to have 3 compartments, it requires more care to form the brattice, 
as none ef the buntons stretch across the whole space, but merely meet near the 
middle, and join at certain angles with eadi other. As the buntons must therefore 
sustain ea^ other, on the principle of the arch, they are not laid in a horizontal plane, 
but have a rise from the sides towards the place of junction of 1 or 9 inches, and are 
bound togetiier by a three-tongued iron strap. Fillets of wood are carried down the 
whole dept^ not merely at the joinings of the brattice with the sides of the pit, but 
also at tiiefr central ^ace of union ; while wooden pillars connect the centre of each 
net of bnntoiif with wose above and below. Thus the carpentry work acquires suifi- 
ffeat strength and stiflhess. 

In qnamnt shafts the buntons cross each other towards the middle of the pit, and 
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are generally let into each other about an inch, instead of being half-checked. Fiff, 
1492 is a double shaft: a, the pump pit ; b, the pit for raising coal. Fig, 1493 is a 
triple shaft ; in which a is the pump compartment ; b and c ai*e coal pits. Fig, 1494 
is a quadrant shaft : A, the pump pit ; B, pit for ventilation or upcast for the smoke ; 
c and B, pits for raising coals. 

Whenever the shaft is sunk so low that the engine is needed to remove the water, 
the first set of pumps may bo let down, by the method represented in jig. 1496 ; where 
A is the pump ; a a, strong oars through which pass the iron rods con- 
nected with the spears hb\ c are the lashings ; the hoggar pump ; 
r, the hoggar ; / the tackles ; g g^ the single pulleys ; and i, the pump- 
spears. By this mechanical arrangement the pumps are sunk in the most 
gradual manner, and of their own accord, so to speak, as the pit descends. 

To the arms of the capstans, sledges are fastened with ropes or chains ; 
the sledges are loaded with weights, as counterpoises to the weight of the 
column of pumps, and when additional pumps are joined in, more weight 
is laid on the sledges. As the sinking sot of pumps is constantly descend- 
ing, and the point for the delivery of the water above always varying, a 
pipe, of equal diameter with the pumps, and about 1 1 feet long, but 
much lighter in metal, is attached to e, and is terminated by a hose of 
leather, of sufficient length to reach the cistern where the water is de- 
livered, This is called the hoggar-pipe. In sinking- a vast quantity of 
air enters with the water, at every stroke of the engine ; and therefore 
the lifting stroke should be very slow, and a momont/iry stop should 
take place before the returning stroke, to suffer all the air to escape. 

As the working barrels are generally 9 or 10 feet long, and the lull 
stroke of the engine from 7 to 8 feet, when at regular work, it is custom- 
ary to diminish the length of stroke, in sinking, to about 6 feet ; because, 
while the pumps are constantly getting low'or, the bucket in the working 
])arrol has its working range progressively higher. 

Another method of suspending the pumps in the sinking shaft, in the 
place of the ropes and blocks, is by two powerful iron screws about 
15 feet in length, which are supported at the top of the shaft by strong 
beams of timber. As the shaft is sunk, the pumps are lowered by the 
screws; when lowered sufficient for a pump 9 feet in length, the pumps are securely 
fastened, while the screws are detached and screwed up ready for again lowering the 
pumps as the shaft is sunk. 

The water obtained in sinking through the successive strata is, in ordinary cases, 
conducted down the walls of the shaft ; and if the strata are compact, a spirul groove 
is cut down tho sides of the shaft, and when it can hold no more, the water is drawn 
off in a spout to tho nearest pump-cistern ; or a perpendicular groove is cut in the 
side of tho shaft, and a square box-pipe either sunk in it, flush with tho sides of the 
pit, or it is covered with deal boards well fitted over tho cavity. Similar spiral rings 
are formed in succession downwards, which collect the triclding streams, and conduct 
them into the nearest cistern ; or rings made of wood or cast iron, are inserted flush 
witli the sides of tho pipe ; and the water is led fix)in one ring to another, tlirough 
perpendicular pipes, until the undermost ring is full, when it delivers its waters into 
tho nearest pump-cistom. Keeping the shaft dry is very important to the comfort of 
tho miners, and tho durability of the work. 

When an engine shaft happens to pass through a great many beds of coal, a gallery 
a few yards long is sometimes driven into each coal-seam, and a boro then put down 
from one coal-seam to anotlior, so that the water of each may pass down through these 
bores to the pump-cisterns. The water is more frequently taken down the shaft in 
pipes to tho nearest cistern. 

While a deep pit is sinking, a register is kept of every part of tho excavations, and 
each feeder of water is measured daily, to ascertain its rate of discharge, and whether 
it increases or abates. Tho mode of measurement is by noting tho time, with a 
seconds watch, in which a cistern of 40 or 50 gallons gets filled. There are modes 
of keeping back or stopping up these feeders, by plank tubbing, iron tubbing, and 
by oak cribs. Lot fig, 1497 represent the sinking of a shaft through a variety of 
strata, having a top cover of sand, with much water resting on the rock summit, i^ch 
^ane of the coal-measure rises in a certain direction till it meets the alluvial cover. 
Hence tho pressure of tho water at tho bottom of the tubbing that rests on the summit 
of the rock is as the depth of water in tho superficial alluvium ; and if a stratum a 
affords a. great body of water, while tho superjacent stratum b, and the subjacent c, are 
impervious to water; if tho porous bod a be 12 feet thick, while no water occurs in 
the strata passed through from the rock-head, until the depth (supposed to be 60 
fathoms from Ahe surface of the water in tho cover) ; in this case, the tubbing or 
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cnbUng intuit iostain the sum of the two water-presBures, or 62 fathoms ; since the 
jtxatnm. n meets the alluvial cover at <2, the fountain-head of all the water that occurs 
in ffnVing l Thus we perceive, that though no water-feeder of any magnitude should 
present its^ till the shaft had been sunk 100 fathoms ; if this water required to be 
rtopped up or tubbed off through the breadth of a stratum only 3 feet thick, the 
tnmbi^ would need to have a strength to resist 100 fathoms of water-pressure. For 
tlinug h water at first oozes merely in discontinuous particles through the open 
pores of the sands and sandstones, yet it soon fills them up, like a myriad of tubes, 
which transfer to the bottom the total weight of the hydrostatic column of 14.90 
100 lathome ; and experience shows, as we have already statojl, that what- 
ever water occurs in coal-pits, or in mines, generally spe^ng, proceeds 
fiim the surface of the ground. Hence, if the cover be an impervious bed 
of day, very little water will be met with among the strata, in comparison 
with what would be found under sand. 
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When several fathoms ot tne strata must be tubbed, in order to stop up the water- 
fiow, the shaft must be widened regularly to admit the kind of tubbing that is to be 
inserted ; the greatest width being needed for plank-tubbing, and the least for iron- 
tubbing. Fig. 1498 represents a shaft excavated for plank-tubbing, where a, a, a, a are 
the impervious strata, b the porous bods water-logged, and c, c the bottom of the 
excavation, made level and perfectly smooth with mason chiseds. The same precfiii- 
tions are taken in working off the upper part of the exciivation d, d. In this opera- 
tion, three kinds of cribs are employed ; called wedging, spiking, and main cribs. 
Besides the stout plank for making the tub, a quantity of woll-soasonod and clean 
reeded deal is required for forming the joints ; called sheeting deal by the workmen. 
This sheeting deal is always applied in pieces laid endwise, with the end of the fibres 
towards the area of the pit. Since much of the security from water depends on the 
tightness of the tub at its jointing with the rock, several plans have been contrived to 
effect this object ; the most approved being represented in fig. 1499. To make room 
for the lower weeing crib, the recess is excavated a few inches wider, as at c ; and 
from b to c, sheeting deals are laid all round the circle, or a thin stratum of oakum 
is introduced. On this the wedging crib d is applied, and neatly jointed in the radius- 
line of the pit, each segment being drawn exactly to the circle : and at each of its 
elements sheeting deal is inserted. This wedging crib must bo 10 inches in the bed, 
and 6 inches deep. The vacuity c, at the back of the crib, siboiit 2 and a half inches 
wide, is filled with pieces of dry clean reeded deal, inserted endwise ; wdiich is regularly 
wedged with one set of wedges all round, and then with a second and a third set of 
wedges, in the same regular style, to keep the crib in a truly circular posture. By 
this process, well executed, no water can pass downwards by the b?ick of the crib. 
The next operation is to fix spiking cribs/, to the rock, about 10 or 12 feet from the 
lower crib, according to the length of the pbinks to be used for the tubs. They must 
be set fair to the sweep of the shaft, as on them its true circular figure depends. The 
tabbing deals, Ir, must now be fixed. They are 3 inches thick, 6 broad, and planed on 
all sides, with the joints accurately worked to the proper bevel for the circle of the 
fnt. The main cribs, g g^ are then to be placed as counterforts, for the support and 
strength of the tubHng. The upper ends of the first set of tub-planks being cut 
jiquare and level all round, the second spiking crib, I, is fixed, and another set of 
tabbing deals put round like the former, having sheeting deal inserted betwixt the 
ends of the two sets at/. When this is wedged, the cribs, h A, are placed. 

Oak eribbii^ is made with pieces of the best oak, from 3 to 4 feet long, 10 inches 
in the bed, and 7 or 8 inches deep. 

■ The third mode of tabbing, by means of iron cylinders cast in segments, now 
wipexse^ the wooden tubbing, from the great reduction in the price of iron, 
its superior strength and dnxability. Each segment is adjusted piece to piece 
in the eircular recess of the pit cut out for their reception. The flange for the 
wodmng joint is best turned inwards. In late improvements of this plan, executed 
by Buddie, where the pressure amounted to several hundred feet, the segments 
6 feet long, 2 feet brm, and an inch thick, counterforted with ribs or raised 
•woik on the b^ ; tiie lip of the flange was strong, and support^ by brackets. 
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These segmerts of the iron cylinder nro set true to the radius of the pit : and every 
horizonUl and perpendicular joint is made tight with a layer of sheeting deal. A 
wedging crib is fixed at the bottom, and the segments are built up regularly with 
joints like ashlar- work. This kind of tubbing can be carried to any height, till the 
water finds an outlet at the surface, or till strata containing water can be tubbed off, as 
by the modes of tubbing already described. A shaft finished in this manner presents 
a smooth lining-wall of iron, the flanges being turned towards the outside of the 
cylinders. In this iron tubbing, no screw bolts are needed for joining the segments 
together ; as they are packed hard within the pit, like the staves of a cask. 

The weight of the hydrostatic column is not the only pressure to which the tubbing 
is exposed. There is the pressure from accumulated carburetted hydrogen gas, 
which considerably exceeds the water-pressure. If the tubbing in deep shafts was 
put in without pressure pipes, it would be liable to be fractured by great pressure 
from gas. The pressure pipes are usually fixed to each length of tubbing ; strong 
taps or cocks are first screwed into the tubbing, and malleable iron pipes of from 1 to 
2 inches in diameter are fixed to the tops and carried up to the surface ; and in many 
cases a continual overflwv of gas and water issues. By these means the tubbing is 
only subject to the pressure due to the hydrostatic column. 

Before tubbing a shaft, it is necessary to ascertain whether the strata containing 
water is likely to be dislocated, so as to let down the water by working the coal 
away ; in such a case, tubbing the shaft is unnecessary. The judgment of the mining 
engineer must decide about this. 

When a porous thin bod or parting betwixt two impervious strata gives out much 
water, or when the fissures of the strata, called cutters, are very leaky, the water can 
bo completely stopped up by the improved process of wedging. The fissure , rnn 
is cut open with chisels, to a width of 2, and a depth of 7 inches, as 
represented in^. 1600. The lips being rounded off about an inch and a 
half, pieces of clean deal are then driven in, whose face projects no further 
than the contour of the lips, when the whole is firmly wedged, till the water 
is entirely stopped. By sloping back the edges of the fissures, and wedging 
back from the face of the stone, it is not liable to burst or crack off in the operation, 
as took place in the old way, of driving in the wedge directly. 

Messrs. Kind and Chaiidron’s improved methods of sinking shafts through water- 
bearing strata and bods of quicksand, successfully practised in many of the continental 
coal-fields, are fully described in the article Boring. 

Working of Coal . — A stratum, bed, or seam of coal, is not a solid mass, of uniform 
texture, nor always of homogeneous quality. It is 
often divided and intersected, with its concomitant 
strata, by what are named partings, backs, cutters, 
reeds, or ends. Besides the chief partings at the 
roof and pavement of the coal-seam, there are sub- 
ordinate lines of parting in the coal mass, parallel 
to these, of variable dimensions. These divisions 
are delineated in fig. 1601, where a, b, c, d, e, f, o, 
represent a portion of a bed of coal; the paral- 
lelogram A B D c the parting at the roof, and e f o 
the parting at the pavement \ ah, be, de^ and ef are the subordinate or intermediate 
partings ; gh,ik,l m, the backs ; o q, r s, st,u v, and v w, tlie cutters. It is 
thus manifest that a bed of coal, according to the number of these natural divisions, is 
subdivided into solid figures of various dimensions, and of a cubical or rhomboidal shape. 

When the engine-pit is sunk, and the lodgement formed, a heading or drift is then 
made in the coal to the rise of the field, or a cropping from the engine-pit to the se- 
cond pit. This heading may be 6 or 8 feet wide, and carried either in a line directly 
to the pit bottom, or at right angles to the backs or web of the coal, until it is on a line 
with tile pit, where the heading is set off, upon one side, to the pit bottom. This 
heading is carried as nearly parallel to tlio backs as possible^ till the pit is gained* 
Fig, 1602 represents this mining operation, a, is the 
engine-pit. b, the second or bye-pit, A c, the gallery or 
Jieadiug driven at right angles to the backs, c b, the 
gallery sot off to the right hand, parallel to the backs. 

The next step is to drive the main levels from the engine- 
pit bottom. In this business the best colliers are always 
employed, ^ the object is to drive the gallery in a truly 
level direction, independently of all sinkings or risings of 
tlie pavement. For coal-seams of ordinary thickness, this 
gallery is usually not more than 6 feet wide ; observing to have on the dip side of th# 
level a small quantity of water, like tliat o£ a gutter, so as to guide the workmen in 
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driving^ Uie level. When the level is driven correctly, with the proper depth of water, 
it is aSd to h»ve dead water at the face. In this o|)eration, therefore, the miner pays 
no regard to the backs or cutters of the coal ; but is guided in his lino of direction 
entirely by the water-level, which he must attend to solely, without regard to slips or 
dislocations of the strata thirowing the coal up or down. In the last figure, the coal-field 
is a portion of a basin ; so that if the shape be uniform and unbroken, and if any point 
be assumed on the dip of the crop, as n, the level lines from that point will bo parallel to 
the line of cnop, as n b, n f, and the levels from any point, whatever the dip or incli- 
nation of strata, will be also parallel to these ; and hence, were the coal-field an entire 
elliptical basin, the dip-head levels carriodfrom any point would be elliptical, and parallel 
to the crop. If, as is more commonly the case, the coal-field be merely a portion of a 
basin, formed by a slip of the strata, as representod in 
fyf. 1503, where a, a, a is the crop and a n, a slip of great 
magnitude, forming another coal-field on the side c, then 
the crop not only meets the alluvial cover, hut is cut off 
by the slip at a and at n. Should any point, therefore, 
be assigned for an engine-pit, the levels from it will 
proceed in a line parallel to the crop, as d tf, d c ; and the level on both sides of the 
engine-pit will be also cut ofiT by the slip a b. In this figure, the part included be- 
tween the two curve lines is the breadth or breast of coal-field won by the engine-pit 
2) ; what is not included is termed the undcr-dip coal, and can be worked only by one 
or more new winnings towards the dip, according to circumstances. 

In British practice, there are four difiPerent S3*stems of working coal-mines. 

1. Working with pillars and rooms or boards, styled post and stall, where the 
pillars left bear such proportion to the coal excavated as is just adequate to the sup- 
port of the incumbent strata. 

2. Working with post and stall, where the pillars are left of an extra size, and 
stronger than may be requisite for bearing the superior strata, with the intention ot 
removing a considerable portion of each massive pillar, whenever the regular working 
of post and stall has been finished in the colliery. 

3. Working with post and stall, or with comparatively narrow rooms or boards, 
whereby an uncommonly large proportion of coal is left, with the view of working hack 
towards tho pits, whenever the colliery is worked in this manner to the extent of the 
coal-field, and then taking away every pillar completely, if possible, and allowing the 
whole superincumbent strata to crush down, and follow the miners in their retreat. 

4. Working the long way, being the Shropshire and Derbyshire method ; which leaves 
no pillars, but takes out all the coal progressively as the workings advance. On this 
plan the incumbent strata crush down, creeping very close to the heads of tho miners. 

The post-and-stall system is practised with coals of every thickness. The long-work 
method is adopted generally with thin coals ; for when the thickness exceeds 6 or 7 
feet, and there is only little refuse made in excavating the coal to cart into the exca- 
vated part, this mode has been found impracticable. 

The following considerations must be had in view in establishing a coal-mine : — 

1. The lowest coal stratum of the winning should bo worked in such a manner .'is 
not to injure the working or the value of the upper coals of tho field ; but, if this 
cannot be done, the upper coals should be worked in the first place. TlKsrfj are, how- 
ever, cases where an upper seam of coal can bo worked more advantageously liy 
worldng a lower seam first on the long-wall method. 

2. The coals must be examined as to texture, hardness, softness, the niimbcr and 
openness of the backs and cutters. 

3. The nature of the pavement of the coal-seam, particularly as to hardness and 
softness ; find if soft, to what depth it may be so. 

• 4 * Ihc nature of the roof of the coal-seam, whether compact, firm, and strong ; or 
weak, and liable to fall ; as also the nature of the superincumbent str.ita. 

5, The nature of the alluvial cover of the ground, as to water, quicksands, &c. 

, 6. The situation of rivers, lakes, or marshes ; particularly if any be near tho out- 
crop of ^e coal-strata. 

7. The situation of towns, villages, and mansion-houses, upon a coal-field as to the 
chance of their being injured by any particular mode of mining the coal. 

Mr. Bald gives the following general rules for determining the best mode of work- 
ing coal by post and stall : — 

* 1. If the coal, pavement^ and roof, are of ordinary hardness, the pillars and 
rooms may be proportioned to oach other, corresponding to the depth of tlie super- 
incumbent strata, providing all the coal proposed to be wrought is taken away by the 
first working, as in the first systems ; but, if the pillars are to be winged, or partially 
^wnrked aftwwardsi, they must be left of an extra strength, as in the second system. 

: If Ihe pavement is soft» and the coal and roof strong, pillars of an extra size 
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must be left, to prevent the pillars sinking into the pavement, and producing a 
creep, 

* 3. If the coal is very soft, or has numerous open backs and cutters, the pillars 
must bo left of an extra size, otherwise the pressure of the superincumbent strata will 
make the pillars fly or break off at the backs and cutters, tho result of which would 
be a total destruction of tho pillars, termed a crush or sit, in which the roof sinks to 
the paromont, and closes up tho work. 

‘ 4. If tho roof is very bad, and of a soft texture, pillars of an extra size are re- 
quired, and the rooms or boards comparatively very narrow. 

‘ In short, keeping in view all the circumstances, it may be stated generally, that 
when tho coal, pavement, and roof, aro good, any of tho systems before mentioned 
may be pursued in the working ; but if they are soft, tho plan is to work with rooms 
of a moderate width, and with pillars of great extra strength, by which the greater 
part of tho coal may be got out at the last of the w’ork, when the miners retreat to the 
pit bottom, and there finish the workings of a pit.’ 

Fig. 1504 represents the effect of pillars sinking into the pave- 1504 

ment, and producing a creep ; ivad fig. 1505 exhibits large pillars 
and a room, with the roof stratum bending down before it falls 
at a. Thus the roads will be shut up, the air-courses destroyed, MW 1505 

and tho whole economy of the mining operations deranged. ^ 

In tile ‘ Report from the Select Committee of the House of Lords, appointed to take 
into consideration the state of tho Coal Trade in the United Kingdom,’ printed in 
June 1829, under the head of Mr. Buddie’s evidence, we have an excellent description 
of the nature and progress of creeps, which we have adverted to in tho preceding ac- 
count. The annexed figure (1606) exhibits tho creep in all its progressive stages, 
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1. First stage of active creep. 

2. Second do. 

3. Third do. 

4. Fourth do. 


5. The metal ridge closed, and the creep beginning 
to settle. 

6 and 7, The creep settled, the metal ridges being 
closely compressed, and supporting the roof. 


from its commencement until it has completely closed all tho workings, and crushed 
the pillars of coal. The section of the figures supposes us standing on the level of 
the different galleries which are opened in the seam. The black is tho coal pillars 
between each gallery ; when these are weakened too much, or, in other words, when 
their bases become too narrow for the pavement below, by the pressure of the in- 
cumbent strata, they sink down into the pavement, and tho first appearance of creep 
is a little curvature in tho bottom of each gallery : that is, the first symptom obvious 
to sight ; but it may generally be hoard before it is seen. The next stage is when the 
pavement begins to open with a crack longitudinally. Tho succeeding stage is when 
that crack is completed, and it assumes tho shape of a metal ridge. The next is 
when the metal ridge roaches tho roof. The following stage is when the peak of the 
• metal ridge becomes flattened by pressure, and forced into a horizontal direction, 
and becomes quite close ; just at this moment tho coal pillars begin to sustain part of 
tho pressure. Tho next is when the coal pillars take part of the pressure* Tho last 
stage is when it is dead and settled , that is, when tho metal or factitious ridge, formed 
by tho sinking of tho pillar into the pavement, bears, in common with the pillars of 
coal on each side, the full pressure, and the coiil becomes crushed or cracked, and can 
be no longer worked, except by a very expensive and dangerous process. 

The proportion of coal worked out, to that loft in the pillars, when all the coal 
intended to be removed is taken out at the first working, varies from four-fifths to 
two-thirds ; but, as the loss of oven one-third of the whole area of coal is far too much, 
the better mode of working, suggested in the third system, ought to be adopted. 

The proportion of a winning to be worked may be thus calculated : — Let fg. 1607 
bo a small portion of the pillars, rooms, and thirlings, formed in a coal-field ; a, a, 
are two rooms ; 5, the pillars ; c, the thirlings (or area worked out). Suppose the 
rooms to be 12 feet wide, tho thirlings to bo the same, and the pillars 12 feet on eodi 
side ; adding the face of the pillar to the width of tho room, the sum is 24 ; and also 
the end of the pillar to the width of tho thirling, the sum is likewise 24; then 
24 X 24 = 576 ; and the area of the pillar is 12 x 12 = 144 ; and as 676 (^vided by 144 
gives 4 for a quotient, tho result is, that one-fourth of the coal is left in pillars, and 
three-fourths extracted^ Let g^ bo one winning, and y, c, Jcy another. By 

inspecting the figure, we perceive the workings of a coal-field aro resolved into quad* 
rangular areas, having a pillar situated in one of the angles. 
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' In forming the pillars and carrying forwards tlie boards with regularity, especially 
where the baeks and cutters are very distinct and numerous, it is of importance to 
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yr6A the rooms at right angles to the backs, 
and the thirlings in the direction of the cutters, 
howeyer oblique these may be to the backs, as 
the rooms are b^ this means conducted with the 
greatest r^ulaiity with regard to each other, 
kept equidistant, and the pillars are strongest under a given area. At the same time, 
however, it seldom happens that a back or cutter occurs exactly at the place where a 
pillar is formed ; but this is of no consequence, as the shearing or cutting made by the 
Joiner ought to be in a line parallel to the backs and cutters. It frequently happens 
that the <Sp-head level intersects the cutters in its progress at a very oblique angle. In 
this case, when rooms and pillars are set off, the face of the pillar and width of the 
room must be measured off an exact breadth in proportion to the obliquity, as in Jiy, 
1608. By neglect of this rule much confusion and irregular work is often produced. 
It is, moreover, proper to make the first set of pillars next the dip-head level much 
stronger, even whore there is no obliquity, in order to protect that level from being 
injured by any accidental crush of the strata. 

We shall now explain the different systems of working! one of the simplest of which 
is shown in fy. 1609: where a represents the engine-pit; n, the bye-pit; c, d, the 
dip-head levels, always carried in advance of the rooms ; and e, the rise- or crop- 
gallery, also carried in advance. These galleries not only open out the w'ork for tlio 
miners in the coal-bed, but, being in advance, afford sufficient time for any requisite 
<q)eration, should the mines be obstructed by dykes or hitches. In the example before 
ns, the room or boards are worked from the dip to the crop ; the leading rooms, or 
those most in advance, are on each side of the crop-gallery e ; all the other rooms 
follow in succession, as shown in the figure : consequently, as the rooms advance to 
the crop, additional rooms are begun at the dip-head level, towards c and d. Should 
the coal work better in a level-course direction, then the level rooms are next the 
dip-head level, and the other rooms follow in succession. Hence the rooms are 
carried to the crop or rise in the one case, till the coal is cropped out, or is no 
longer workable ; and in the otlier, they are extended as far as the extremity of the 
dip^ead level, which is finally cut off, either by a dyke or slip, or by the boundary of 
the coal-field. 

1510 represents a part of a colliery laid out in four panels, according to the 
improved method of the north of England. To render it as distinct as possible, 
'the line of the boards is at right angles with the dip-head level, or level course of 
the coal, a is the engine-shaft, divided into three compartments, an engino-pit and 
two coal-pits, like^. 1493. One of the coal-pits is the down-cast, by which the atmo- 
spheric air is drawn down to ventilate the works ; tlio other coal-pit is the up-cast 
shaft, at whose bottom the furnace for rarefying the air is placed, n n, is the dip- 
head level ; a b, the rise- or crop-gallei^^ ; k, k, the panel-walls ; f, o, are two panels 
completed m to the first work ; n, is a panel, with the rooms a, a, a, in regular pro- 
gress to the rise ; h, is a panel fully worked out, whence nearly all the coal has 
been extracted ; the loss amounting in general to no more than a tenth, instead of 
a third, or even a half, by the old method. By this plan of Mr. Buddie’s also, the 
pillars of a panel may be worked out at any time most suitable for the economy of the 
miniitf opei^on. 

In mr. Buddie’s system the pillars are' very large, and the rooms or boards narrow ; 
the pillars being in general 12 yards broad, and 24 yards long ; the boards 4 yards 
wide ; and the walls or thirlings cut through the pillars from one board to another, 
pnly 6 £set wide, for the purpose of ventilation. In the figure, the rooms are repre- 
^nted as proceeding fiom the dip to the crop, and the panel-walls act as barriers 
fbrown round the area of the panel to prevent the weight of the superincumbent 
|Arata from over-running the a^oining panels, ^ain, when the pillars of a panel 
to be worked, one xanM of pillars, as at i (in h), is first attacked ; and, as the 
iWtmen out away furuiest pillars, columns of prop-wood are erected betwixt the 
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pavement and the roof, within a few feet of each other (as shown by the dots), till an 
area of above 100 yari square is cleared of pillars, presenting a body of strata per- 
haps 130 fathoms thick, suspended clear and without support, except nt the line of 
the surrounding pillars. This operation is termed working the goaf. The only use 
of the prop-wood is to prevent the stratum, which forms the ceiling over the workmen’s 
heads, from falling down and killing them by its splintery fragments. Experience 
has proved that before proceeding to take away another set of pillars, it is necessary 
to allow the last-made goaf to fall. The workmen then begin to draw out the props, 
which is a most hazardous employment. They begin at the more remote props, and 
knock them down one after another, retreating quickly under the protection of the 
remaining props. Meanwhile the roof-stratum begins to break by the sides of the 
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pillars, and falls down in immense pieces ; while the workmen still persevere, boldly 
drawing and retreating till every prop is removed. Nay, should any props be so firmly 
fixed by the top pressure that they will not give way to the blows of heavy mauls, 
they are cut through with axes ; the workmen making a point of honour to leave not 
a single prop in the goaf. If any props are loft in the goaf it causes an irregular 
subsidence of the strata, and throws more pressure on the adjac'cnt pillars. The 
miners next proceed to cut away the pillars nearest to the sides of the goaf, scitting 
prop-wood, then drawing it, and retiring as before, until every panel is removed, 
excepting small portions of pillars which require to be left under dangerous stones to 
protect the retreat of the workmen. While this operation is going forvward, and the 
goaf extending, the superincumbent strata, being exposed without support over a 
large area, break progressively higher up ; and when strong beds of sandstone are 
thus giving way, the noise of the rending rocks is very peculiar and terrific ; at one 
time loud and sharp, at another hollow and deep. 

As the pillars of the panels are taken away, the panel-walls are also worked pro- 
gressively backwards to the pit-bottom ; so that only a very small proportion of coal 
is eventually lost. 

The fourth system of working coal is called the long wag^ the long-wall, or the 
Shropshire and Derbyshire method. 

The object of this system is, to begin at the pit-bottom, and to cut away at once 
every inch of coal progressively forward, and to allow the whole superincumbent 
strata to crush down behind and over the heads of the workmen. This plan is 
pursued chiefly with coals that are thin, from 4 to 5 feet being reckoned the most 
favourable thickness for proceeding with comfort, amidst ordinary circumstances, as 
to roof, pavement, &c. When a pit is opened on a coal to be treated by this method, 
the position of the coals above the lo'West seam sunk to must first be considered ; if 
the coal-beds be conti^ous it will bo proper to work the upper one first, and the rest 
in succession downwaiSs ; but if they are 8 fathoms or more apart, with strata of strong 
texture betwixt them, the working of the lower coals in the first place will do no injury 
to that of the upper coals, except breaking them, perhaps, a little. In many instances, 
indeed, by this operation on a lower coal, upper coals are rendered more easily worked; 
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Whtn the operation is commenced by working on the long-wall plan, the dip-head 
ler^ are dxxren M the usual manner, and very large bottora-pilliSrs are formed, as 

represented in 1611. Along the rise-side of the 
dip-head level, chains of wall, or long pillars, are 
also made, from 8 to 10 yards and upwards in 
breadth, and only mined through occasionally, for 
the sake of ventilation, or of forming new roads. In 
other cases no pillars are loft upon the rise-side of 
the level ; but, instead of them, buildings of stone 
are reared, 4 feet broad at the base, and 9 or 10 
feet from the deep side of the level. Though the 
roads are made 9 feet wide at first, thej^ are reduced 
to half that width after tho full pressure of the 
strata is upon them. Whenever these points are 
secured, the operation of cutting away the whole 
body of the coal begins. Tho place where the coal 
is removed, is named tlie gohb or waste; and 
gobbing or gobb-stufij is stones or rubbish taken away from the coal, pavement, 
or roof, to fill up that excavation as much as possible, in order to prevent the crush 
of superincumbent strata from causing heavy falls, or following the workmen too fast 
in their descent. Coals mined in this manner work most easily according to the way 
in which the widest backs and cutters are ; and therefore, in the Shropshire mode, 
the walls stand sometimes in one direction, and sometimes in another; the mine 
always turning out the best coals when the open backs and cutt^s face the workmen. 
As roads must be maintained through tho gobb or goaf to the working face, pillars 
of stone, called packs, are formed along each side of the road of several feet in width ; 
and the rock over he^ along this road is blasted down of sufficient height, so that 
when the superincumbent strata have sunk, there may be ample height to convey tho 
coals with ponies. In many cases these roads are 6 to 7 foet high, and seldom less 
than 4 feet. In some coal-fields stone cannot be got in the mine to build the road 
pillars or packs ; but a substitute is found in cord wood, which is formed into a pillar 
on each side of the road by building it up, and making it as solid as possible with 
small coal and other small refuse. The pressure of the strata soon makes tliis a very 
compact pillar. This method is common in the Leicestershire coal-field. 

There are two principal modifications of the long-wall plan. Tho first, or the 
original system, was to open out tho wall round the pit-bottom ; and, as tho wall face 
extended, to set off main roads and branches, verj' like tho branches of a tree. These 
roads were so distributed, that between the ends of any two branches tliero should bo 
a distance of 30 or 40 yards, as might be most convenient {seojig. 1611). Each space 
of coal betwixt the roads is called a wall ; and one half of tlie coals produced from 
each wall is carried to the one road, and the other half to tho other road. This is a 
great convenience when the roof is bad ; and hence a disbinco of only 20 yards be- 
twixt the roads is in many instances preferred. In fig. 1511, a represents the shaft; 
B B, iJie wall-fiice ; the dip-head level ; 6, the roads, from 20 to 40 yards asunder ; 
c, the gobb or waste, with buildings along tho sides of tho roads ; and d, the pillars. 

^ The other plan is represented in fig. 1612, where a shows the pit, with the bottom 
pillars ; 6, the dip-head levels ; c, the off-break from tho lovel, whore no pillars are 

left ; d, the off-break, where pillars remain to se- 
cure the level. All roads are protected in the 
sides by stone buildings, if they can be had, laid 
off 9 feet wide. After the crush settles, the roads 
generally remain permanently good, and am, in 
many cases, be travelled through as easily 60 
years after they have been made as at the first. 
Should stones not be forthcoming, coals must be 
substituted, which are built about 20 inches in the 
base. In this method, the roads are likewise from 20 to 40 yards apart ; but instead 
of ramif^ng, th^ are arranged parallel to each other. The miners secure tho waste 
h^y gpbbmg ; and three rows of props are carried forwards next the wall bices a, with 
pil&s of stone or of coal reared betwixt tliem. This mode has a more regular appearance 
than the other; though it is not so generally practised in Shropshire as in Derbyshire. 

In the ]post»aad«st^ system, each man has his own room, and performs all the 
labour of It ; bnt in that of Shropshire, there is a division of labour among the work- 
inon, who are generally divided into three companies. The first set curves, lioles, or 
p^s the coal along the whole line of walls, laying in or pooling at least 3 feet, and 
n^ttontly 46 inches, or 6 quarters, as it is called. These men are named holers. As 
^ €ni^ is oonstootlj thorn, and impending over their heads, causing fre- 


1612 



1511 




MIMNG FOR COAL 


331 


quent falls of coal, they plant props of wood for their protection at regular distances 
in an oblique direction between the pavement and wall face, called sprarfgwfj. Indeed, 
as a further precaution, staples of coal, about 10 inches square, are left at every 6 or 8 
yards, till the lino of holing or curving is completed. The walls are then marked off 
into spaces of from 6 to 8 yards in length ; and at each space a shearing or vertical 
cut is made, as deep Jis the holing ; and when this is done, tho holer s work is iinished. 
The set who succeed the holers are called getters. These commence their operations 
at the centre of the wall divisions, and drive out tlie gihhs, or sprags, and staples. 
They next sot wedges along the roof, and bring down progressively each division of 
coal ; or, if the roof be hard-bound, the coal is blown down with gunpowder. When 
tho roof has a good parting, tho coals will frequently fall down tho moment the gibbs 
are struck ; which makes the work very easy. The getters are relieved in their turn 
by the third sot, named butty-men, who break down the coals into pieces of a proper 
size for sending up the shaft, and take charge of turning out the coal from tho wall 
face to tho ends of tho roads. This being done, they build up the stone pillars, fill up 
the gobb, set the trees, or props, clear the wall faces of all obstructions, set the gibbs, 
and make everything dear and open for tho holers to resume their work. If tho roads 
nre to be heightened by taking down the roof, or removing tho pavement, these butty- 
men do this work also, building forwards the sides of tho ro.ads, and securing them 
with the requisite props. When a coal lias a following or roof stone, wliich regularly 
separates with the coal, this facilitates tho labour, and saves much of tho coal ; and 
should a soft bed of fire-clay occur a foot or two beneath tho coal-seam, tho holing is 
made in it, instead of into the coal, and the stone betwixt tho holing and tho coal 
benched down, which serves for pillars and gobbing. 

In this way all tho vendible coal becomes available. 

Another form of the Shropshire system is, for each 
minor to have from 6 to 12 feet of coal beWe him, 
with a leading-hand man ; and for tho several work- 
men to follow in siiccession like tho steps of a stair. 

When the coal has open backs and cutters this 'work 
goes on very regularly, as represented in fig, 1513, 
where the loading miner is at a, next to tho outcrop, 
and h b, &c. arc the wall faces of each workman ; a 
being the shaft, and u the dip-head level. In this 
case tho roads are carried either progressively 
through the gobb, or the gobb is entirely shut up ; and the whole of the coals are brought 
down tho wall-faces, either to the dip-hoad level or the road c c. This method may 
bo varied by making the walls broad enough to hold tw’O, three, or four men, when 
each sot of miners performs tho whole work of holing, getting, breaking down, and 
carrying off the coals. 

It is estimated that from one-eighth to one-twolfth part only of tho coals remains 
underground by the long-wall plan ; nay, in favourable circumstances, almost every 
inch of coal may bo tiken out, as its principle is to leave no solid pillars nor any coal 
below, except what may be indispensable for securing the gobb. Indeed, this system 
might be applied to coal-seams of almost any ordinary thickness, providing stuff to fill 
up the gobb could be conveniently procured. 

When coals do not exceed 20 feet in thickness, and have good roofs, they are some- 
times worked as one bed of coal ; but if tho coal be tender or free, it is worked as two 
beds. One-half of such thick coal, however, is in general lost in pillars ; and it is 
very seldom that less than one-third can bo left. When tho coal is free and ready 
to crumble by the incumbent pressure, as well as by the action of the air, the upper 
portion of the coal is first worked, then a scaffolding of coal is left, 2 or 3 foot thick, 
according to the compactness of the coal ; and tho lower part of tho coal is now worked, 
as shown in fig. 1614. As soon as the workings are completed to the proposed extent, 
the coal scaffoldings are worked away, and as much of the pillars as can be removed 
with safety. As propwood is of no use in coal-seams of such a 
height, and as falls from the roof would frequently prove fatal to 
the miners, it is customary with tender roofs to leave a ceiling of 
coal from 2 to 3 feet thick. This makes an excellent roof ; and 
should it break, jpves warning beforehand, by a peculiar crack- 
ling noise, very different from that of roof-stone crushing down. 

One of the thickest coals in Great Britain, worked as one bed from roof to pave- 
ment, is the very remarkable seam near the town of Dudley, known by the name of 
the Ten-yard coal, about 7 miles long and 4 broad. No similar coal has been found 
in tlie island ; and the mode of working it is quite peculiar, being a species of panel 
•work, totally different from the modern Newcastle system. A compartment, or ^nel, 
formed in working the coal, is called a side of work ; and as the whole operation is ez- 
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hibited in one of these compartments, it will be proper to describe the mode of taking 
the ooal from one of them, before describing the wholeextent of the workings of a mine; 

Let fig, 1616 represent a side of work: a, the ribs or walls of coal left standing, 
vound, constitnting the side of work; a, the pillars, 8 yards square ; c, the stalls, 1 1 

yards wide; the cross openings, or through 
puts, also 11 yards wide ; e, the bolt-hole, cut 
through the rib from the main road, by which bolt- 
hole the side of work is opened up, and all the 
coaks removed. Two, three, or even four bolt- 
holes open into a side of work, according to its 
extent; they are about 8 feet wide and 9 feet 
high. The working is in a great measure regu- 
lated by the natural fissures and joints of the 
coal-seam; and though it is 30 feet thick, the 
lower band, of 2 feet 3 inches, is worked first ; the 
miners choosing to confine themselves within this 
narrow opening, in order to gain the greater ad- 
vantage afterwards, in working the superjacent 
coal. Whenever the bolt-hole is cut through, the 
work is opened up by driring a gallery fdtward, 
4 feet wide, as shown by the dotted lines. At the 
sides of tliis gallery next the bolt-hole, each miner 
hrealu off in succession a breast of coal, two yards broad, as at/ / by means of which 
the sides of the rib-walls a, are formed, and the area of the pillars. In this way each 
collier follows another, as in one of the sj^stems of the Shropshire plan. When the 
side of work is laid open along the rib-walls, and the faces and sides of the pillars 
have been formed, the upper coals are then begun to be worked, next the rib-wall. 
This is done by shearing up to a bod next the bolt-hole, and on each side, whereby the 
h^d coals are brought regularly down in large cubical masses, of such thickness as suits 
with the free partings or subordinate divisions of the coals and bands. Props of wood, 
or even stone pillars, are placed at convenient distances for the security of the miners. 

In working the ten-yard coal, a very large proportion of it is left underground, not 
merely in pillars and rib-walls, but in the state of small coal produced in breaking out 
the coal. ^ Hence from four-tenths to a half of the total amount is lost for ever. 

The thick or ten-yard coal has, however, been worked on the long-wall method by 
Mr. Gibbons, near Dudley, with great advantage in the yield. He works 12 to 14 
feet of the upper part of the seam first ; and after allowing the stmta to become 
somewhat consolidated, the lower part is worked, leaving 2 to 3 feet of coal for a 
roof, some portion of which is picked out of the gobb. About 12 per cent, of the coal 
is left by this method. 

Mge coals^ which are nearly perpendicular, are worked in a peculiar manner ; for, 
the collier stands upon the coal, having the roof on the one hand, and the floor on the 
other, like two vertical walls. The engine-pit is sunk in the most j)oworful stratum. 
In some instances tlie same stratum is so vertical as to he sunk through for the whole 
depth of the shaft. 

Whenever the^ shaft has descended to the required depth, galleries are driven across 
the strata £rom its bottom, till the coals are intersected, as is shown in fig. 1616, where 
1616 coals at a, a; a, the engine-pit ; h, b, the trans- 

verse galleries from the bottom of the shaft ; and c, c, upper 
transverse galleries, for the greater convenieney of working the 
coal. The principal edge-coal works in Great Britain lie in the 
neighbourhood of Edinburgh. 

The modes of copying coals from the point where they are 
excavated to tlie pit-bottom, are nearly as diversified as the 
systems of working. 

One method employs hutches, or baskets, having slips or cradle feet shod with iron, 
containing fifom 2 to 8 hundred weight of coals. These baskets are dragged along 
thefioCHT by ioj^b or leather harness attached to the shoulders of the workmen, who are 
either the colli^ or peisons hir^ on purpose. This metliod is used in several small 
ooUieries ; but it is extremely injudicious, exercising the muscular action of a man in 
the most unpofitable manner. Instead of men, horses are sometimes yoked to these 
basket-hurdles, which are then made to contain from 4 to 6 hundred weight of coals ; 
but from the magnitude of the friction this plan cannot be commended. This method 
IS now almost entirely extinct. 

^ improvement on this system, where men draw the coals, is to place the basket or 
fOWa on a small four-wheeled carriage, called a tram, or to attach wheels to the corve 
Thus mush more work is performed, Tgrovided the floor be hard ; but not on a 
mfiTSBisiit, uxdess some kind of wooden railway be laid. 
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^0 transport of coals from the wall-face to the bottom of the shaft was greatlj 
facilitated by tho introduction of cast-iron railways, in place of wooden roads, first 
brought into practice by Mr. John Carr of Sheffield. The rails are called tram-rails, 
or plate-rails, consisting of a plate from 3 to 4 inches broad, with an edge at right 
angles to it about two inches and a half high. Each rail is from 3 to 4 feet long, and 
is fixed either to cross-bearers of iron, called sleepers, or more usually to wooden 
bearers. In some collieries, the miners, after working out the coals, drag them along 
these railways to tho pit-bottom ; but in others, two persons called trammers are em- 
ployed to transport the coals ; the one of whom, in front of the corve, draws with 
harness ; and the other, called the putter, pushes behind. The instant ojich corve 
arrives from the wall-face, at a central spot in tho system of tho railways, it is lifted 
from the tram by a crane placed there, and placed on a carriage called a rolley, which 
gcnerfilly liolds two corves. Whenever three or four rolleys are lo.aded, they are 
liookod together, and tho rolley driver, with his horse, takes them to tho bottom of tho 
origi no* shaft. The rolley horses have a peculiar kind of shafts, commonly made of 
iron, named lihers, tho purpose of which is to prevent tho carriage from ovi ri-uiining 
them. One of those shafts is represented in 1517. The hole 
shown at c, passes over an iron peg or stud in front of tho rolley, so 1517 

that tho horso may bo quickly attached or disengaged. By these 
arrangements the work is carried on with surprising regularity and 
despatch. Where the roads are well constructed, a horso will con- 
vey a load of 7 to 8 tons on the level. 

We shall now describe briefly the modes of working coal dip of or on tho deep 
of the engine-pit bottom. He^ings are driven either on the full dip of the mine, 
or any convenient angle to it, the requisite distance. Tho water is pumped up 
these dip headings by the pumping-engine on the surface. A pump-rod or spear 
passes down the side of the shaft, and is attached to a quadrant at the bottom of 
tho shaft, which quadrant transfers the perpendicular motion of tho spears in the shaft 
to tho spears or pump-rods in tho dip headings. Tho quadrant is constructed so that 
the stroke of the pump in the dip headings can bo lengthened or shortened as required. 

In level free coals, those pumps may bo worked by a water- wheel stationed near the 
bottom of the pit, impelled by water falling down tho shaft, to bo discharged by the 
level to the day (day level). 

When the above arrangements are applied for pumping, the coals are drawn from 
tho deep either by horses or an engine placed on the surface. 

Where operations are very exteu.sivo, some mining engineers place tho engine under- 
ground for working tho dip coal ; and it both pumps the water and draws tho coal to 
the bottom of the shaft. 

High-pressure engines are employed for this purpose, working at a pressure of 
from 30 to 50 lbs. per square inch. These machines are quite under command, and, 
producing much power in little space, they are the most applicable for underground 
work. An excavation is made for them in tho strata and isolated from the coal, Jind 
the air used for the furnuco under tho boiler is the returned air of the mine ventila- 
tion if the mine is free from explosive gas. If the mine yields explosive gas, the boiler 
furnace is supplied with fresh air. In the dip road a double tram-road is laid ; so that 
while a number of loaded corves are ascending, an equal number of empty ones are 
going down. Although this improved method has been introduced only a few years 
back, dip workings have been already executed more than an English mile to the dip 
of the engine-pit bottom in the Newcastle coal-fields. It may hence bo inferred, that 
this mode of working is susceptible of most extensive application ; and in place of 
sinking pits of excessive depth upon tho dip of tho coal, at an almost ruinous expense, 
much of the dip coal will in future bo worked by means of the pits sunk on the rise. 
In tho Newcastle district, coals are now working in an engine-pit 115 fathoms deep; 
and dip of the engine-pit bottom, above 1,600 yards, and fully 80 fathoms of perpen- 
dicular depth more than the bottom of the pit. 

The deep pit in Dukinfield is 2,004 feet below tlie surface to the point where it 
intersects the Black Mine coal-seam, which is 4 feet 6 inches thick, and of the best 
quality for domestic and manufacturing purposes — and a further depth of 500 feet 
has been attained by means of an engine-plane in the bed of coal, which dips at an 
angle of 27°, so that a great portion of the coal is now worked there at the ^pth of 
2,504 feet below the surface. 

The shafts at Pendleton are 1,635 feet deep, and in like manner a further depth has 
been reached of about 600 feet, amounting in tho aggregate to 2,135 feet, at which 
point a large quantity of coal is daily worked. 

The liose Bridge Pits near Wigan intersect the cannel at 1,773 feet below the sur- 
face — ^which varies in thickness from 2 feet 8 inches to 3 foot, and is of excellent quality. ‘ 
At the most extensive collieries in the north of England, engine-power is not only 
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aii^lied fbr the transit of coals from the dip, but along the main lerel roads of the 
nutte, by means of endless wire ropes. The economy of steam-power has superseded 
horses at many collieries. Steam-power can only be applied with advantage where 
large quantities of coal have to be removed. 

if an engine-pit be sunk to a given coal at a certain depth, all the other coals of the 
coal-field, both above and below the coal sunk to, can be Gained and worked to the 
same depth by driving a level cross-cut mine, both to the dip and rise, till all the 
coals are intersected, as represented an fig, 1618, where a is the engine-pit bottom 
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reaching to the coal a ; and 6, c, d, e, /, coals lying above the coal a ; the coals which 
lie below it, g, A, t ; k is the forehead of the cross-cut mine, intersecting all the lower 
coals ; and the other forehead of the mine, intersecting all the upper coals. 

HUXIflUMa Red oxide of lead, obtained by roasting metallic lead or its carbonate. 

MnnrT (Saxon mynet^ money or stamped coin ; Danish mmit, mmt, coin. Tho 
word ‘ mint’ is doubtless a derivative from mine, or, Latin, moneia, from the same root). 
The place where money is coined by public authority. 

Minting or coining is the term applied to the processes employed in the manufacture 
of money. It is proposed to describe tho present mode of manufacture ; but it may 
be as well to state, that in remote periods money was made by cutting out a piece of 
metal somewhat of the form of the intended coin, and imparting the device to it by 
the blow of a sledge-hammer. For this purpose the blank piece of metal was laid 
upon a die, say the obverse, fixed into a block of wood or stone, supposed to have been 
so large as to absorb the vibration caused by the blow, and to a great extent prevent 
the quivering which would naturally arise, and cause unsteadiness. The workman 
then took the other die, say the reverse, and passing it through a folded sheet of lead, 
in order to avoid tho shock to the hand, ho placed the engraved part on tho blank, 
which was resting on the lower die, and hold it firmly while another workman struck 
it with a sledge-hammer. It is worthy of remark that a jaece of lead such as that 
described is in the Museum of Dios at tho Royal Mint; and although its surface, by 
the action of the atmosphere and other causes, is now converted into carbonate of 
lead, indentations caused by the tips of the workman’s fingers are evident. This piece 
is believed to have been used with a die of Edward IV. At a later period tho upper 
die was held in a twisted hazel stick. After each blow tho dies were what is technically 
termed locked together; that is, the lower and upper dies were made to fit into the 
partly-formed coin, so tiiat neither die could turn without turning the whole mass, and 
then a second or third blow was given, till the coin was completed. An improvement 
on this method was effected by fitting the two dies into rods of iron, which may bo 
represented as a pair of tongs ; the flat parts which are used to take a coal would then 
show the position occupied by the dies. This plan saved the operator some risk ot 
bruised fingers, but the process was essentially the same as the original one ; and to 
money produced by either means was applied the term hammered money, in contra- 
distinction to milled money; that is, money which was made from blanks obtained 
ftom fillets which had been rolled in a very rough kind of rolling mill, driven by hr)rse- 
"gawist — ^the germ fi?om which sprang tho present machinery. On this point it is 
perhaps of interest to quote a passage from the Report made to the Lords of the 
Treasury in 1695 by Mr. William Lowndes, who says : — ‘ All the moneys wo have now 
In Engird, both gold and silver, are reducible to two sorts, one stamped with tho 
hammer, and the other pressed with an engine called the mill. The gold or silver of 
the hammered money is first cast from the melting-pot into long bars, those bars are 
out with shears into several square pieces of exact weight for sovereigns, angels, 
crowns, half^rowns, shillings, &c. Then with tongs and hammer they are forged into 
a round shape, after which they are blanched (that is, made white or refulgent by 
Healing or boiling), and afterwards stampt or impressed with an hammer to make them 
perfect mon^. This method of making money with the hammer (as appears in the 
said rod boo^ was practised in tho reign of King Edward the First ’ [the book referred 
to is in the lichequer] . . . ‘and this kind of hammered money continued through 
idl the reigns of succeeding Kings and Queens till about the year of our Lord 1663, 
1»^ea by several warrants and command* of the King, Charles tlie Second : to wit, by 
aha warrant, dated the fifth of November 1662 ; one warranty dated the eighth of 
4|iiEA X663; and a third wanant, . dated the twenty-fourth of December 1668; the 




MINT 


335 


other sort, called milled money, was first fabricated to be current in England in this 
manner ; first, the gold or silver is cast out of the melting-pot into long flat bars, 
which bars are drawn through a mill (wrought by a horse), to produce the just thick- 
ness of guineas, half-guineas, crowns, half-crowns, shillings, &c. Then with forcible 
engines called cutters, which answer exactly to the respective sizes or dimensions of 
the money to be made, the round pieces are cut out from the flat bar, shaped as afore- 
said (the residue whereof, called sizel, is molted again), and thou every piece is weighed 
and made to agree exactly with the intended weight, and afterwards carried to other 
engines (wrought secretly), which put the letters upon the edges of the larger silver 
pieces, and mark the edges of the rest with a graining. The next thing is the blanching, 
performed as above ; and at last every piece is brought to the press, which is called 
the mill (wrought of the strength of men), and there receives the impression, which 
makes it perfect milled money.’ 

Tlio processes now used are as elaborate as the old methods were simple ; but con- 
sidering the requirements of the present day, and the enormous quantity of money 
produced, it must not be expected that our coins will, for depth of engraving, boar 
comparison with those of the Homans, who, though succeeding in producing finished 
works of art, seem to have forgotten the wear and tear to which they would bo sub- 
jected, and so loft them, as a rule, free from a protecting edge ; hence they would lose 
their imago and superscription at a far earlier date from their birth or manufacture 
than would well-made coins of the present period. 

It was formerly believed that gold could be sent to the Mint to be coined free of 
charge to the importer ; such, however, was not the case. By the Act 33 Viet. cap. 
10, several Acts relating to the coinage were repealed, and all persons obtained the riglit 
to send gold to the Mint on certain specified conditions. The standard for gold coin is 
fixed, by the Act now referred to, at ‘ twenty-two carats fine and two carats of alloy in 
the pound weight Troy.’ The same that has obtained since 18th Charles II. Silver 
is also maintained at the former standard, ‘eleven ounces two pennyweights fine silver 
and eighteen pennyweights of alloy in every pound weight Troy.’ The Bank of 
England is practically the only ‘importer’ of bullion to the Mint, and by coinage 
makes a considerable profit merely from its exceptional circumsbinces ; but for full 
details, we refer the reader to Ansell’s ‘ Iloyal Mint,’ (3rd edition, Effingham Wilson), 
where will bo found elaborate discussions upon the various modes of proceeding, as 
well as on the loss and gain in the different operations: subjects which are manifestly 
unfitted for this work. 

When the authorities of the Bank of England d(!siro to coin gold they send at stated 
intervals ‘importations’ of 200 or 300 ingots, each weighing about 180 ounces Troy, 
and previously assayed. Upon arrival at the Mint these ingots are again weighed and 
assayed, and in accordance with the amount of gold they conUiin they are alloyed with 
copper or enriched by the addition of fine gold, to bring them to the fineness of 
sbindard or crown gold, so that each coin when formed shall contain 22 parts of pure 
gold and 2 parts of alloy. The ingots having been tlius ‘ potted ’ or rated are taken 
to the melting-house, where their individuality is finally lost, for it is here that they 
are formed into bars for coining. 

In the Mint there are many furnaces ; each furnace being 12 inches 1519 

square, and 24 inches deep to the top of the bars. The melting of 
the gold is effected in a plumbago crucible, a, shown in 1619. 

It is inches deep, and 7 inches across the top of the inside. 

The pot previously annealed is placed on a bottom which stands 
upon the two centre fire-bars. The bottom is intended to protect 
the base of the pot a from the stream of air which is necessary to • 
the combustion of the fuel, but which would destroy tlie pot. The 
pot is then covered by its muffle, b, and lid c, and surrounded by 
fuel, which, as it burns up, warms and then heats the pot to redness, 
but so gradually that there is no great risk of breaking the pot. 

When the pot has become of a full red heat the ingots are carefully 
placed in it, and the alloy added by means of a funnel to prevent 
any being thrown on one side ; the pot is then covered up and allowed to remain 
till the whole mass of metal has liquefied. Tlio foreman then stirs it with a rod 
made of the same substance as the pot, which is a compound of blacklead and 
Stourbridge clay, and is fully described under Ceuciblb. The fluid metal is allowed 
to remain in the furnace till it has acquired a peculiar appearance, known by experience 
as indicating the temperature to be such that the metal when poured into the moulds 
will produce solid and workable bars. At this point the flring is removed, and the 
lid and muffle taken from the pot, which is lifted from the furnace by an assistant by 
a hand cranes The foreman then conveys the pot with its contents by means of a pair 
of tongs, which clamp it to the frame of moulds, when his assistant brings forward a 
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loop of IroUf onspendod by a<diai& and cord from the coiling, and passing the loop of 
izon over a button on tne end of the tongs, as shown at a, fg, 1620, supports the 
weight of the pot, and regulates its height, while tlio foreman pours the metal into the 
momds, b, fixed in the frame, c, which runs on wheels in a tramway. Three pieces of 
planed iron form two T>»>n]dp, as shown in fig% 1521, where show the form 
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of these planed pieces, and the manner ot placing them together. The bars are solidified 
immediately, and when all the moulds have been filled, they are taken to pieces, and 
the bars plunged into cold water, as in the case of silver, to bo described. From the 
bars obtained from each pot, two pieces are cut off for assaying, by the assayers, the 
bars being numbered according to the pot from which they wore poured, and lettered 
distinctively, according to the day on which they wore molted. Should the assay 
prove unsatisfactory, the metal is adjusted and re-melted. If the assays are satisfac- 
tory, the bars are forwarded to the coining department. 

Previously to melting, pieces of charcoal are placed at the bottom of the pot for the 
purpose of reducing any oxide that may be present in the alloy, because oxide of 
copper renders some kinds of gold perfectly brittle and unworkable. In ordcir to pre- 
vent this charcoal from falling into the moulds with the gold the assistant holds a 
piece of stick at the mouth of the pot, thus allowing the gold to flow while he detains 
the charcoal. 

Silver is bought, through the brokers, by the Master of the Mint, either in the form 
of foreign coin (6-franc pieces are preferred) or ingots ; and to the silver so obtained 

is added so much copper or pure silver 
as shall bring the whole mass up to the 
standard silver of the realm, which con- 
sists of 220 parts of silver and 18 parts of 
copper. The metal so arranged is weighed 
out into charges of about 4,000 ounces for 
the wrought-iron (plumbago is now used) 
melting-pot, which is represented in/^. 1522, 
as seen in the furnace b, standing on the 
‘ bottom,’ A, which rests on the fire-bars, and 
is made partially cup-shaped, and filled with 
powdered coke, that the bottom of the pot, 
B, may be perfectly supported, while at the 
same time it is protected from the current 
of air which is supplied to the furnace. 
Powdered coke, being a bad conductor, 
prevents the free passage of heat from the 
base of tbe pot to the * bottom,* and the 
conseqnent probable fusion of the two 
through the agency of the oxide of iron, 
%hich forms and accumulates whenever iron is repeatedly heated, d is the lid of the 
pot ; and c, the muffle or fruinel, against the sides of whi^ the metal rests during the 
|>ooes9 of fiufion, to prevent its filing over into the burning coke. The pot, when 
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charged, is allowed to remain in the furnace till the metal has fused, and the tempe- 
ratuTb has risen to a point little short of that which would so far soften the wrought- 
iron pot as to cause it to lose its shape. The pot is lifted by the tongs, t, of the crane, 
3, froTn the furnace, 1623, (after the fire has been removed by displacing some 
of the fire-l)ars), swung round and dropped into the cradle, m, when it is secured by a 
sc,row, which draws tight the band at the top. The melted silver is then thoroughly 
stirred witli an iron rod ; and, all being ready, the frame of moulds, a, is run under the 
cradlc-sttind so far as to allow the rack, n, to work into the wheel x. The forenmn 
then, by moans of the handle d, which communicates by k with the cradle in which 
the pot is fixed, riises the pot, and tilts it so mucli as is necessary to pour the fluid 
silver into the mould until it is flllod ; ho then lowers the pot, and waits while an 
assistant by the handle o, connected with the cogu^lieel n, moves the moulds forward 
as th(‘y are required to be filled. The moulds are ranged side by side in the frame, 
and pressed firmly together by screws at the ends of the mould- frames, and secured 
iti front by two bars of iron, o, which lit into wedge-shaped grooves, slanting 
forwards. 

1523 



The metal solidifies immediately, and the pot having been emptied, tlio carriage of 
moulds is run on its wheels, q, fix)ni under the cradle-frame, and the screws having 
been loosened, the moulds are caused to fall to pieces, and each bar as it is exposed is 
taken by tongs and plunged into cold water, as much to save time as to soften and 
case-harden the bur by sudden cooling. The bars produced from the whole pot of 
inebal are numbered with a distinctive figure to designate the pot, and with two letters 
to indicate the day’s melting ; ussay-j)iecus are then cut from the first, middle, and last 
bars of the set. 

Tile bars for different denominations of coins are proportioned in width so as to 
admit of two rows of blanks being cut from tho fillets produced from them. Space, 
however, hardly admits of our giving det;iiled measurements ; but it may be expected 
that a uniform thickness of h an inch will at last be adopted by tho Mint autho- 
rities for all bars, both of gold and silver, as they now admit tho advantage of 
using j-iuch bars for tho gold coinage. 

The ‘assay-pieces’ are assayed to determine that they contain the proportion of 
gold or of silver required by law, and it is assumed that these pieces give a fair 
average of the bars ; hence, that tho coin produced will be accurate, For a full 
»l(!seription of the processes adopted, see Gold ; but it should be here noticed that 
tho operation has been much simplified by tho improvements to which we now invite 
attention. 

Messrs. .Johnson, Malthey, and Co, have invented a tray of platinum capsulei oy 
VoL, HI. Z 
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thimbles, into which the assay-pieces are placed for treatment with acid, instead of 
into the ordinary glass ressels over gatf-burners. The advantages of this invention 
are too manifest to require elaboration ; but saving of acid, gas, labour, and risk of 
error are amongst the chief of them ; and, besides, the plan has been in successful 
operation in their own assay offices in Hatton Garden, as well as in other impor- 
tant assay offices, for several years past. The first cost would seem to be the 
principal objection to this plan of Messrs. Johnson, Matthey, and Co. ; but this is 
really a small matter, for the apparatus bofomes si oek-in -trade, and its cost should 
be viewed simply as so much aipitai, whose interest is paid by the siiving effected in 
glass, but more especially by the snndkir amount of acid actually employed, while 
the platinum can at all times be sold, for nearlj' its original cost, as old metal. 

The mode of operation is as follows : — stand of slate is so arranged that a means 
of heating is made to rest on its base. Por tliis purpose a jet of gas is preferred ; 
where, however, gas cannot be obtained, an ordinary oil lamp or a charcoal fire may 
be used. On a shelf over the source of lieat arc placed two or three receptacles of 
platinum, each communicating with a ve.ssel made of porcelain, provided with throe 
necks and an overflow-pipe. There is a kind of sieve or tray of platinum, so arranged 
as to carry from 16 to 100 thimbles of platinum, and provided with a liandlo, so that 
this tray, with its charge, can be manipulated at pleasure. The thimbles vary in 
size according to taste, but each one is slit or cut at the bottom, so that the solu- 
tion of silver as it is formed may by its density fall out, and allow the clean acid to 
take its place. 

When an operation is to be performed, the tray filled with the charged thimbles — 
that is, containing the assay-pieces — is placed in one of the platinum receptacles or 
boilers, and heated to a fitting temperature ; when the desired effect is produced, the 
tray is lifted into another receptacle, and again heated ; this may be carried to three 
times if necessary. The products of decomposition of the acid go, wit h the acid wliich 
evaporates, into the porcelain vessel, wlicre the free acid falls tlirough the overflow- 
pipe into a proper chamber, while the acid fumes pass into the flue through the third 
neck before spoken of. The parted assays having been washed by several immersions 
in boiling distilled water, without removal from their thimbles, have now to bo dried 
and annealed in a platinum muffle, so formed as to fit into an ordinary muffle, and, 
after annealing, to be weighed in the usual manner, having saved at least 76 per cent, 
of the usual trouble. 

It is almost needless to add that the system of proefs must bo used with this pro- 
cess. 

The assay for silver is not so tedious, as it is finished at tlie point where it ]cave.s 
the muffle on the cupel ; but up to this point it passes through precisely the stime 
process as the gold. 

The Master of the Mint, on receipt of the assay reports, determines if the metal has 
been found within the limits, or remedy allowed for error ; and, if ho be satisfied, 
signs the reports, and thus enables the bars to be forwarded for coining. And from 
this point gold and silver undergo nearly the same operations ; to follow, then, the 
practice used for sovereign-bars will suffice for all. 

The sovereign -bars having been ^veighed by the officer, and given by him to his 
men, are wrought in sets of twenty; each set is called a batchy and each bar in tlie 
batch undergoes precisely the same process. The bar is passed into an opening of 
the breaking-down mill, fy. 1524, where it receives a considerable compression, for 
the rollers a, seizing its end, drag it forw-^ard, while they roll back and retard the pro- 
gress of that part of the bar wliich is not between them. The result is that the liar 
is lengthened, but not widened materially, so that length is gained at the (ixpenso of 
the thickness, which is regulated by the distance between the rollers. The rollers 
are driven by shafts and adjusting-couplings, which arc themselves driven by the 
geared wheels. The distance between the rollers is determined by the action of the 
lever o, which, by the endless wheels on its axle fitting into geared wheels, gives 
motion to powerful screws shown at f, which terminate in cups on the iipjuT part of 
the upper brasses of the rollers a, as may bo seen at c. The upper brasses are kept 
always against the ends of the screws by weights, d, which are beneath the mill, 
but fiom which levers and rods, n, terminate at the lower part of tlie upper brasses, 
at about the position indicated by dotted lines, so that the upper roller has motion 
either upwards or downwards at pleasure, but the motion upwards is arrested by 
the poweiful screw f, and this point once determined by the reading of a scale, is 
fixed bj the clamp near g. The thickness, therefore, of each bar in a batch is 
d^rmmed within certain limits ; and, when e^h bar in the batch has been rolled, 
the miU is altered, refixed, and again the rolling goes on till each bar has passed 
ieveral times, at varying pinches, through these rollers. Owmg to the wear of the 
moulds in which the bars are cast — and which is largely due to the presence of 
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minute portions of antimony in the gfold — the bars are never of uniform thickness; 
hence bars of every denomination are passed through the rollers on their edge, so as 


1524 



to reduce them to one uniform thickness, otherwise the fillets resulting would bo 
ragged, and of unequal widths, which defect would cause them to produce blanks out; 
of rvmedy as to weight. 

When the metal is poured into the moulds, it almost immediately solidifies, and 
wliile solidification is going on coutracts in volume, leaving a kind of cup of metal, 
or hollow part, on the top of the bar. In the act of rolling, the bar maintains an 
equable width until this hollow part is reached, w'hen it suddenly expands, and at 
this point the workman shears otf the defective part of the bar, because it would 
ultimately cause dumb works. This operation is now performed in the melting- 
house, before the bar is rolled, thus saving labour and loss of metal. 

The shears may be regarded as large sdssors, driven by a drum on the same shaft 
that carries the driving-wheel for d. The drum is excentric, so that at each revolu- 
tion the shears are caused to open and shut. 

The sheared bars for half-sovereigns are placed in copper tubes, the tops of which 
fire luted on with clay. It is imperative that tho copper tubes should bo made without 
solder, because this fuses at a temperature below' that which is required to anneal tho 
gold ; if present it would run down upon the 

hot gold, and cause it to fuse and alloy with 1025 

the solder, thus spoiling the work and entailing 
expense upon the coiner. Tho tubes which 
were used in the Eoyal Mint were made by 
Mi'ssrs. Eimhams and Eroud, of Chandos 
Street, Strand, who, after considerable pains, 
arrived at a method of making the tubes in 
such a manner as to entirely satisfy the re- 
quirements of tile Miut. The tubes, A, ;iro 
placed oil an iron cfirriage, n, which is thou 
run into tho furnace, as show’ii in Jig. 1625. 

IIio door of the furnace, c, is closed by raising 
tlie counterpoise; tho heat of tho furnace is 
ri'giilated by a damper. After remaining in 
tills furnace for twenty minutes, tho carriage 
is withdrawn, and the tubes, taken with tongs, 
ar(i plunged into cold water, to cool the gold 
as 3‘apidly as possible. The rapid cooling of 
gold and silver gives to each metal a peculiar 
character, which is of valuft in tho after pro- 
cesstis, and jirevents tho access of the atino- 
Sjihere, wdiieli, in prolonged cooling, would cause 
tho oxidation and eonsequent removal of so 
much copper that tho alloyed metal would^ 
become too rich in gold for circulation as coin. After annealing, the bars, which 
are now called filleUt go again to the breaking-down mill, through which they are 
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paMed twice, and are then submitted to another pinch without altering the scale at 
all ; so that what is called a apring-pinck is given, with the intention of eflfecting 
the reduction of the fillet to one uniform tliickness, for the breaking down and sub- 
sequent rolling cause the fillets to become much thicker in their middle than at 
their sides. The widening of the fillet is very trifling ; but wjdth may be gained to 
any desired extent at the will of the workman if the bars be submitted to a hea-s-y 
pinch instead of a series of light ones. The fillet having been submitted to the fourth 
spring-pinch, is gauged on its side by e steel instrument, of which 1526 is a repre- 
sentation. It is a hollow wedge, which is graduated to the thousandth of an inch. 
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Supposing that the opening from a to n were extended until it were one inch wade at 
A, the space would be divided between it and v. into 1,000 parts, and. then every fillet 
passed into this opening would stop at a given point, sjiy for instance, at 140; sucJi 
being the case, every part of the same fillet should bo arrested precisely at the same 
point. The fillets are reduced till tlicy measure 117 on this gauge, and are conse- 
quently 0*117 inch thick. They are then passed to the next mill, and then to a 
third mill, where they receive very light pinches. They then })as.s to anotlier mill, 
still finer than any of the preceding, and here are submitted to very light pinches, by 
which they are reduced to 0-058 incli, and are finally finished at the sixth or gauging 
mill, where they receive throe pinches, and are then 0*053 inch thick. 

The gauging mill is of different construction from the other mills, as maybe seen by 
reference tofy. 1527, where the rollers, a, 5, are seen in the act of reducing a fillet. 
The upper roller is fixed in brasses loosely clamped together ; the upper brass, n, being 
firmly bolted to the main frame of the mill by screws, while the low-er one, winch 
carries the weight of the roller when it is running empty, is supported by spiral springs 
not shown. The lower roller works on a brass, which rests on a wedge shown at e ; tlie 
brass being cut to fit the wedge, so that it may become similar to a solid mass, irre- 
spective of any motion given to the wedge. By this mode of adjusting, a dilfbre 2 ]co of 
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the 0'(M)1 of an inch may be made with ease between the dishinco of the rollers, and 
wnsequently in the thickness of fillets which may pass betw een t hem. The w'edge c 
is moved forward and backward by the screw/, which itself has motion from the gear 
*work,y. Directly a fillet is passed between the rollers, the topmost one is forced 
against its upper brasses, and further upward motion becomes impossible. As the 
gauger of fillets requires other tests besides that of the thickness of the edge of the 
fillet, he punches out a blank from an occasional fillet by a hand-press ; the blank 
falling through the bolster of the cutter is caught, and is then weighed in the hand 
•calss agidnst a standard weight, from which it must not vary more than 0*60 grain, 
00 l^aSiln addition to the gauge represented by /y, 1626, one of great accuracy, by 
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which to measuro the fillets at any pointy as to width and thickness. This gauge will 
be more intelligible by reference to fig. 1»528. a is the handle, which is hollow ; B is 
a lever attached to the flat rod of copper c, wliich at e is cut with a rack, into which 
a pinion, f, is made to work. The pinion, f, works on a shaft, the upper end of which 
carries a hand provided with a vernier, o. If now the handle, a, be firmly held by 
the hand, while the thumb bo made to press the lever, b, towards the end of the 
handle, the rod, c, is set in motion, and causes the vernier, a, to travel over the dial- 
plate. The ro(l, c, rests on another rod, d, made of steel, and so long as to pass into 
the handle of the instrument. The ends of the rods, c and n, are fitted at a with steel 
shoulders, and are then continued, as represented. If it be desired to measuro the 
thickness of a fillet, the points arc caused to open by pressure applied to b, and the 
fillet is placed between them, when a spring brings back the rod, c, as soon as b is 
gently released, and encloses tho fillet. The separation of the points by the fillet 
causes tho hand or indicator, «, to stand at a point from zero, which is then read. The 
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scale is divided into 500 parts ; and if the points be opened 0*50 inch, the hand makes 
one revolution ; so that the *001 of an inch is gained by one reading. But each 0*001 
is subdivided by tho vernier into ten, so that a ton-thousandth part of an inch is read 
without trouble. To measure the diameter of a blank coin, or the width of a fillet, 
it must be placed between tho points ; but since the extreme graduation of this gauge 
is 0*50 inch, it is necessary if it bo desired to measuro a larger diameter, to press back 
tho lever, b, till the zero of tho vernier, o, reaches 0*600 on the scale, and hold it there 
while a clamp is made fast at the spot indicated by a, tx) prevent the motion of c 
without D, When tho clamp is fixed, tho rod, n, must be drawn out till the zero of tlie 
vernier reaches that of the scale, when the screws, ii, must bo tightened to retain i) in 
its new position, with half an inch permanent opening between the points. In a new 
measurement, tliat permanent 0*500 must be added to the reading. This arrangement 
admits of measuring up to 3*5000 inches, to which limit the gauge is extremely accu- 
rate. The instrument was invented by Mr. G. F. Ansell, because ho found it diflicult 
to convince the men that tho fillet was thickest in its middle, and consequently heavier 
there than it should be ; and the production of this instrument at once overcame all 
those difficulties. 

Tho fillets are weighed from the rolling-room to the drag-room, where they ar© 
finally adjusted; for with every energy, discretion, and skill, fillets cannot he 
obtained of uniform thickness by simfile rolling. In tho drag-room the fillets are 
taken to the small shears, by which one end of each fillet is trimmed so as to render 
it square. The fillets having been trimmed so as to render their ends square, are next 
passed to the extent of about two inches between the rollers of a flatting mill, shown 
ixifys. 1529, 1530, 1631, which reduce that part of the fillet to about two-thirds its 
thickness, a b represent a pair of small rollers, the upper one of which is cut -with 
three flat faces, so that it has three rounding and three flat surfaces ; hence, -when both 
rollers are revolving, there are spaces with openings between them ; but when the 
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rounding flaces come down, those openings are much narrowed, so that any fillet placed 
between tiiem becomes thinned to just such an extent as may b© deemed necessary. 


1629 lh30 



The rollers tra vel in opposite directions, so ns to cause the 
expulsion of a fillet placed between them. The fillets aro 
rested on i. while being flatted, and arc, after flatting, 
placed in a trough, from which they are taken to a rolling- 
mill in the drag-room, of precisely the same construction 
as that exhibited at Jig. 1527, to be passed twice through 
at equal pinches, with a view to render them still more 
accurate than they were when leaving the rolling-room, 
as well as to reduce them to the exact thickness at which 
the tryer has found they will produce the best work at 
the draw-bench, to which they are now ttikon for final 
adjustment. The rolling-mill in the driig-room was 
provided with steel rollers, which have boon wisely 
abandoned. 

Mgs. 1532, 1533, represent the head of the draw-hmeh, 
the name of which is retained, as being in fact its 
only appropriate one. The flatted end of each fillet is 
passed into the opening shown. The dog, Jig. 1532, is then run up till its teeth seize 
the fillet The lever is depressed until one of the hooks, /, witclics a bar of the cir- 
culating chain, b, which in its onward motion drags the dog, and causes it to bite the 
fillet and draw it through the opening at which it has been entered, b gets its motion 
from a notched cam, the axle of which is shown at o. There are two distinct chains 
to each draw-bench, and there are two distinct draw-benches, so that one description 
does for both double ones, c is a cogged wheel, the shaft of whicli, o, carries two 
notched drumi^ and each drum gives motion to a chain, so that both chains travel at 
the same pace, c is set in motion by the pinion, n, on the shaft which is driven by 
the wheel s, Jig. 1684. b is driven by h, which is on the shaft driven by tlie strap 
and drums o. Fig. 1683 is a representation of the head ot the draw-bench, and in 
studying this engraving it will be well to refer at the same time to jig. 1532. The 
dog takes its name its resemblance to the head of a bull-dog. It consists of a 
pair of levers, whose long arms extend beyond the axle-tree of the wheels d, and 
whose |h<»test arms are formed by the passing of the other iixle-tree through the 
levels teeth are set at the front of the short arms. The axle-tree near d is fixed 
to the bars fonninff s,/, and runs loosely between the long arms of the lever, so that 
ItiieB 4,/ is pulled foxcibiy it eanses the axle-tree to open the long end of the levers, 




and thereby to close the short end or teeth of the dog, the more rigidly in proportion 
to the pressure exerted. Directly the fillet has passed through the cylinders, the dog 
springs slightly by the elasticity of the fillet, and thus releases itself from the chain 
B ; at the instant of release the weight, h, over the foremost wheels falls, and by its 
fall lifts the hooks/ so high as to admit of their escaping contact with the circulating 
chain b. The position of the teeth of the dog is shown between x, x, in Jig. 1533. 



The flatted part of the fillet is just so thin as to admit of its passing easily between 
tlie cylinders until seized by the dog, but the part which is not thinned comes against 
the cylinders, x, and requires considerable force to drag it between them. The Cylin- 
ders do not rofcite ; in fiict, they may be considered as forming part of a solid mass. 
As the cylinder wears, the screws of f may be loosened to permit the shifting of the 
abraded part, so that tlio whole circumference of the cylinder may bo used. The 
lower cylinder is laid on the bod d, and is clamped there by a cheek fastened on to f 
by throe screws, the holes for which are shown on x ; the upper cylinder is fixed to 
tho mass, d, by a precisely similar arrangement. The beds c, d, aro held perpendicu- 
larly by the points of tho screws k ; and wo may now Ti(5Wtho cylinders as secured to, 
and forming part of, their beds. The distance between tho cylinders is regulated by 
the capstans, h, which separate tho beds of the cylinders, and so separate the cylinders. 




The accuracy of thi.s adjusLinciit is all-importaut, because tho distance between the 
cylinders determines tho thickness of tho fillet which passes between them. The bed, 
I), of tho upper cylinder is required to bo moveable at pleasure ; it is therefore pro- 
vided with four wedges, two of which, c, c, are cut so that if looked upon from the 
top a round hole shows itself, and through this hole the end of the screw g, which 
;it this point, l, is plain, and has a neck turned in it, passes, with its head beneath 
tho wedges and against tho upper d. So soon as this is effected the wedges a, b, 
are pressed into thuir places, and these holding c c together, cause them to secure 
G by its neck ; if, therefore, a be now caused to rise, the block D must rise with it, 
but tho head of this screw rests on the solid block d, while its neck is just so long 
as to admit of this without itself being pressed against the wedges c, c. o is a very 
fine-cut screw, which fits into a female-screw cut in the frame of the head of the 




544 


MINT 


draw-bench; it is moved to any distance varying from the 100,000th part of an inch 
(0*00001) and upwards by the wheel h, which receives a very minute motion from the 
pinion p by means of a lever, o, fitting into the capstan-head h. k was originally 
intended to be used to set or fix the screw a when it had been brought to its proper 
position, but it is not used ; for, in fact, the C 3 dinders wear a wny appreciably by the 
passage of the fillets, so that they constantly require to be brought nearer together to 
make up for this wear. With some species of gold the friction is so great that, 
althougli oil is used, the cylinders foecome so hot as to render the gold pasty ; in such 
case a kind of welding takes place, which causes the tearing of the fillet. If this 
extreme point be not reached, as indeed it seldom is, the cylinders become of vaiying 
temperatures, and so great is the effect of this that, in order to compensate for it, the 
upper cylinder has to be continually raised or depressed. The l)ods which carry the 
cylinders become worn by the strain and fret, and require grinding out at intervals ; 
therefore, to allow for the difference wdiicli this would make, screws, n, are provided, 
by which the cylinder in the lower bed can always be raised to its proper position. 
We cannot but admire the ingenious productions of inventive minds ; and surely, if 
ever there were a marvellous nmehine for assisting the coiner, it is this ; indeed, it 
may be doubted whether a more admirable instrument for its purpose can be con- 
trived. Sir John Barton, who invented and directed the making of it, took into 
consideration every circumstance which could possibly arise, but he never saw prac- 
tically the full advantage of his conception. There are some persons who smile at 
the draw-bench, but it is one of thos^b inventions which will outlive its detractors, at 
least so long as economy and perfection are points to be studied in coining. Foreign 
mints are said to have found no advantage in the use of the draw-bench. It is to be 
regretted that this instrument has not yet been efficiently used. Mr. .1. Martin, of the 
Paris Mint, has recently made sonic very accurate experiments witli the draw-bench, 
and has produced results every way in accordance with those obUiiued by Mr. Ansell 
in the Royal Mint, and is convinced that the draw-bench may be considered ns the 
coinsr’s right hand. 

When the fillets have passed between the cylinders 
1536 of the draw-bench, they are sheared into four lengths 

by a pair of hand-shears affixed to the bench, and 
the pieces passed on to the tiy’^cr who, by a liand 
cutting-out press, shown at fy, 1535, punches out 
one or more blanks from ench piece of fillet, and 
weighs it in a delicate balance, placed close beside 
him, that he may judge if the fillet be likely to 
produce good blanks. The fillet is placed for this 
purpose on the liolster, a, and is held in the left 
hand, while with the right lie seizes the handle, c, 
and pulls it suddenly towards him, when its motion 
causes a screw with which it is provided to depress 
the cutter, n, which cuts a blank and puslies it 
through A, the tryer .at the same moment placing Ids 
hand under the bench to cjitch the blank as it tails. 
The spring, », is so powerful as to carry back the 
handle to its original position while tlio tryer is 
catching the falling blank. 

The fillets, notwithstanding the draw-bench, cannot bo brought to perfect aocui’jioy ; 
and, to meet such variations as arise, a difference is made in two of the cutting-out 
punches, by altering their diameters to such an extent, that a blank cut by them from 
a standi fillet would vaiy in weight from a blank cut by them from an ordinaiy 
fillet. One cutting-out punch is so altered that a blank would bo 0-125 grain, and 
the other that a blank would be 0*250 grain he.n.vier. This admits of a fillet other- 
wise too thin being used; but if the fillet be found to err on the other side, it is 
passed once more either through the draw-bench, or through the mill at a spring- 
pinch.^ The tiyer should be selected as a peculiarly steady man, possessing a 
calm judgment, with considerable energy, ns upon him depends the accuracy of 
the whole process of coining ; lie has not unfrequently so to manage liis work that, 
upon 5,000,000 of sovereigns coined, he should arrive to within one sovereign of the 
calculated value. 

The fillets, having been thrown by the tryer into the receptacles wliich indicate the 
particular cutting-out punches to which they are to bo biken, are fetched by a man, 
who wipes the oil, and then carries them to the cutting-out room, where the fillets 
are cut into blanks and seissel. The cutting-out presses used in the Royal Mint are 
vtstj cumbersome, and when in operation are terribly noisy ; it is therefore hoped that 
»o distant period they may be replaced by some of a far more simple construction ; 
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blit it is believed that under all circumstances it will lie found wise to adhere to the 
plan of cutting out a single blank at each descent of the punch. For bronze it is well 
to obtain five or more blanks at each blow, but the limited variation of weight allowed 
by law on blanks of the precious metals would render this false economy. Fig, 1636 
represents one of the twelve cutting-out presses, which are all driven by a wheel pro- 
vided with a series of cams on its outer rim ; one of these cams is in the act of striking 
the friction-roller, f, which is attached to, and forms part of, the lever d. d is fixed 
to an upright shaft, which at e is cut w'ith a screw-thread working into a female-screw 
fitted into the main-shoulder of the press at c. If now the cam strikes f, and throws 
it outwards, it causes the shaft n to take a part of a revolution, and in so doing the 
screw E makes it rise and carry with it the block n, whoso tendency to circubir motion 
is prevented by a plug fitting into its groove, and fixed in the guide o. The lower 
end of N carries a screwed cap, 
w'hich supports the cutting-out 
punch, BO that when v. rises it 
carries the cutting-out punch 
through just the same distance 
that itself travels upwards. The 
cutting-out punch is now rcudy 
for action, and is released by the 
continued revolution of the wheel ; 
but, as it could not fall with suf- 
ficient force of itself, assistance is 
rendered by the pressure of the 
atmosphere, as will be seen by 
the following arrangement. The 
lever d is provided at h with a 
loop of iron travelling on a screw, 
so that it may be moved farther 
from, or noiirer to, the centre of 
action, and thus admit of the in- 
crease of power. This loop of 
irou is represented by h, and is 
continued by a rod of iron across 
the upper part of the room, and 
through a hole in the wall to a 
system of levers, from which a rod 
is suspended, the lower end being 
connected with a piston working 
in a chamber. The chamber is an 
hermetically -closed vessel secured 
to a stono firmly fixed in tho 
floor. The piston works in this 
chamber, and is covered with 
about 2 inches of oil, which pre- 
vents the access of the atmosphere 
b^ leaks to any part beneath the 
piston. If the piston, therefore, 

1h! raised from the base of the chamber, a vacuum is produced in that portion from 
vdiieh tho piston is removed, and consequently tho atmosphere presses on the surface 
of the oil, which in its turn presses on the piston, and carries it down ; in its fall tho 
piston pulls down the cutter, which has been raised ; for the same blow which raises 
the cutter also raises this piston ; therefore, when the cutter is raised the workman places 
the fillet from which blanks are to bo cut on the bolster, shown beneath o, and liolds 
it firmly while the cutter descends and punches out a blank, which falls through the 
bolster into a drawer. By the time that tho down-stroke of tho cutting-out punch is 
Complete, the wedge b has entered a slit in the spring n, and strikes tho spring, thus 
throwing the machine back, and preparing it to start when the cam shall strike the 
friction-roller p. The point at which u may strike k is determined by a screw near 
the left hand f. The upright shaft d, which is partly hollow, terminates at a flat 
cogged wheel, and the upper part of e is made to pass into d ; while at s is an 
arrangement which serves to detach or connect those pieces, that the cutter may upon 
occasion be used by tho hand by means of the lever T, as well as to admit of the 
necessary alterations, as tho punches, by regrinding, become shorter. The entting-out 
punch, when it rises, carries with it the fillet from which the blank has been punched, 
until the fillet comes against the guard 6, which detaches it. 

The fillets from which the blanks have been punched have the appearance of ribbons 
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pei^nted with round holes, and are now called scksel (from the Latin adndo, to cut). 
These are takes at intervals, and bound up by strips of the same into bundles of 180 
onaeee — in the case of silver 360 ounces— ready for re-melting. The cutting-out 
press is set at liberty to start by the workman pressing his foot on a lever in connection 
with the line and spring ; and so long as he keeps this lever down, the press is worked 
continuously, but when he releases it the spring catches the extreme end of d at g, 
and motion is arrested. The blanks which accumulate in the box are collected at 
frequent intervals and examined, toteoe that their edges are smooth ; if they be ragged, 
as may hapjpen from the wear or fracture of the edge of either the cutter or bolster, 
a loss of weight would be entailed subsequently which would cause the coin to be outside 
the prescribed limit, and to pass at an illegal weight into circulation, as the rough 
edges would be removed after the coining of the blanks had been effected. Accord- 
ing to the quality of the work— the character of the gold — ^under operation, the tryer 
tests more or less frequently the variations of weight in a given number of blauks. 
This process is called pounding, and is, next to the trying, the most important of his 
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dudes; if such an expression can bo admitted, lie has, by irying, fired his shot, and 
here detwmines if he has liit the bull’s-eye, all depending on his own unaided judg- 
ment The gauge, 1628, is found of great service in detecting irregularities as to 
diameter and thidmess, which would not he, and are not, detected by weight, for the 
wmght may remain equal, although both diameter and thickness may vary. All these 
points require ijonsiderable care on the part of those whoso duty it is to attend to 
them ; for the quality of a coinage is determined in this room : blanks which once 
leave it cannot be afterwards altered. The subsequent operations, being purely me- 
<>kanical, would be quite as well performed by automaton machines. 

The compl^ng proe^es fonn undoubtedly the prettiest and most interesting part 
ti the opemtion of coining ; nevertheless the processes already describ^ constitute its 
Mit s ssentisi featees. Ihe blanks axs weighed from this room in drafts of about 
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720 ounces, and placed in bags ; each bag, therefore, contains four journeys of about 
180 ounces each. These bags are placed on trucks and taken into the marking-room, 
where they are emptied, and the Manks submitted to the action of a machine whose 
operations reduce the diameter of each blank by compressing its edge. It is called 
Jones’s Edge Compressor. Fig. 1537 represents Mr. .Jones’s machine. The blanks 
are placed in the Hopper a, and fall by an incline into a tube b until they rest at c, 
on a notched wheel d. As d revolves each of its notches carries away the bottom 
blank of the pile from the tube b, and leaves it to slide down the tube v. till it reaches 
the block f. Tho block f is cut with a narrow groove, which exactly corresponds 
with the groove g* on the plate or disc g. Tho disc o revolves, and as the blank slides 
down and comes witli some little impetus against the groove in the block f, the 
groove G* catches it, and causes it to take two revolutions between the disc g and tho 
block j’, finally permitting its escape at h, when it falls into i, being now reduced in 
diameter and thicker on the edge, but its centre remaining as it was before. The 
machine is driven by J, the shaft of which cjirries a reduced rigger for tlie driving of 
K. The hopper is supported by the rod n. The distance between p and g represents 
tho diameter of tho blank after its edge is compressed, this distance being determined 
by the screws soon at m. Ulanks of all diameters may be compressed at this machine 
if the block f and tho plate or disc g bo removed and replaced by others, neither 
operation taking many minutes. The edges of the blanks are compressed at tho rate 
of 700 per minute. A boy of fourteen could work this perfectly well, and with more 
convenience now that tho hopper is replaced by such an one as is used to supply Mr. 
Cottons weighing machine. The edge of the blank is compressed with a view to 
prepare it for the crenating to bo given by the collar in the after process of conversion 
into a coin. 

The blanks are conveyed from the edge-compressor to tho annealing-room, where 
they are freed from oil and placed in copper tubes, some charcoal being sprinkled on 
tliem to prevent the action of atmospheric oxygen on tho alloy so far as possible. 
The tubes are then placed on iron carriages, and run into reverberatory furnaces, 
lioated by Juckse’s smoke-consuming apparatus, where they remain for an indefinite 
]>(^riod. Tho furnaces are like that represented in the rolling-room for annealing the 
fillets in copper-tubes. To anneal tho blanks, the temperature should bo raised 
rapidly until tho tubes attain a full red heat; and the time allowed for tho operation 
should bo from twenty to twenty-five minutes at the utmost. After the heating, tho 
tubes are withdrawn from the furnace and placed on tho floor of the room, till tlie 
blanks are assumed to have become cool. Tho charcoal is then sifted away, and the 
blanks cleaned and taken to tho press-room to be coined. There are, nevertheless, 
some soiled blanks, which are blanched in dilute sulphuric acid. 

Tho blanks taken from the annealing-room are each by a single blow of the coining 
press converted into coins possessing the obverse and reverse impressions, as wfdl as 
the crenated edge, which is one of the means employed to protect the coin from the 
peculations of the clippers, those enemies to coin of all ages and all countries, but 
whoso business has departed, not so much from tho crenated edge as from the better 
balances placed in tho hands of almost every man — certainly withii) reach of every 
man. The crenated edge is known to be no protection against the plan called 
‘ sweating,’ and which is eflfectod by shaking the new coins in bags, when perhaps an 
ounce of gold may bo obtained from 1,000 new sovereigns. The sovereigns thus 
treated are passed, and the operator makes his profit, but tho light gold is detected 
by tho balance, not by the eye. This is not the place to discuss such a question, so 
that we pass on to a description of the machine which is used to give the imago and 
superscription to coins which will be current in accordance with the law. 

The engraving illustrates Mr. Eoulton’s screw coining press, which alone we 
describe, although there are also lover presses in the Mint. The blank is laid by tho 
automaton hand l, on the lower die ; l, retires, and tho collar then rises and encloses 
the blank, while the upper die, fixed to tho main screw of the press by the securing 
apparatus 4, comes down with a blow estimated to be about forty tons, and, striking 
the blank, causes its particles to re-arrange themselves, and to assume the form given 
by the engraving on the dies and tho crenated collar which surround thorn ; in other 
words, the plain blank becomes by one blow a coin in every way complete. The 
following description will convey to tho reader an explanation of the processes as they 
arise. The press having been set at rest, with the fullest space between the dies, is 
called up — that is to say, tho upper die has been raised from the lower die, and in 
this position tho automaton hand l has conveyed a blank from the tube it to, and 
holds it over, the lower die ; upon the frret motion of the press downwards, the 
eccentric wheel or cam 7 causes the lever n, which works on the pivot 1, to withdraw. 
Tho lever h may be lengthened or shortened at pleasure by an arrangement at the 
lower end. The first motion towards the withdrawal of l causes its finger or hand 
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to open, and to release the blank, which falls upon the face of the lower die. The 
opening of the finger, or hand, is effected by a pin which works in a slit in the moveable 
fin^r of L. The continuation of the motion which draws back l, causes the rods e, 
which are carried by the main screw d, to release the collar by the levers o. The 
collar being thus relieved from downward pressure, rises by the elasticity of the 
springs untS it wholly encloses the blank which has been left on the lower die. The 
rods B pass through the shoulder of the frame of the press, and are destined for 
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another service besides that just described ; for the main screw n, which travels 
through a female-screw fixed in the frame of the press, thereby receives its power to 
rise or &U upon each part of a revolution, whereas the upper die must strike tho 
blank a blow just such as would be stru^ by a hammer, and without a twisting 
toOtion ; therefore that motion of n ijs lost just below the lower d, where d fits into a 
snspended rigidly on, and is prevented from twisting by, the rods i, as shown at f, 
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To tho lower part of the cup is fastened 4, which carries the upper die. So that, just 
at the momeut that the levers o have permitted the collar to enclose the blank, the 
upper die reaches the full force of its blow, and comes upon the blank. The force of 
the blow, by converting tho blank into a coin, causes an instantaneous recoil of the 
screw D, which is assisted in its rise by a kind of balance just equal to its weight. 
Tho nature of this arrangement will bo better understood by reference to jig, 1538, 
where the funnel-shaped tube a is seen to be traversed by a rod a', which terminates 
in tho head of the screw d ; the opening in the funnel being for the convenience of 
fixing this rod to d. At the top is a swivel, where the twisting motion is lost. It is 
conni^cted at its upper end w'ith a balanced beam, the other end of wliich is in com- 
munication with a partially-exhausted chamber: an arrangement which, while it 
becomes a counterpoise to the w'oight of the press, is used as a regulator of the blow 
to bo given, so that it is quite possible to coin blanks of differing denominations by 
the agency of this chamber without altering the vacuum in the large vessel ; for it 
must- 1)0 explained that tho motive power of the press, that which brings down the 
die witli force, is gained by the pressure of the atmosphere. 

As tho coined tfionoy issues from tho press it is collected in trays and examined ; 
all imperfect coins, curiously termed * brockages,’ are picked out ; and the good coins 
weighwl into drafts of 701 sovereigns, equal in weight to about 180 ounces ; these are 
at present sent to tlie weighing-room, where they are examined for imperfect coins, by 
passing over a kind of blanket, so arranged on a scries of rollers that each coin lying 
on its surface can be seen as the blanket rev'olves. 
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Fig, 1539 gives a view of the milled collar a. n being a representation of the lower 
die, with its long neck which iits nicely into the milled collar a. c, the upper die, 
also passes to a small distance into tho collar, so that at tho moment of tho blow tho 
blank is absolutely enclosed. The blow, wliich is estimated at 40 tons, forces the metal 
into every engraved part of the collar and dies. Tho press, which has been described 
with as few technical terms as possible, coins from 60 to 80 blanks per minute, finish- 
ing by one blow the obverse and reverse impressions, and adding the milled edge. 
(For the manufacture of dies, see Dies.) 

The coins when struck are collecteil at frequent intervals and carefully overlopked 
to find any wliich may be defective, for with all the beauty of the mechanism of the 
press, accidents cannot be avoided, ami it is found that about one coin in 200 is im- 
perfect in its finish whatever its size or A^alue. The imperfect coins are returned, with 
the ends cut from the bars, the scissel, and the imperfect and out-of-reraedy blanks, 
to the melting-house every morning. The coins are weighed into bags, each containing 
701 sovereigns, and at intervals, depending on the requirements of the Bank, sent to 
the weighing-room, where each coin is weighed separately in Mr. Cotton’s balance. 

Mr. Cotton’s weigjfcung-niachines form perhaps the most elegant and clever invention 
of modern times. They effect tho process of weighing far more acc^tely than man 
can hope to do; and with extraordinary accuracy determine the weight of about 23 
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coinf per minute. Feoaliarly admirable as are these machines, their perfection has 
been g^tly increased by improvements suggested by Mr. Eichard Pilcher, who has 
immediate charge of those in the ^yal Mint. Mr. Pilcher, whose inventive genius is 
only equalled by his desire to give to the public the benefit of his inventions, has ren- 
dered these automaton balances serviceable to the Mint ; whereas, when they left the 
liand of Mr. William Cotton, they were of groat service to the Bank of England 
alone, for there only two determinations, or in fact one determination is necessary. 
In that institution it is required to show that the coins issued by it are not below 
the legal weight for circulation, whereas the Mint must guarantee that coins lefive 
its works neither above nor below the limits fixed law ; hence the necessity 
for the incorporation of Mr. Pilcher’s improvements with Mr. Cotton’s beautiful in- 
vention. 

Fig, 1640 exhibits a view of a model of Colton’s automaton machine, for the 
purpose of illustration ; and it should he mentioned Unit Messrs. D. Napier and Sons 
are the makers of the machines actually in use. 
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The whole theory of this balance rests on the fact that the centre of gravity and 
the centre of action are in one line : either being disturbed, the balance is no longer 
equal. The machine gains its motion from a shaft fixed to the ceiling of the room. 
Steam contained in a boiler exists under an ever-varying pressure, arising from the 
amount of work which it may bo necessary for the engine to perform, or from the 
irregular combustion of the fuel as ■well as from other causes. Since it is of the 
utmost importance that the automaton balance should be made to maintain a uni- 
form pace, Messrs. Napier and Sons found it necessary to drive the shaft which 
gives it motion by a small atmospheric engine, which is placed in the weighing- 
room. It has been found that a chamber may be kept equably exhausted of air, 
if the atmosphere be admitted to it by a uniformly-weighted valve. Such a chamber 
is used in the Mint for other purposes, and Messrs. Napier conducted from this a 
pipe, by the agency of which tho atmospheric engine is worked with a far more 
even and steady motion than could be obtained by steam; in fact, the exhausted 
chamber becomes a regulated spring, which softens down the variations in the motion 
of the steam-engine. The shaft supported by the ceiling conveys its motion to tho 
weighing-m&chiue by a line which, passing over friction-wheels, circulates round fi 
ste|>ped-whqel, which runs loose on the shaft communicating with 3 . The line is 
maintained ■with safi6cient rigidity by a weight which is suspended at the end of the 
lever earaying fiiction-wheels. The weight is just sufficient to insure the continuous 
of the machine, but it is so light as to permit the line to slip in the event of 




MINT 


351 


anything going wrong in the works of the balance. When the machine is to be set 
in motiom, a kind of cheek is made — by screwing — ^to touch the face of the stepped- 
wheel, and thus, by friction, gives motion to the wheel j. This is an elegant mode of 
meeting a chance of accident, for in the event of the weight proving to be too heavy, 
any extra force simply disconnects this cheek from the face, and so stops the machine. 
The machine having been set in motion, the small w'heel J (by communication with the 
larger wheels, j, all of which are driven by it), causes the cam k <r to push forward 
tlie lever l, which pushes forward the flattened continuation of y indicated by dotted 
lines, until it moves a coin placed in the collar at the bottom of the hopper m, on to the 
sculo-pan f, which, for the sake of dearness, is isolated, and will bo seen in jig. 1541. 
8o soon as the coin has been placed on the scale-pan f, the cam p lowers a lover, 
y», the office of which is to permit the opening of the forceps q, and thus to release the 
rod D, dependent from f upon the knife-edge c. The forceps are closed by the cam p, 
which raises and by it compresses an attached spring. The forceps are intended to 
hold this rod, n, while the coin is phiced on i, because the friction caused by the 
placing of the coin would have a tendency to push p from the knife-edge on which 
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it is suspended, and thus blunt its delicate edge. While the forceps are opened the 
cam o, by its partial revolution, lifts the rod n, which is steadied in its motion by a 
pin rising from it and entering the inverted arch ; its lower extremity working into 
a socket on the table on which the whole frame of the machine stands. 

Towards its lower extremity the rod n will be seen to branch out right and left, 
until each end piasses through a kind of step in the rods d, e, indicated more dis- 
tinctly in Jig. 1541. The office of this rod is to bring the beam, from which the rods 
D, K, are dependent, to a dead level, as well as to release both ends of the beam by one 
action. At the moment that the forceps q have released the rod p, the cam o, by n, 
releases both the rods n, e, by rising from the steps, thus permitting the beam to 
determine the weight of the blank placed on F. A close inspection of the illustration 
will show that tlio rods a are suspended from and rest upon the knife-edges, c, of the 
beam, A, which has a centre knife-edge, t, by ■which the whole mass is supported and 
poised. The knife-edges are made to And their own planes or resting-places upon 
curved or hollow pieces of steel, thus securing the smallest point of contact with a 
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certaintT of smallest amount of friction. In ordinary balances the substance to 
be weighed is placed in a pan, which is on the same level as the pan which contains 
tlie counterpoise ; but in Sir. Cotton s balance this condition is of no consequence, so 
that the counterpoise rests ultimately upon a point which is at t ho same distance from 
the centre of action as the point upon which the matter to 1)0 weighed rests. The 
counterpoise, o, is placed in a kind of Ciige, and any variation from this standard 
is at once indicated, even if it reach only to tlic thousandth part of a grain. By law, 
the weight of a coin may vary to a certain extent from a standfttd weight ; the 
variation or latitude allowed is called rermhi, from tho Latin ad remediam ; and in 
weighing, this remedy is taken advantage of by a contrivance much simplified by 
Mr. Pilfer. The weight of a sovereign is 123-274 grains, but it may by law bo 
cither 123*474 grains, or it may fall to 123*074 grains. Mr. Pilcher therefore re- 
duced the counterpoise to the minimum allowed, lliiis avoiding the placing of a 
remedy-wire for the light side ; and he then made the remedy-wirt^ q (shown in the 
first enlarged portion on the left-hand side of the illustration), which is placed on 
the stand i, upon a peculiarly-formed point indicated in fig. 1642, so heavy that 
any blank which would not raise it and the counterpoise, must be within the remedy 
on the heavy side. In accordance with this arrangement, tho continuation of tho rod 
K is terminated by a cage, so that if a coin be so light, as to be unable to raise the 
counterpoise until the stirrup comes in contact with the remedy, it is too light to make 
a legal coin. This fact being determined, the motion of the macliine cairses the cam 
K to bring back the rod l, that it may be read}* when required to push forward 
another coin, and tho forceps q to grasp the rod n, while the cam it permits tho 
falling of the rod s, which is nearly counterpoised by the ball m (the precise length 
of the rod being regulated by the screw.;), until its finger rests upon the indicator. 
The depth to which s shall fall is fixed by the step (shown in the enlarged portion of 
fig. 1641). This is. of course, determined by the forceps, securing o at the position 
indicated by the weight of the blank. The indicating-finger having come to rest, the 
continued motion of the machine causes the cam, w, to permit the shoot, u, to fall until 
one of its steps, v, comes into contact with the indicating-finger, when the lower part 
of tho shoot must he exactly over, and form part of. one of the tubes which terminate 
in boxes labelled respectively ‘ heavy,* ‘ light,’ ‘ medium.’ The slioot liaving taken its 
position, the continued motion of the machine causes the cam k to induce the placing 
of another coin on the scale-pan f, and this coin, by advancing, pushes off tho one 
just weighed, which, falling into and through the shoot, passes to tho compartment 
reserved for it. Suppose tlie newly-placed coin to bo too heavy for forming a 
legal coin, the same operation goes on, but it now lifts not only the counterpois<;, 
but also causes the stirrup at h to lift the remedy -weight. This is a most deli- 
cate operation, for if a blow, however slight, be given, it would cause unsteadiness 
in the beam. Mr. Pilcher therefore determined to make the carriage, w, fig. 1642, 
which supports the remedy'-wire, stand upon micrometer screws, by wliich the 
remedy-wire is made just to touch the stirrup, without pressure, while it also rests 
upon the most minute points, formed by cutting away every part of i which is not 
actually required — ^in fact, shelving it out. Tho sciile-pan f is protected from draught 
l:)y a lantern, while the coins are directed into tho collar by a guard, as they slide 
down the hopper. 

Some new machines have recently been supplied to the Mint by Mr. James Napier, 
but it is not certain that these are cheaper than the old ones. That they are lower in 
price may be admitted, and they are cerbiinly more convenient in use, from the fact 
that the wheels shown at f are placed at the back. It is, however, to be regretted 
that Mr. Napier did not introduce into these now machines tho recent inventions 
of Mr. William Bradshaw, which are supremely simple ; and, now that they are 
effected, one cannot but wonder that so many minds liaving been engaged on these 
machines, improvements such as these have not earlier seen the light. To Mr. 
Bradshaw, particularly, great credit is due, for he w-as obliged to overcome, not 
only innate difficulties, but difficulties of position, and these latter were of no 
moan kind. It is to the credit of the Mint authorities that they finally adopted 
these improvements, and ordered the necessary alterations to be made in all the 
machines, 

Mr. Bradshaw’s improvements enable the automaton balances to weigh 30 per cent, 
more coins in the same time ; yet they permit each coin to occupy a longer space 
of time in being weighed. This would appear to bo a mechanical contradiction ; 
but if reference be m^e to fig. 1640, it will be seen that the cam k pushes forward 
the lever l, which ultimately, by the slide, pushes the blanks on to the scale-pan f. 
By altering the shape of the cam k, Mr. Bradshaw causes it to do its work more 
rapidly, and thus leaves tho piece un f longer than before ; but that this time may 
80 ( bs lost, he alters also the shapes of the cam r, and of the c:im o, so tliat tho 
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forctips Q nre opened, and tho beam is released more rapidly : thus the balance would 
be longer in action ; but tx) utilise the time ready to be saved, he alters also the 
driving-pulley j, causing the machine to make 30 per cent, more determinations per 
minute, and that this may be effected with greater certainty he reduced the depth of 
the step, shown at v, to just one-half, so that the beam has to travel only half the 
distance it formerly travelled to determine the position of the light, heavy, or medium 
piece. lie next proceeded to alter the rod n, because he observed that it received a 
tilting motion, arising from its being lifted by a shoulder, as shown in the woodcut. 
To overcome this defect ho made the rod straight up to a certain point, where ho 
divided it into a kind of loop which passed over the cam o, which, as it revolves, lifts 
this rod perpendicularly. Ho still found that the cam, o, had a tendency to push tliia 
rod against its bearings, so he placed a spring of brass between the top of its loop 
and the cam o, and by this contrivance made tho cam to lift the brass, and that in its 
turn to raise the rod k. There was yet another difficulty, caused by an occasional 
stoppage of tho action of tho spring which softens tho descent of the bearing of tlio 
rod, into its lower soc'.ket ; this he removed by cutting a hole in the side of the 
socket, so that it can be seen at once if tho spring bo in action. 

Groat inconvenience arose from the collection of dust, spangles of bullion, and other 
foreign matter on parts of tho balance. This Mr. Bradshaw overcame by two simple 
contrivances : first, ho pierced tho bottom of the grooved trays, so that these sub- 
stances might in a groat measure fall through while tho blanks were being arranged 
in rouleaux, thus separating the largest pieces, w'hich, falling dowu tho shoot, would 
stop its action ; and, secondly, ho placed a glass shelf midway between the table and 
the beam, that is, beneath tho hopper m, where it terminates, and above the beam a, 
whore it is seen near the forceps a, thus protecting the beam and forceps. These may 
appear to bo trifling alterations ; they are, nevertheless, to Cotton’s balance what tho 
compound metil balance-wheel is to a watch. Mr. Pilchcsr was granted an honorarium 
of 40/. for his invention of tho file (to be described), but it is hoped that he and 
Mr. Bradshaw will be rewarded more generously for their improvomeuts in Cotton’s 
balance ; for if, by judicious liberality, encouragements are offered to those in the 
CJivil Service to give to the country the benefit of their inventions, we may hope 
that Government institutions will bear comparison with ordinary commercial manu- 
factories as regards tho developoment of inventive genius. Nor is this a small 
matter, for all the working improvements in tho Cotton balance have been made 
by those whose duty it is to attend to their working; yet no acknowledgment, 
either direct or indirect, has been made to the officers concerned. It is said that 
their salaries cover all their time and energy. This may bo true, but such a policy 
is not calculated to result in groat steps towards perfecting either machines or pro- 
cesses. 

It is well to state that the beam in Mr. Cotton’s balance is 8'90 inches in length, 
and that its weight is 288’41 troy grains. 

After overlooking, the coins are rung as blanks used to bo, and then weighed sepa- 
rately, all the rejected going to the melting-pot, by which a waste of 50 per cent, is 
incurred at the extreme end of an elaborate process ; but this unwiso course, it is to 
be hoped, will soon ho abandoned when its expensive and perfectly useless extrava- 
gance is considered. After tho various operations of tho'weighing-room, the coin is 
collected and weighed into sopurato bags, each containing 701 sovereigns ; the exact 
weight of the contents of eacli bag is noted ; and the bags, having been placed in a 
truck, are taken to the Mint Office, where they undergo what is called pyxing, which 
is simply tho selecting from each and every bag a pound weight, from which two coins 
are taken ; each coin is weighed, and its weight recorded. Of these coins one is 
placed in the hands of the assayer, to determine its value as to por-centage of gold, 
and tho other is sealed in a packet, which is placed in a pyx for the trial of the 
PYX at Westminster — an ancient process now useless, because any skilled man can 
detect by assay a deterioration of the coin. These particulars having been taken, the 
coin is in due course delivered to tho officers of the Hink of England, who conduct it 
in amounts of about 140,000/. to the Bank in a waggon. 

It is to be regretted that the system so long adopted, and founded on the experience 
of years, has been altered, to the manifest disadvantage of the public; for it will be 
observed that under tho circumstances which now obtain, there must be an enor* 
moiis waste at the extreme end of a tedious and expensive process. Fop all coins 
which exceed the limits of the remedy, on either the light or the heavy side, are 
obliged to be remelted, because tliere is no practicable means by which light 
pieces can be increased in weight, or the heavy pieces reduced, so as to bring them 
within the remedy. Thus, therefore, as much as 50 per cent, of finished coin is use- 
lessly sacrificed. If this loss became one of money value alone it would bo hard to 
bear, but it has, in addition, the effect of reducing the out-tum of tho Mint, and has 

VoL. ni. A A 
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Unui eamed oannderable dissatisfaction amongst the commercial world by producing a 
mat scarcity of coin, for it has happened Uiat so much ns 70 per cent, of ail the work 
has required to be remelted. Now it can be understood if, say 50 pop cent, of 
the work produced be lost, it amounts to a practical reduction of the powers of the 
Mint, and this reduction, wilfully incurred, has boon used as an argument for the 
necessity of building new mint premises ; instead of so expensive a plan being con- 
tinned, the Mint authorities should return to the proper system of coining, by which 
the Wanks were weighed before coining, and thus such pieces as were too heavy could 

be reduced by tJie file. . , ^ . 

This Ale was invented by Mr. Pilclier, who, being Ibo officer of this room, con- 
siders his duty to be neglected if there be any improvement capable of being made, 
but which is left undone : he never tires till the invention is complete, and the 
machine made. Mr. Albert Barre, the distinpished engraver to the Paris Mint, de- 
clares this file to have surmounted all the difficulties ho has mot with in this part 
of the process. In his own words, ‘ It leaves the face of the blank untouched, and 
free to develope the work of the engraver, w'hich no other file does or can effect, 
because any metal which lu ploughed out from the faoo of a blank leaves a hole which 
is not filled up in coining.* . . , , . 

Feeling that this mucn-desired re-introduction will take place, it is thought wise to 
give the following description of Pilcher’s file, which, if not desired for the benefit ot 
our own Mint, will be adopted by otber coining countries :—Fig, 1543 is a represeuU- 

1543 



tkm of this compact machine. The blanks are placed in rouleaux in a tube, n, which 
is open at top and at bottom ; through the opening at the bottom the blanks rest their 
edgu on the file, ▲, which, as it revolves about 1,000 times per minute, files off metal 
ftom the edge of the blank. Each machine has two tubes, and when botli have been 
filled the rod, c, which carries a triangular knife-edge, is released by a lever, and the 
knife*edge resting upon the upper edge of the blanks, b, with the intention of offering 
resistance to their rotary motion, enables the operator to remove much or little 
metal from their edges at pleasure by increasing the resistance which c offers by 
adding a weight, f, on to the gallery, n is a glass dish into which the dust, as it is 
removed firom Ihe edges of the bla^, falls, thus insuring a perfect separation of the 
dut$ ftom the b^nks. The blanks in b are kept in their position by small blocks of 
ebonv, wWdi are secured bv the thumb-screws, o. Motion is given by the wheel, j, 
whidi communicates with tae driving pulley by a cord or catgut. The whole machine 
stands on a block of mahogany securii to a table of oak. A hopper of brass shown 
^ doti^ lines is provided, with a view to catch flying particles of the precious metals. 
Jbeh file rednees ^0 aovereign blanks per minute. 

The coined numeya are rung hy boys to detect any which may be dumb or cracked, 
i^iich ait nggm to melting, Dumb or cracked pieces arise when bubbles of 
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air are enclosed in the bars at the time of pouring the fluid metal into the moulds iu 
the melting-house. 

Besides this source of dumb work, may be mentioned another of large occurrence in 
silver, and occasionally met with in gold, which results from an imperfect mixture of 
the alloy at the time of melting, and developes itself at the draw-bench, where whole 
flllets, of six feet long, may be seen to separate into two complete layers of metal, tlie 
inner surfaces being coated with a thin film of copper, frequently quite pure, but some- 
times in the form of suboxide. It would thus appear that a globule of copper becomes 
enveloped in a volume of fluid gold or silver, and, in the act of pouring, this globule is 
drawn out into a kind of wire, perhaps extending some inches in length, enclosed in 
precious metal. When this is rolled it is all flattened together, but there is no adhesion 
between the surfaces, so that when the fillet passes through tlie draw-bench, the lateral 
motion given to the atoms of the metal causes the slip which finally separates the two 
surfaces' of metal, and the eye at once detects tho existence of the tanlt. 

The law enticts that 20 lbs. weight troy of standard or crown gold shall bo made 
into 934'/)0 sovereigns, and this proportion gives the means of determining the 
tlieoreticiil weight of one sovereign; for if the 20 lbs. troy weight produce 934-50 
coins, it is only necessary to divide by that number tho number of grains in 20 lbs. 
troy, and the quotient wnll represent the weight of a single sovereign, viz., 
123-2744783306581059 troy grains; therefore tho journey of 701 sovereigns should 
weigh 180*032102728731942215 troy ounces, and a million 256821*829855377 troy 
ounces, equal to 7*8618927506797 tons avoirdupois; hence the War Indemnity of 
Prance weighed 1572*37855 tons. 

The following measurements, taken from a set of proof coins of the present reign, 
will convey an idea of the probable size of any coin of the realm ; but from tho reason 
before stated, a man need not be disappointed should ho find the diameters differ from 
any he may examine by an accurate gauge. While stating the diameters (which never 
vary beyond a few thousandths of an inch), it is thought proper to give the legal weight 
and legal tender of each denomination of coin current in Great Britain : — 


Denomination of Coin 

Diameter 

Weight in Troy 

Legal Tender | 



inches 

grains 

ounces 


To the value of— 

2 

1 Sovereign 

0*8680 

123*2744 

0*2568 


> Tho highest sum 

C3 

Half-sovereign 

0*7622 

61*6372 

0*1284 


1 known. 


'Crown 

1*5048 

436*3636 

0*9090 

1 



Half-crown . 

1*2714 

218*1818 

0*4545 




Florin . 

1*1826 

174*5454 

0*3636 




Shilling , 

0*9296 

87*2727 

01818 




Sixpence . 

0*7648 

43*6363 

0*0909 



o 

Fourpenco 

0*6456 

29-0909 

0*0606 


Forty shillings 


Throepince 

0*6383 

21-8181 

0*4545 


sterling. 


Maundy 







Fonrponce 

0*6957 

29*0909 

0*0605 




Threoponco 

0*6383 

21*8181 

0*4545 




Twopence 

0-5294 

14*5454 

0*0303 




Penny 

0*4388 

7-2727 

0'0151 



u 

Penny 

1*3502 

291*6666 

0*6076 

One shilling sterlg. \ 

o 

Halfpenny 

1*1155 

145*8333 

0*3038 

Sixpence „ 1 , 

§^1 

Farthing . 

! 0*8575 

72*9166 

0*1519 

Sixpence „ f 

o 

Half-farthing . 

0*6953 

36*4583 

0*0759 

Sixpence „ ) 

o 

N 

' Penny 

1*2000 

146*8333 

0*3038 

One shilling „ 

Si 

Halfpenny 

1*0000 

87*5000 

0*1822 

One shilling „ 

n 

_ Farthing. 

0*8000 

43*7500 

0*0911 

One shilling „ 


It appears that the Eoyal Mint should sustain less loss than any other mint by the 
coining of gold and silver. If allowance be made for the sale of the sweep or dust 
which results from a coinage, the totiil loss, inclusive of every operation in coining, 
should be so small that it might be passed without notice ; in fact, there ought to be 
a minute increase of weight from traces of oil wliich are loft on the fillets to enable 
them to pass through the cylinders of the draw-bench. By melting there seems to be 
some loss of metal : this should reach about 100/. per million coined ; such loss 
would be wholly explained by refining, through the removal of copper by oxidation ; 
although this is minute, still it is enough to explain the loss which is thus indicated. 


* Proclaimed illegal since Slst December 1869. 

A a2 
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If the assaye be doeely watched there can be no lose, for tJie trial of the pyx in- 
Tariably shows the gola coin to err on the side of purity. Therefore, if the Master 
of the Hint should determine to issue gold of exact standard, he may fairly cover 
every source of loss, and coin money without waste of metal. Each grain that is 
found in excess of the standard upon the pound w(jiglit of gold causes a loss of about 
18(W, upon each million coined. The moneyers formerly sustained a loss of about 
700/. for each million coined, such loss being exclusive of melting. This has never 
been entirely satisfactory; and the loss by coining alone rarely reached so high an 
amounti although 873/. per million would seem to have been determined by some 
careful experiments as the necessary loss. This gold, it will be easily conceived, was 
lost by volatilisation, and by other small sources of water in so extensive an operation 
86 that of coining. Although it is perhaps impo.ssible to avoid all loss, it appears to 
be reduced to a minimum by the groat attention that is now paid to every division of 
the process. — G.F. A. 

A genus of plants belonging to the natural order Nyctaginacea;. 
They are known to the French as Belles de nuit. The Peruvian species Mirahilw 
jalapOt or false jalap, has a purgative root, which was formerly mistaken for the true 
jalap. M. dichotoma is the w'ciUknown garden flower commonly called the ‘ Marvel 
of Peru/ or the Fleur de quatres Tieures of the French. 

MZXBASr3B« SSSanrCB or. A fancy name under which M. C. Collas, of Paris, 
sold nitrobenzoL 

MZUOMI. Under Glass Manufacture, the process of casting the large plates 
for mirrors has been described. Wo have therefore only to describe in this place the 
preparation of the plate glass and its silvering. 

The smoothing of the plates is effected by the use of moist emery washed to succes- 
sive degrees of fineness, for the various stages of tho operation ; and the polishing 
process is performed by rubbers of hat-felt and a thin paste of colcothar and water. 
The colcothar, called also crocus, is red oxide of iron prepared by tho ignition of 
copperas, with grinding and elutriation of tho residuum. See Colcothar, 

Tho last part, the polishing process, is performed by hand. This is managed by 
females, who slide one plate over another, "while a little moistened putfy of tin finely 
levigated is thrown between. 

lirge mirror-plates are now the indispensable ornaments of every large and sump- 
tuous apartment ; they diffuse lustre and gaiety around them, by reflecting the rays of 
light in a thousand lines, and by multiplying indefinitely the images of objects placed 
between opposite parallel planes. 

The silvering of plane mirrors consists in applying a layer of tin-foil alloyed with 
mercury to their posterior surface. The workshop for executing this operation is pro- 
vided with a great many smooth tables of fine freestone or marble, truly levelled, liaving 
round their contour a rising ledge, within which there is a gutter or groove which ter- 
minates by a slight slope in a spout at one of tho corners. Those tulles rest upon an 
axis of wood or iron, which runs along the middle of tlieir length ; so that they may 
be inclined easily into an angle with the horizon of 1 2 or 13 degrees, l>y means of a 
hand-screw fixed below. They are also furnished with brushes, with glass rub s, with 
rolls of woollen stuff, several pieces of flannel, and a great many w^eiglils of stone or 
cast-iron. 

The glass-tinner, standing towards one angle of his table, sweeps and wipes its surface 
with the greatest care, along the whole surface to bo occupied by the mirror-plate ; then 
taking a sheet of tin-foil adapted to his purpose, he spreads it on t he table, and applies 
it closely with a brush, which removes any folds or wrinkles. The table being hori- 
zontal, he pours over the tin a small quantity of quicksilver, and spreads it witli a roll 
of woollen stuff ; so that the tin-foil is penetrated and apparently dissolved by tho mer- 
cury. Placing now two rules, to the right and to the left, on tho borders of the sheet, he 
pours on the middle a quantity of mercury sufiScient to form everywdiere a layer about 
the thickness of a. crown piece ; then removing with a linen rag the oxide or other im- 
puritias, he applies to it the edge of a sheet of paper, and advances it about lialf an inch. 
Meam^iile another workman is occupied in d^ng very nicely the surface of tho glass 
that is to be silvered, and then hands it to the master workman, who, laying it flat, places 
its anterior edge first on the table, and then on the slip of paper ; now pushing the glass 
forwards, he twes care to slide it along so that neither air, nor any coat of oxide on tho 
mercury can remain beneath the plate. When this has reached its position, he fixes it 
there by a weight applied on its side, and gives tho table a gentle slope, to run off all 
the loose quiclmlver by the gutter and spout. At the end of five minutes he covers 
the mirror with a piece of flannel, and loads it with a great many weights, which are 
left UMn it for 24 Imurs, under a gradually-increased inch nation of the table. By this 
time the plate is ready to be taken off the marble table, and laid on a wooden one sloped 
ISkb a reading-desk, with its under edge resting on the ground, while the upper is 
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raised successively to different elevations by means of a cord passing over a pulley 
in the ceiling of the room. Thus tho mirror has its slope graduated from day to 
day, till it finally arrives at a vertical position. About a month is required for 
draining out tho superfluous mercury from large mirrors; and from 18 to 20 days 
from those of moderate size. The sheets of tin -foil being always somewhat larger than 
tho glass-plate, their edges must pared smooth oflF, before the plate is lifted off tho 
marble table. 

Process for Silvering Concave Mirrors . — Having prepared some very fine Paris plaster 
by passing it through a silk sieve, and some a little coarser passed through hair-cloth, 
the first is to bo made into a creamy liquor with water, and after smearing the concave 
surface of the glass with a film of olive-oil, the fine plaster is to be poured into it, and 
spread by turning about, till a layer of plaster be formed about of an inch thick. 
Tho second or coarse plaster, being now made into a thin paste, poured over the first, 
and moved about, readily incorporates with it, in its imperfectly-hardened state. Thus 
an exact mould is obtained of the concave surface of the glass, which lies about f of 
an inch thick upon it, but is not allowed to rise above its outer edge. 

Tho mould, being perfectly dried, must bo marked with a point of coincidence on 
the glass, in order to permit of its being exactly replaced in tho same position, after 
it has been lifted out. Tho mould is now removed, and a round sheet of tin-foil is 
applied to it, so largo that an inch of its edge may project beyond tho plaster all 
round ; this border being necessjiry for fixing the tin to tho contour of the mould by 
pellets of white wax, softened a little with some Venice turpentine. Before fixing tho 
tin-foil, however, it must bo properly spread over the mould, so as to remove every 
wrinkle ; which tho pliancy of the foil easily admits of, by uniform and well-directed 
pressure with the fingers. 

Tho glass being placed in tho hollow bed of a tight sack filled with fine sand, set in 
a well-jointed box capable of retaining quicksilver, its concave surface must be dusted 
with sifted wood-aslios, or Spanish-white contained in a small cotton bag, and then 
well wiped with clean linen rags to free it from all adhering impurity, and particularly 
tlie moisture of the broatli. The concavity must bo now filled with quicksilver to tho 
very lip, and tho mould being dipped a little way into it is withdrawn, and the adher- 
ing mercury is spread over the tin w'itli a soft flannel roll, so as to amalgamate and 
brighten its whole surface, taking every precaution agfiinst breathing on it. When- 
ever this brightening scorns complete, the mould is to be immersed, not vertically, but 
one edge first, and thus obliquely downwards till the contres coincide ; the mercury, 
meanwhile, being slowly displaced, and tho mark on the mould being brought finally 
into coincidence with tho mark on tho glass. Tho mould is now left to operate by its 
own weight in expelling the superfluous mercury, which runs out upon the sand-bag, 
and thence into a groove in the bottom of the box, whence it overflows by a spout 
into a leather bag of reception. After half an hour^s repose the whole is cautiously 
inverted, to drain oflf the quicksilver more completely. For this purpose a box like 
the first is provided, with a central support rising an inch above its edges ; the upper 
surface of the support being nearly equal in diameter to that of the mould. Two 
workmen are required to execute tho following operation. Each steadies the mould 
with the one hand, and raises tho box with the other, taking care not to lot the mould 
be deranged, which they rest on tho (convex) support of the second box. Before in- 
verting the first apparatus, how'over, the reception-bag must bo removed, for fear of 
spilling the mercury. TJie redundant quicksilver now drains off ; and, if tho weight 
of the sand-bag is not thought sufficient, supplementary weights are added at pleasure. 
Tho whole is left in this position for two or three days. Before separating the mirror 
from its mould tho border of tin-foil, fixed to it with wax, must be pared off with a 
^ife. Then the weight and sand-bag being removed, the glass is lifted up with its 
interior coating of tin-amalgam. 

For Silvering a Convex Surface . — A concave plaster mould is made on the convex 
ghiss, and their points of coincidence are defined by marks. The mould is to be lined 
with tin-foil, with tlie precautions above described ; and, tho tin surface being first 
brightened with a little mercury, tho mould is then filled with the liquid metal. The 
glass is to be w'ell cleaned, and immersed in the quicksilver-bath, which will expel the 
greater part of the metal. A sand-bag is now to bo laid on the glass, and the whole 
is to be inverted, as in the. former case, on a support; wfren weights are to be applied 
to the mould, and tho mercury is left to drain off for several days. 

If the glass he of large dimensions, 30 or 40 inches for example, another method 
is adopted. A circular frame, or hollow ring of wood or iron, is prepared, of twice 
the diameter of the mirror, supported on three feet. A circular piece of new linen 
cloth of close texture is cut out, of equal diameter to the ring, which is hemmed 
stoutly at tho border, and furnished round the edge with a row of small holes, for 
lacing the cloth to the ring, so as to leave no folds in it, but without bxaciDg it so 
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tigktlj as to deprivs it of the elasticity necessary for making it into a mould. This 
apparatus, being set horisontally, a leaf of tin-foil is spread over it, of sufficient size 
to cover the surface of the glass ; the tin is brightened with mercury, and then as 
much of the liquid metal is poured on as a plane mirror requires. The convex glass, 
well cleaned, is now set down on the cloth, and its own weight, joined to some 
additional weights, gradually presses down the clotlj. and causes it to assume the 
form of the glass, which thus comes into close contact with the tin submersed under 
the qtiicksilver. The redundant quicksilver is afterwards drained off by inversion, as 
in common cases. 

The following recipe has been given for silvering the inside of glass globes : — Melt 
in an iron ladle or a crucible equal parts of tin and lead, adding to the fused alloy 
one part of bruised bismuth. Stir the mixture well, and pour into it as it cools two 
parts of dry mercury ; agitating anew, and skimming off the drossy film from the 
surface of the amalgam. The inside of the glass globe being freed from all adlicring 
dust and humidity, is to be gently heated, while a little of tlie semi-fluid amalgam is 
introduced. The liquidity being increased by the slight degree of heat, the metallic 
coating is applied to all the points of the glass, by turning round the globe in every 
direction, but so slowly as to favour the adhesion of the alloy. The silvering is not 
so substantial as that of plane mirrors ; but the form of the vessel, wliether a globe, 
an ovoid, or a cylinder, conceals or palliates the defects by counter-reflection from the 
opposite surfaces. 

Several processes have been introduced, and some of them patented, for precipi- 
tating silver on glass. These have not all been entirely successful, but the pheno- 
mena involved are of such an interesting character, that this article would be incom- 
plete without some notice of them. 

Mr. Drayton patented a process of the following character : — A solution of nitrate 
of silver, rendered neutral by the addition of a little ammonia, was floated over a plate 
of glass ; or a vessel intended to be silvered was filled with this fluid ; some spirits of 
wine was mixed with it, and then a small quantity of the oils of cloves and cassia 
added. By a complicated action, partly physical and partly chemical, mehillic silver 
was separated from the salt in solution, and precipitated over tlio entire surface of the 
glass. The metallic film being of sufficient thickness, tlio solution was poured off, the 
coating well washed, dried, and protected from abrasion by a thick varnish or paint 
laid on the back. The defect in mirrors thus prepared was that small specks appeared 
in the silver, which became little centres of chemical action ; Ukj silver tarnishing, 
and circular spots extending from these j>oints ; so that the mirror, cither for use or 
ornament, was ruined. The cause of this may be traced to the compound eharjicter 
of the solutions employed. Nitrate of silver, ammonia, spirits of wine, and essential 
oils, with water, form a very media nical mixture, and as the silver fell, it no doubt 
entangled some of the organic matter, and this, however small, became the staiting- 
point of those stains which eventually destroyed the mirror. Dr. iStenhouse showed 
that a large number of bodies possess the singular power of precipitating silver from 
its solution; amongst others, the following: gum-arabic, starch, salicine, gum-guaia- 
cuni, saccharic acid, aldehyde, oils of pimento, turpentine, or laurel, and especially 

hL. Hale Thomson ^tented a silvering process which involved the use of grape- 
sugar. A certain, portion of grape-sugar is put into a solution of nitrate of silver, 
rendered as neutral as possible, and a little heat is applied. By this means a t>enu- 
tiful film of very pure silver is spread over the glass. By a process analogous to this 
Foucault propos^ to silver reflectors for lighthouses, and for telescopes. A process 
has also been patented involving the use of tarttiric acid as the preeipiUiting agent. 

A method of coating glass with platinum^ instead of silver, has been introduced in 
France, and carried out to some extent by Cresswell and TavcTiiier. A solution of 
bidiloride of platinum is spread with a fine brush over the surface of the glass, and 
the metal is precipitated by means of oil of lavender. 
mmOXUi is arsenical pyrites. See Arsenic ; Fitbitks. 

VITV&mV CniUUr- This colour has been made in France in limited 
quantities, for many years past, under the name of emerald green {vert dUhwraude), 
by lOL Fannetier ana Binet, who kept their process sccrcjt. The great beauty of 
the ptodnet induced many to attempt its imitation. But its nature remained un- 
discovered ; partly, no dbubt, because the colour was observed to darken, ami to emit 
steam when heated ; circumstances which gave rise to an impression that it contained 
organic matter. When, at length, M. Guignet discovered the nature of the article, 
and the method of its production, he immediately patented his discovery, and, thus 
protected, was emboldened to enter upon its manufacture on a great scale, producing 
Hms wba^ the seerot had produced only pounds. 

. cf is conducted in the following manner 
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A mixturo of bichromate of potash and boracic acid, in the proportion of eight equiva- 
lents of crystallised boracic acid to one equivalent of the bichromate, or three parts crys- 
tiillised boracic acid to ono part of the bichromate, is calcined at a red heat. Oxygen 
and water are evolved, and a mass is obtained, which maybe regarded as a double salt 
consisting of potassio-chromic borate. This is treated with water, which dissolves out 
boracic acid and borate of potash, leaving an insoluble cliromic hydrate, which, when 
dried at a gentle heat and finely pulverised, constitutes the product in question. 

The boracic acid is, of course, recovered from the wash of waters by the ordinary 
moans for use in succeeding operations. 

The mode of printing with this powder is similar to that adopted in printing with 
the ultramarines, albumen being generally employed as the fixing agent. Its use 
was at the outset attended with considerable practical difficulty, whicli, however, 
M. Kostner is stated to have now in a great measure overcome. The precise che- 
mical constitution of this pigment is not yet fully elucidated, especially as to the 
question whether or not it retains any portion of boracic acid. On this subject, M. 
Guignet,, after having described the process of its manufacture, observes that his 
product, like tho h^^dratod binoxidcs of chromium, is converted by heat, first into tho 
black binoxide, and subsequently (at a red heat) into the anhydrous cesquioxide. The 
loss of water during this translornuition appears, from tlie moan of three analyses, to 
ho 18 o per cent. ; corresponding to the formula, Cr-O’. 2iIO (Cr^O*. 2H‘'*0), for tho 
hydrate. This would show a proportion of waterless than that of tho ordinary hydrate, 
of which it nevertheless presents the general character. On the other hand, M. Guignet 
conceives that it may |)OS6ibly retain traces of boracic acid, the presence of which, 
however, ho has found difficult to prove. Boracic acid, acting at a rod heat upon 
bichromate of potash, may, he remarks, produce simultaneously chromic and potassic 
borate, or oven a double compound of tho two. Theoretically, this would yield to water 
soluble potnssic borate, leaving behind only tho insoluble hydrated oxide ; but, in 
practice, a comj^cte exhaustion of tho mixed mass is hardly probable. 

M. Salvctit, who has studied the vert de G-idgnet^ assumes the formation to be a 
double compound of potassic bora te and chromic borate. 

Finding that tho precise composition of this compound was thus, in fact, unknown, 
and that no complete analysis of it w'as extant, Dr. Hofmann was led to request Mr. 
Shipton, a young chemist working in his laboratory, to analyse the specimen exhibited 
in 1862 by M. Kestner, and phiced by that gentleman at Dr. Hofmann’s disposal. 

The presence of boracic acid in this specimen was at once unmistakably indicated 
by the appearance of tho characteristic green-edged fiame, when a portion of it was 
exposed on a picco of platinum-foil, to tho action of a strong red heat. 

Dried at 100° Cent, tho substance lost a small percentage of water (from 7'43 to 
7'46 per cent.), wliich loss was increased by ignition. As, however, tho determination 
of water by ignition would, in this case, have been attended with uncertainty, seeing 
that the partial transformation of tho se.squioxide into tho binoxide of chrominm 
would have caused the percentage of water expelled to appear less than it really is, 
Mr. Shipton determined tho water directly by strongly heating a portion, dried at 
100° Cent, in a current of air, and collecting, in a chloride of calcium tube, tho water 
thus evolved. Tho chromium was converted by fusion into chromic acid, and tho 
latter determined in tho form of chromate of load. The boracic acid, lastly, was esti- 
mated by difference as loss. 

Mr. Shipton arrived in this manner at tho following percenUigcs : — 


Composition of Vert de Giiignet after having' hcen dried' at 100° Cent. 

I. II. Mean. 


Oxide of chromium 
Boracic acid 
Water 


76-39 76-56 76-47 

11-89 12-30 12-10 

11-72 11-14 11-43 


10000 100-00 100-00 

MOCBA BTOWZ. See Agate. . . i. • • . 

MEOKAXIR is the hair of a goat which inhabits the mountains in the vicimty of 
Angora, in Asia Minor. ^ 

We are indebted for this account of mohair to the ‘ History of the Worsted Manu* 
facture of England,’ by James. 

Very much akin to, and in Yorkshire rising into importance about tlie same time 
as that of al j^ca, the mohair manufacture demands attention. 

The goat is among the earliest animals domesticated by man, and undoubtedly, 
from tho very earliest ages, the fabrication of stuffs from its hair was practised by the 
iiatious of antiquity. Throughout the middle ages the art of making beautiful stulfif 
from tho coyoriug of tho goat prevailed. 
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After the Angora goats have completed their first year, they are clipped annually, 
Sn April and jSlay, and yield progressively from 1 lb. to about 4 lbs. weight of 
hair. That of the female is considered better than the male’s, but both are mi^d 
^ether for the market,, with the exception of the two-year-old shc-goat's fleece, which 
is kept with the picked hair of othm- white goats (of which, perhaps, 6 lbs. may be 
chosen out of l,0(K)h for the native manufacture of the most delic^ite articles ; none 
being ever exported m any unwrought state. Common hair is sold in the Angora bazaar 
for 9 piastres, or about la. %ld. the oke (that is, lbs.), whilst tlio finest picked 
wool of the same growth fetched 14 piastres the oke. Wlicn the fleeces are shorn, 
the women separate the clean hair from the dirty, and the latter only is washed, 
after which the whole is mixed together, and sent to the market. That which is not 
exported raw is bought by the women Of the labouring families, who, after pulling 
portions loose with their fingers, pass them successively through a large and fine 
toothed comb, and spin it into skeins of yarn, of which six qualities are made. An 
oke of Nos. 1 and 3 fetched in the Angora bazaar from 24 to 25 piastres, and the like 
weight of Nos. 3 to 6 from 38 to 40 piastres. Threfids of the first three Nos. had 
been usually sent to France, Holland, and Germany ; those of the last tliree qualities 
to England. The women of Angora moisten the h.'iir with much spittle before they 
draw it from the distaflf, and they assert that the quality of the thread greatly depends 
upon this operation. 

Formerly there was a prohibition against the export from Turkey of the Angora 
hair except when wrought, or in the form of homespun yarn ; but about the time of 
the Greek revolution, this prohibition -was removed, lip to that period, however, 
there had been little demand for the raw material in Europe, so that it sold in the 
year 1820 at only lO^f. per pound in England. The reason of the raw material not 
being in request arose from tlie belief that, owing to tlie peculiarity of the fibre, it 
could not be spun by machineiy. It soon, however, became apparent that mohair 
could be thus spun in England, and tiijs was to bo more desired, because the Angora 
spun-yam had so many imperfections, from being thick and uneven, as to detract 
greatly from its value. This object, however, has been obtained, mainly by the per- 
severance of Mr. Southey, the eminent London wool-broker. Since then the use of 
the Angora wool has much extended, whilst the imix)rtation has much decreased, the 
English spun-yarn being preferred. 

The demand for Angora hand-spun yarn has almost ceased, and its value in Turkey 
has fallen to one-half. Mohair is transmitted to England chiefly from the ports of 
Smyrna and Constantinople. In colour it is the whitest known in the trade, and 
is, (msequently, peculiarly adapted for the fabrication of a certain class of goods. 
Besides Angora, quantities of an inferior sort of mohair arc received from other parts 
of Asiatic Turkey ; a very fine description of goat’s hair is also sent from that country. 

In England mohair is mostly spun, and to some extent manufactured, at Bradford, 
and also, in a less degree, spun at Norwich. Scotland is also engaged in working up 
mohair-yam. At first great difficulty occurred in sorting and preparing the mattn-ial 
for spinning, but by patient experiment this has been effectually surmounted, and a 
fine and even thread produced, fitted for the most delicate webs. 

The price of Angora goat’s hair has, since its importation into this country, fluctuated 
vem much, partly from the variations in demand, and partly owing to the supply. 

The Importation of goat’s hair or wool — which will include mohair — in 1873 was 
as follows : — 

lbs. Vuliic 

FromTnrkev 6,006,016 £752,621 

British Possessions in South Africa . 348,266 23,850 

„ Other countries . • • . 133,900 12,535 

Total . . • 6,488,182 £789,006 

Numerous articles are manufactured from mohair. For instance, many kinds of 
camblets, which, when watered, exhibit a beauty and brilliancy of surface unap- 
proadiod fabrics made from English wools. It is also maniifactured into plush, 
as well as mr coach and decorative laces, and also extensively for buttons, braidings, 
and other trimmings fbr gentlemen’s coats. Besides, it is made up into a light and 
Isshionable rioth, snitable for paletots and such-like coats, combining elegance of 
texture with the advantag^es of repelling wet. A few years since, mohair striped and 
chedked textures, iat lames’ dresses, possessing unrivalled glossiness of appearance. 
Were in request; but of late these have been superseded by alpaca. For many years 
the export of Engliab mohair-yam has been considerable to France. 

trade is eigoyed by Bradford and Norwich, but chiefly by the former place, 
vam is mannfadured in France into a kind of lace, which, in a grocat measure, 
fiW t^, ^oatly fabrics of Yalonciennos and Chantilly. The Angora 
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goat’s-hair laco is ns brilliant as that made from silk, and costing only about 
1«. 2d, the piece, has come into very general wear among the middle classes. 
Mohair is also manufactured into fine shawls, selling from 4/. to 16/. each. Also 
large quantities of what is termed Utrecht velvet, suitable for hangings and fur- 
niture-linings for carriages, are made from it abroad. Recently, this kind of velvet 
has begun to be manufactured at Coventry, and it is fully anticipated that the 
English -made article will successfully compete with the foreign one in every essen- 
tial quality. 

MOZ&S is the name given to the beat watered silks. These silks are made in the 
same way as ordinary silks, but always much stouter, sometimes weighing, for equal 
surface, several times heavier than the best ordinary silks. They are always made 
of double width, and this is indispensable in obtaining the bold waterings, for these 
depend not only on the quality of the silk, but greatly on the way in which they are 
folded when subjected to the enormous pressure in watering. They should bo 
folded in such a manner, that the air which is contained between the folds of it 
should not be able to escape easily ; then when tho pressure is applied the air, iii try- 
ing to effect its escape, drives before it tho little moisture which is used, and benco 
causes the watering. Caro must also be fciken so to fold it that every thread may l^o 
perfectly parallel, for if they ride one across tho other, the watering will bo spoiled. 
The pressure used is from 60 to 100 tons. 

MOZRSXS METAlf&ZQUSv called in this country crystallised tin-plate, is a 
variegated primrose appearance, produced upon tho surfiico of tin-plate, by applying to 
it in a heated state some dilute nitro-muriatic acid for a few seconds, then washing it 
with water, drying, and coating it with lacquer. The figures are more or less boaii- 
tifiil and diversified, according to the degree of heat, and relative dilution of the acid. 
This mode of ornamenting tin-plate is much loss in vogue now than it w'as a few 
years ago. 

MOEASSa is a sandstone belonging to the miocenc strata, employed under that 
name by the Swiss for building. 

MOXiASSES is the brown viscid uncrystallisablo liquor which drains from cane- 
sugar in the colonies. It is employed for the preparation of spirits of wine. See 
Sugar, 

MOZiTBnaanriMC {Molyhdcne^ Er. ; Molyhd'dn^ Gor.) is a rare metal which 
occurs in nature sometimes as a sulphide, sometimes as molybdic acid, and at others 
as molybdate of lead. Its reduction from the acid state by charcoal requires a very 
high heat, and aflTords not very satisfactory results. When reduced bypassing hydro- 
gen over the ignited acid, it appears as an ash-grey powder, susceptible of acquiring 
metallic lustre by being rubbed Mutli a steel burnisher ; when reduced and fused with 
charcoal, it possesses a silver-whito colour, is very brilliant, hard, brittle, of specific 
gravity 8*6 ; it melts in a powerful air-furnace, oxidises with heat and air, burns at an 
intense heat into molybdic acid, dissolves in neither dilute sulphuric, muriatic, nor 
fluoric acids, but in tho concentrated sulphuric and nitric. 

The protoxide consists of 85'69 of metal and 14'31 of oxygen; the binoxido con- 
sists of 75 of metal and 25 of oxygen ; and the peroxide, or molybdic acid, of 66*6 
of metal and 33*4 of oxygen. This metal is too rare at present to be used in any 
mamifaeturo. 

MOXiTBDSinrM BXiUS. One of the preparations from the bisulphide of 
molybdenum. 

nsOMZB or XttUMBZT. A colour prepared from asphalte. It was supposed that 
the asphalte taken from the Egyptian mummies made the finest colour. 

MOOMTSTOXf B, a transparent or translucent variety of felspar. It contains bluish- 
white Bj^ts, which, when held to the light, jiresent a pearly or silvery play of colour, 
not unlike that of the moon. Tho moonstone is held in some estimation as an 
ornamental stone, but, in common with the other varieties of felspar, it is so soft tliat 
few lapidaries know how to work it to the greatest advantage. — H. W. B. 

MOBDAZSTT, in dyeing and calico-printing, denotes a l)ody which, having a twofold 
attraction for organic fibres and colouring particles, serves as a bond of union between 
them, and thus gives fixity to certain colouring substances, constituting them dyes. In 
order properly to appreciate the utility and the true functions of mordants, we must bear 
in mind that many colouring matters, even those fonning dark-coloured solutions, 
have no affinity for the fibre to be dyed. When tho goods are passed through such 
a coloured solution, they become stained only to the extent in which they retain the 
solution, and if they are afterwards put into water, the colour, being soluble, is all 
washed out. Suppose tho coloured solution to be a decoction of logM'ood, and that the 
stuflF is passed into it. It may be slightly coloured ; but on being washed with water, 
all the colour is removed. But if, previous to being put through the logwood solu- 
tion, the stuff be passed through a solution of protochioride of tin, a portion of the 
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tan tl retained ty it, in virtue of an influence (a condition of capillarity) between the 
fibre and the salt. There will now be formed a beautiful wine-coloured compound, 
between the logwood and the tin upon the goods, when they are placed in the logwood- 
bath, which washing with water will not remove, the compound being insoluble. The 
tin in this case constitutes the mordant. It is not always essential that the mordant be 
put upon the fibre previous to being put into the coloured solution ; they may be mixed 
together, andtlie goods placed in the mixture, when much of the coloured compound 
will combine with or adhere to the fibre ; but, in general, this mode of applying the 
mordant is not so eflective. If, as is usually said, the mordant enters into a real 
chemical union with the stuff to be dyed, the application of the mordant should 
obviously be made in such circumstances as are known to be most favourable to the 
combination taking place ; and this is the principle of every day’s practice in the dye- 
honse. 

Mordants are in general found among the metallic bases or oxides ; whence they 
might be supposed to be very numerous, like the metals ; but as they must unite the 
twofold condition of possessing a strong affinitj" for both the colouring-matter and the 
organic fibre, and as the insoluble bases are almost the only ones fit to form insoluble 
combinations, we may thus perceive that their number may be very limited. It is well 
known, that although lime and magnesia, for example, have a considerable affinity for 
colouring particles, and form insoluble compounds with them, yet they cannot be em- 
ployed as mordants, because they possess no affinity for the textile filires. 

It will be observed from the above remai'ks, that the mordant serves a higher pur- 
pose than the mere bond of union between the colour and fibre ; that it, in fact, consti- 
tutes a principal element in the colour. Tho colour forming tho dye, in the case 
with the logwood and tin, is not that of haematoxyJin, the colouring-matter of logw'ood ; 
but of the compound formed between it and tin, and thus logw^ood, by different 
mordant bases, gives a variety of colours, from a grey to a black, and from a liglit 
lavender to a deep purple, &c. When an organic colouring-matter is imparted to any 
’ fibre without the intervention of a mordant, it can only produce one tint, which cannot 
be varied except in being light and dark. 

Experience proved, that of all the bases, those which succeed best as mordants 
are alumina, tin, and oxide of iron. 

Blne-Udjck dye. — ^The mordant much employed in some parts of Glermany for this 
dye, with logwood, galls, sumach, &c., is Iron-alum, so called on account of its having 
the crystalline form of alum, tliough it contains no alumina. It is prepared by dis- 
solving 78 pounds of red oxide of iron in 117 pounds of sulphuric acid, diluting this 
compound with water, adding to the mixture 87 pounds of sulphate of potash, evapo- 
rating the solution to tlie crystxallising point. I’liis potassa-sulpliate of iron lias a fine 
amethyst colour when recently prepared; and though it gets coated in tlie air with a 
yellowish crust, it is none tlio worse on this account. As a mordant, a solution of this 
salt, in from 6 to 60 parts of water, serves to communicate and fix a groat variety of 
uniform ground colours, from light grey to brown, blue, or jet black, with quercitron, 
galls, logwood, sumach, &c., sepirato or combined. The above solution may be use- 
fully modified by adding to every 10 pounds of the iron-alum, dissolved in 8 gallons 
(80 pounds) of warm winter, 10 pounds of acetate (sugar) of lead, and leaving the 
mixture, after careful stirring, to settle. Sulphate of load falls, and the oxide of iron 
remains combined with tho acetic acid and the potash. After passing through the 
above mordant, the cotton goods sliould bo quickly dried. 

Colours of the above class are, however, mostly insoluble in water, and have to bo dis- 
solved or extracted by an alkaline solvent : and in this state have no affinity either for 
the fibre or a mordant Safflower is an instance of this kind ; tho red colouring-matter 
of -this vegetable is extracted by a weak alkaline lye, into which tlie goods to be dyed 
are afterwards put ; and the alkali being neutralised by an acid, the colouring-matter 
is tlrns rendered insoluble in the liquor, in a state of minute division, and is gradually 
absorbed by the fibre, which becomes dyed of a red colour in depth according to the 
quantity of colour abmbed. 

Indi^ is another dye of this sort requiring an alkaline solvent, and not dyed with 
mordants. (See Dteiko.) 

The following remarks will illustrate some of tho necessary requirements of a mor- 
dant, which should be attended to by the dyer, in their application. 

In Older that a combination may result between two bodies, they must not only be 
in contact, but tbe^ must be reduced to their ultimate molecules. The mordants thnt 
are to be united with stuffs are, as we have seen, insoluble of themselves, for which 
reason their particles must be dmdod by solution in an appropriate vehicle. Now 
tins solvent or menstruum will exert in its own favour an affinity for the mordant, 
vdOdi frill prove, to that extent, an obstacle to its attraction for the stuff. Hence we 
fllMt idoct jmeh •drents as have a weaker affinity for tlie mordants than the m(»:(kuU 
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have for the stuffH. Of all the acids which can bo employed to dissolve alumina, for 
example, vinegar is the one which will retain it with least energy, for which reason 
the acetate of alumina is now generally substituted for alum, because the acetic acid 
gives up the alumina with such readiness that mere elevation of temperature is suffi- 
cient to effect the separation of those two substances. Before this substitution of the 
acetate, alum alone was employed ; but without knowing the true reason, all the 
French dyers preferred the alum of Home, simply regarding it to be purest ; and it is 
not many years since they have understood the real grounds of this preference. This 
alum has not, in fact, the same composition as the alums .of France, England, and 
Germany, but it consists chiefly of cubic alum having a larger proportion of base. 
Now this extra portion of base is held by the sulphuric acid more feebly than the 
rest, and hence it is more readily detached in the form of a mordant. Nay, when a 
solution of cubic alum is heated, this redundant alumina falls down in the shite of 
a subsulphate, long before it reaches the lx)iling point This diflerenco had not, how'- 
fcver, been recognised, because Eoman alum, being usually soiled with ochre on the 
surface, gives a turbid solution, whereby the precipitite of siibsulphato of alumina 
escaped observation. When the liquid was filtered, and crystallised afresh, common 
octahedral alum alone was obtained ; whence it was most erroneously concluded, that 
the preference given to Roman alum was unjustifiable, and that its only superiority 
was in being freer from iron. See Alum. 

Here a remarkable anecdote illustrates the necessity of extreme caution, before we 
venture to condemn from theory a practice found to be useful in the arts, or set about 
changing it. Wlien the French were mristcrs in Rome, one of their ablest chemists 
was sent thither to inspect the different manufactures, and to place them upon a level 
with the state of chemical knowledge. One of the fabrics, which secmcfl to him 
furthest behindhand, was precisely that of alum, and he was particularly hostile to the 
construction of the furnaces, in 'which vast bojlers received heat merely at their 
bottoms, and could not be made to boil. ITo strenuously advised them to l )0 
modelled upon a plan of his own ; but, notwithstanding his advice, which was no 
doubt very scientific, tlio old routine kept its ground, supported by utility and reputa- 
tion, and very fortunately, too, for the manufacture ; for had the higher heat been 
given to the boilers, no more genuine cubical alum would have been made, 'since it is 
decomposed at a temperature of about 120® F., and common octahedral alum would 
alone have been produced. The addition of a little alkali to common alum brings it 
into the same basic state as the alum of Rome. 

The two principal conditions, namely, extreme tenuity of particles, and liberty of 
action, being found in a mordant, its operation is certiiin. But as the combination to 
be effected is merely the result of a phiy of affinity betw'een the solvent and the stuff 
to ho dyed, a sort of partition must take place, proportioned to the mass of tlie solvent, 
as well as to its attractive force. Ilence the stuff will retain more of the mordant 
when its solution is more concentrated, that is, w'l)en the base diffused through it is 
ncjt so much protected by a largo mass of menstruum ; a fact applied to very valuable 
uses by the practical man. On impregnating in calico-printing, for example, different 
spots of the same web with the same mordant in different degrees of concentration, 
there is obtained in the dye-bath a depth of colour upon these spots intense in propor- 
tion to the strength of their various mordants. Thus, with the solution of acotjite of 
alumina in different grades of density, and 'with madder, every shade can be producefl, 
from the fullest red to the lighest pink ; and, with acetate of iron and madder, every 
shade from black to pale violet. 

We hereby perceive that recourse must indispensably be had to mordants at different 
stages of concentration: a circumstance readily realised by varying the proportions of 
the watery vehicle. (See Calico-Fkinting and Maddeh.) When those mordants are 
to be topically applied to produce partial dyes upon cloth, they must be thickened with 
starch or gum, to prevent their spreading, and to permit a sufficient body of them to 
become attached to the stuff. Starch answers best for the more neutral mordants, and 
gum for the acidulous ; but so much of them should never be used as to impede the 
attraction of the mordant for the cloth. Nor should the thickened mordants be of tew 
desiccative a nature, lest they become hard, and imprison the chemical agent before it 
has had an opportunity of combining with the cloth, during the slow evaporation of 
its water and acid. Hence the mordanted goods, in such a wise, should be hung up to 
dry in a gradual manner, and when oxygen is necessary to the fixation of the bkso, 
they should be largely exposed to the atmosphere. The foreman of the factory ought, 
therefore, to be thoroughly conversant with all the minutiae of chemical reaction. In 
cold and damp weather ho must raise the temperature of his diving-house, in order to 
command a more decided evaporation ; and when the atmosphere is unusually diy and 
warm, he should add deliquescent correctives to his thickening. But, supposing the 
- application of the mordant and its desiccation to have been properly managed, the. 
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operation l« bj no means complete ; nay, what remains to be done is not the least 
important to success, nor tlie least delicate of execution. Let us boar in mind that 
tile mordant Is intended to combine not only with the organic fibre, but afterwards 
also with the oolonring-matter, and that, consequently, it must be laid entirely bare, 
or scraped dean, so to speak, that is, completely disengaged from all foreign sub- 
stanees which might invest it, and obstruct its intimate contact with the colouring- 
mattera. This is the principle and the object of two operations, to which the names 
of dungimg and clearing have been given. See Calico-Pbinting. 

If the mordant applied to the surface of the cloth were completely decomposed, and 
whole of its base brought into chemical union with it, r mere rinsine or scouring 
in wat^ would suffice for removing the viscid substances added to it but this never 
happens, whatsoever precautions may be taken ; one portion of the mordant remains 
untouched, and besides, one part of the base of the portion decomposed does not enter 
into combination with the stuff, but continues loose and superfluous. All these pur- 
tides, therefore, must be removed without causing any injury to the dyes. If in this 
predicament the stuff were merely immersed in water, the free portion of the mordant 
would dissolve, and would combine indiscriminately 'with all the parts of the cloth not 
mordanted, and which should bo carefully protected from such combination, as well as 
the action of the dye. We must therefore add to the scouring-water some substance 
that is capable of seizing the mordant as soon as it is separated from the cloth, and of 
forming wdt-h it an insoluble compound ; by which means wo shall withdr.aw it from 
the sphere of action, and prevent its affecting the rest of the stuff, or interfering "witli 
the other dyes. This result is obtained by the addition of cow-dung to tlie scouring- 
bath; a substance which contains a sufficiently large proportion of soluble animal 
matters, and of colouring particles, for absorbing the aluminous and ferruginous salts. 
The heat given to the dung-bath accelerates Uiis combination, and determines an in- 
soluble and perfectly inert coagiilum. 

Thus the dung-bath produces at once the solution of the thickening paste ; a more 
intimate union between the alumina or iron and the stuff, in proportion to its eleva- 
tion of temperature, which promotes that union ; an effectual subtraction of the unde- 
composed and superfluous part of the mordant, and perhaps a commencement of 
mechanical separation of the particles of alumina, which are merely dispersed among 
the fibres ; a separation, however, which can be completed only by the proper scour- 
ing, which is done by the dash-wheel with such agitation and pressure (see Bleaching) 
as vastly facilitate the expulsion of foreign particles. 

Before concluding this article, wo may sa}' a word or two about astringents, and 
especially gall-nuts, which have been ranked by some writers among mordants. It is 
rather difficult to account for the part which tliey play. Of course we do not nlludo 
to their operation in the black dye, where they give the well-known purple-black 
colour with salts of iron ; but to the circumstance of their employment for a variety 
of dyes, and also of dye-drugs, as sapan and Brazil-wood, madder, and logwood, and 
especially in the dye Adrianoplo or Turkey red. All that seems to be clearly estab- 
liiued is, that the astringent principle or tannin, whose peculiar nature in this 
respect is unknown, combines like mordants with the stuffs, and fixes a greater 
quantity of the base upon it, and thus adds depth to the colour, as well as certain 
peculiarities of tint; but as this tannin has itself a brown tint, it will not suit 
for white grounds, though it answers quite well for pink grounds. When white 
spots are desired upon a cloth prepared with oil and galls, they are produced by an 
oxygenous discharge, effected either through chlorine or chromic acid. See Caltco- 
PjUMTiKO, and the various Mobdants there particularised under their respective 
h6ads.-J.N. 

MBOMMDT* A stout woollen stuff, which is chiefly employed for curtains. 

iiomnrBA oirmirouA. This was first imported into Glasgow, from 
India, some years ago. It occurs in pieces of from 2 to 8 centimeters in length, and 
from ^ to 10 millimeters thick. Externally it is brown, internally yellow : the pig- 
ment, or ecdonring-mstter, is exclusively concentrated in the bark ; its colour is 
orange-yellow, and it has been named nwrindin. 

The morindin is extracted from the root by exhausting with boiling alcohol ; on 
cooling, the colonring-matter is deposited as an impure flocculont material, mixed 
with a red substance. This crude material is purified by repeated re-crystallisation, 
first frmn alcohol at 50 per cent,, and finally from stronger alcohol acidulaUd with 
l^ydrochloric add. Thus obtained, the substance forms satin-like, needle-shaped, 
ydlw cryiUds. Mmrindin is sparingljr soluble in cold water, more readily in boiling, 
Wt is deposited, on cooling, as a ^latinous mass. It is sparingly soluble in alcohol 
SdfeMi cold, but readily when boiling, and best in a weaker spirit ; it is insoluble in 
illier. The aqueous solutions are coloured orange by alkalis ; lime- and baryta-water 
Jod pcedpitatfls ; vlule acetato of lead forms a crimson precipitate ; a mixture of 
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a few drops of ammonia added to perchloride of iron, causes a “brown precipitate in 
tho aqueous solution; while ammoniated alum yields a reddish-yellow precipitate. 
Morindiu dissolves in concentrated sulphuric acid with a deep purple-red colour; 
the solution, after havini^ been kept for 24 hours, yields, on addition of water, a 
yellow preeipitato, insolulWo in water, which re-dissolves in ammonia with a violet 
colouration. 

If submitted to the action of heat, morindin first fuses, and then enters into ebulli- 
tion, emitting beautiful orange-vapours, which condense to beautiful red needle-shaped 
crystals, iusmublo in water, Bht soluble in alkaline liquids, with a violet colour. This 
substance, which Dr. Anderson calls morindin, seems to bo tho same as that formed 
under tho influence of sulphuric acid. The ammoniacal solution of morindin yields, 
with alum, a rod lake, and gives, ujion the addition of baryta-water, a blue precipi- 
tate. Morindin is dissolved by cold nitric acid, and decomposed by that liquid at 
boiling tomporatiire. See Aal. 

MORZXrS. This is the name given by Gcrhardt to the principal colouring-matter 
of the Morus tinctoria or old fustic^ a largo tree which grows in many parts of the 
West Indies, and on the American Continent. It is used principally for dyeing 
woollens or silks, seldom or ever as a solitary colour, but as a ground- work for other 
colours, as in the dyeing of wools and silks black, in which process it greatly improves 
the black. It is used with indigo to form a green, and with salts of iron to yield an 
olive hue. The colouring-matter was first separated by Chovroul. It is extracted 
from the wood by boiling water, which, on cooling, when concentrated, deposits it as 
yellow crystalline powder, wliich must be purified by several crysbillisations. It hiis 
the composition It possesses a sweetish and astringent tiisto ; 

one part dissolves in 6*4 parts of cold water, and in 2‘14 parts of boiling water. The 
solution is slightly acid, and precipitates salts of iron of a. dark green colour; with 
salts of load and protochlorido of tin, it forms deep yellow precipitates. It is not 
precipitated by alum until after tho addition of carbonate of potiish, wdion a yellow 
lake is formed. 

Concentrated sulphuric acid dissolves it in tho cold, forming a yellow solution, from 
which it is again precipitated by diluting with water. It is readily soluble in alcohol 
and ether ; insoluble in spirits of turpentine and the fatty oils. Alkalis deepen tho 
colour of its solutions. See Fustic. 

MORXXrCrA. Tho seeds of tho Moringa pterygosperma have been used for tho 
oil they contain. These liavo been examined and reported on by Mr. Dugald 
Campbell, wlio says of the oil they yield : — ‘ This oil is the very opposite to a dry 
oil, being extremely rich in fatty .substances, and is of specific gravity 915’60 at 
00*^ Falir,, waiter taken as TOGO. When it is kept cooled for a short time to 44® 
it becomes opaque, from crystals of the fatty substances forming throughout it, 
and it is now very viscid and thick. In this state it may bo heated up to Co® 
before it assumes its original brightness. It is nearly tasteless, and. almost with- 
out odour.’ This oil is called Oil of lien, and is much used by watchmakers. See 
Ben Oil. 

MOROCCO. See Leather. 

MORPHZIsrE. Morphi.a. {MorphinCy'Fv. \ MorplimyGer.) C®^H**NO® + 2 aq. 
(C'^H^'-'N’O* . H‘0). An organic base, contained (amongst others) in opium. As it 
is tho substance upon wdiich tho sedativo pro];)erties of opium depend, great atten- 
tion has boon paid to its extraction. Numerous processes have been devised for the 
purpose ; but perhaps that of Gregory is, in facility and economy, as good as any. 
The aqueous infusion is precipitated by chloride of calcium to remove tlie meconic 
and sulphuric acids present. Tho filtered fluid is evaporated until tho hydrochlo- 
rate of morphine crystallises out, so as to form a nearly solid mass, which is then 
strongly pressed : the liquid exuding contains the colouring-matters and several 
alkaloids. Tlie pressed mass is crystallised and squeezed repeatedly, and, if neces- 
sary, bleached with animal charcoal. The hydrochlorate, which contains .a little 
codeine, is to bo dissolved in water, and precipitated by ammonia ; pure morphia 
precipitates, and the codeine remains in solution. Tho salts of morphia most em- 
ployed in medicine are tho liydrochlorate, the acetate, and tho sulphate. A solu- 
tion of five grains of morphia in one ounce of water is about the^ same strength as 
laudanum. Apomorphia is a remarkable base, obtained by Matthiessen and Wright 
by beatjng morphia for several hours in a closed tube with excess of hydrocblorie 
acid. It may also be prepared, l)y a similar method, from codeine. Apomorphia 
difikrs fniin morphia in containing II'O® (H^O) less ; its formula is therefore 
(C»*K‘‘RO*). 

MORTAR. A mixture of lime with water and sand. The sand used in 
making mortar should be shaip — that is angular, not round — ^and clean — that is, 
free from all earthy matter, or other than siliceous particles. Hence road-wrap- 
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M being a mixture of sand and mud, and fit-sand gonorally, as 

a p eoa^l^ ever mtbout a portion of clay, should be washed before they are 
; vtueh in eeldom neceseary with river-sand^ this being cleaned by the flowing 

. have aseertained by repeated experiments th.at 1 cubic foot of well-burned 
chalk4ime fresh from the kiln, weighing 35 lbs., when well mixed with 3^ cubic 
feet <if good river-sand, and about cubic foot of water, produced above 3^ cubic 
feet of as good mortar as this kind of lime is capable of forming. A smaller propor- 
tion of land, such as two parts to one of lime, is, however, often used, which the 
woikmen generally prefer ; both because it requires less time and labour in mixing, 
which saves trouble to the labourers, and it also suits the coiivenionco of the masons 
and bricklayers better, being what is termed tougher, that is, more easily worked, but 
it does not by any means make such good mortar. If, on the other hand, the sand ho 
increased to more than the above proportion of 3.^, it renders the mortar too short, 
that is, not plastic enough for use, and causes it also to be too friable, for excess of 
sand prevents mortar from setting into a compact adhesive mass. In short, there is a 
certain just proportion between these two ingredients which produces t he best mortiir, 
which I should say ought not to be less than 3, nor more than 3 parts of sand to 
1 of lime ; that is when common chalk-lime, or other pure limes, are used, for difFo- 
rent limes require different proportions. When the proportion of sand to lime is 
stated in the above manner, which is done by architects as a part of their specification 
or general directions for the execution of a building, it is alw’ays understood, w hen 
nothing is expressed to the contrary, that the parts are by fair level measure of tho 
lime, and by stricken measure for the sand ; and tho lime is to bo measured in lumps, 
in the same state in which it comes from tho kiln, without slaking, or oven breaking 
it into smaller pieces.’ — Vasley. 

MOSTAA4 KYllRAirXiZC, is the kind of mortar used for building piers or 
walls under or exposed to water, such as tliose of docks, &c. See Hydraulic 
Cbmekt. 

MOSAIC. (Mosdique, Fr. ; Mosaisch, Ger.) There are several kinds of mosaic, 
but all of them consist in imbedding fragments of differently-coloured substances, 
usually glass or stones, in a cement, so as to produce the effect of a picture. Tho 
beautiful chapel of Saint Lawrence in Florence, which contains tho tombs of tho 
Medici, has been greatly admired by artists on account of the vast multitude of pre- 
cious marbles, jaspers, agates, aventurines, malachites, &c., applied in mosaic upon its 
walls. The detailed discussion of this subject belongs to a treatise upon the fine arts, 
but the progress of the invention is so curious that some brief notice of mosaic-work 
in general will not be out of place. 

\VTien, with his advancing intelligence, man began to construct ornamental articles 
to decorate his dwelling, or to adorn his person, w’e find him taking natural produc- 
tions, chiefly {rom the mineral kingdom, and combining them in such a manner as 
will afiford, by their contrasts of colour, tho most pleasing effects. From this arose 
Uie art of mosaic, which appears, in tho first instance, to have boon a]')])lied only to 
the combination of dice-shaped stones (tcsserce) in patterns. This was the ojms 
musivum of the Romans ; improving upon which, w'o have tho Italians introducing 
the more elaborate and artistic pietra dura, now commonly known as Florentine 
work. It is not our purpose to treat of any of tho anciefit forms of mosaic-work, 
further than it is necessary to illustrate tho subject before us. Tho oyus tcssclatum 
consisted of small cubes of marble, worked by hand into simjde geometrical figures. 

opus seciUe was formed of different crusts or slices of marble, of which figures 
aiid ornaments were made. The opus vermicidatuin was of a. far higher order tlian 
these: by the employment of differently-coloured marbles, and, where great bril- 
liam^ of tint was required, by the aid of gems, the artists produced imitations of 
figures, ornaments, and pictures, tho whole object being portrayed in all its true 
colours and shades. 

The advance from the opus vermiculatum to the fine mosaic-work, which had its 
origin in Rome, and is, therefore, especially termed Roman mosaic, was easy ; and 
ws find this delicate manufacture arising to a high degree of excellence in the city 
where it origioated, and to which it has been almost entirely confined, Venice being 
the only city which has attempted to compete with Romo. To this art-manufacture 
we more especially direct attention, since a description of it wdll aid us in rendering 
intelligible the most interesting and peculiarly novel manufacture of mosaic rug- work, 
as practised by the Messrs. Oi^sleys. Roman, and also Venetian enamels, are made 
of small rods of glass, called indiscriminately paste and smalt. In the first place, 
cakes of glass are manufactured in every v^ety of colour and sliade that are likely 
to he required. These cokes axe drawn out into rods more or less attenuated, as they 
ail intended to be used for finer or for coarser work, a great number being actually 
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threads of glass. These rods and threads are kept in bundles, and arranged in aets 
corresponding to their colours, each division of a set prcisentiug eveiy desired shade. 
A piece of dark slate or marble is prepared, by being liollowed out like a box, and 
this is filled with plaster-of-Paris. Upon this plaster the pattern is drawn by 
the artist, and the momioisti proceeds with his work by removing small squares of the 
plaster, and filling in these with pieces cut from the rods of glass. Gradually, in this 
manner, all the plaster is removed, and a picture is formed by the ends of the 
mints of coloured glass ; these are carefully cemented together by a kind of mastic, 
and polished. In "this way is formed, not only those exquisitely delicate mosaics 
which were, at one time, very fashionable for ladies* brooches, but tolerably largo 
and often highly-artistic pictures. Many of our readers will remember the mosaic 
landscapes which rendered the Italian Court of the Great Exhibition so attractive ; 
and in the Museum of Practicfil Geology will bo found a portrait of the late Emperor 
of Russia, which is a remarkably good illustration of mosaic-work on a large scale. 
We may remark, in passing, that the whole process of glass-mosaic is well illustrated 
in this collection. 

The next description of mosaic-work requiring a word is the manufacture of 
Tunbridge. The wood-mosaics of Tunbridge are formed of rods of wood, varying in 
colour, laid one upon the other, and cemented together, so that the pattern, as W'ith the 
glass-mosaics, is produced by the ends of the rods. 

MOSAIC OOXiD. For the composition of this peculiar alloy of copper and zinc, 
called also Or-molu^ Messrs. Parker and Hamilton obtained a patent in November 
1825. Equal quantities of copper and zinc are to be * melted at the low'est tempera- 
ture that copper will fuse,’ which, being stirred together so as to produce a perfect 
admixture of the metals, a further quantity of zinc is added in small portions, until 
the alloy in the melting-pot becomes of the colour required. If the temperature of the 
copper be too high, a portion of tho zinc will fly off in vapour, and the result will be 
merely spelter or hard solder ; but if tho operations bo carried on at ns low a heat 
as possible, tho alloy 'will assume first a brassy-yellow colour; then, by the introduc- 
tion of small portions of zinc, it will take a purple or violet hue, and will ultimately 
become perfectly white, which is the appearance of the proper compound in its fused 
state. This alloy may bo poured into ingots ; but as it is difficult to preserve its 
character when ro-mclted, it should bo cast directly into tho figured moulds. Tho 
patentees claim exclusive right of compounding a metal consisting of from 62 to 55 
parts of zinc, out of 100. 

Mosaic gold^ tho aurum musivum of the old chemists, is a sulphuret of tin. See 
Alloys. 

MOSAIC WOO&-WOR&. There is no branch of manufacture which is of 
a more curious character than the mosaic w'odl-w’ork of the Messrs. Crossleys of 
Halifax. 

Hy referring to the article Mosaic there will be no difficulty in understanding how 
a block of wood, which has been constructed of hundreds of lengths of coloured 
specimens, will, if cut transversely, produce a great number of repetitions of tho 
original design. Suppose, when wo look at tho transverse section presented by tho 
end of a Tunbridge block, wo see a very accurately-formed geometric pattern ; this 
is rendered perfectly smooth, and a slab of wood is glued to it. When the adhesion 
is secure, as in a piece of veneering for ordinary cabinet-work, a very thin slice is 
cut off by means of a circular saw, and then we have the pattern presented to us in a 
state which admits of its being fashioned into any article which may be desired by 
the cabinet-maker. In this way, from one block, a very largo number of slices can 
be cut off, every one of them presenting exactly the same design. If lengths of 
worsted are substituted for those of glass or of wood, it will bo e'vddont that tho result 
■wiU be in many respects similar. By a process of this kind the mosaic rugs — with 
very remarkable copies from the works of some of our best artists--are produced. In 
connection with this manufacture, a few words on tho origin of this kind of work will 
not bo out of place. 

The tapestries of Franco have been long celebrated for the artistic excellence of 
tho designs, and for tho brilliancy and permanence of tho colours. These origi- 
nated in Franco, about the time of Henry IV., and tho manufacture was much 
patronised by that monarch and his minister Sully. Louis XIV. and Colbert, how- 
ever, wore the great patrons of the beautiful productions of the loom. The minister 
of Louis bought from the brothers Gobelins their maniiiiictory, and transformed it 
into a royal establishment, under the title of Le Teinturier Parfait, A work "was 
published in .1740 in which it was seriously told that the dyes of the Gobelins 
had acquired such superiority that their contemporaries attributed the talent of these 
celebrated artists to a paction which one or the other of them had made with tho 
devil. 
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In tb« Gobelins and Beauvais tapestry we haVe examples of the most artistic pro- 
diMsUons^ executed with a tMchanicd skill of the highest order, wlien we consider the 
material in which the work is executed. The method of manufacture, involving 
arristio power on the part of the workman, great manipulatory skill, and tlie expen- 
diture of much time, necessarily removes those productions from the reach of any but 
the wealthy. Various attempts have been made, from time to time, to produce a 
textile fahnc which should equal those tapestries in beauty, and which should be sold 
to the public at much lower prices. None of tlieso appear to have been successful, 
until the increasing applications of india-rubber pointed to a plan by which high 
artistic excellence might be combined with moderate cost. In Berlin, and subse- 
quently in Paris, plans (in most respects similar to the plan wo are about to describe) 
were tried, but in neither instance with complete success. Of course, there cannot 
now be many of our readers who have not been attracted by the many life-like repre- 
sentations of lions and dogs which have for the last few years been exhibited in the 
carpet-warehouses of tho metropolis, and other large cities. While we admit the 
perfection of the manufacture, we are compelled to remark that the designs which 
have been chosen are not such as appear to us to be quite appropriate, when wo con- 
sider the purposes for which a rug is intended. However, from their very attractive 
character ana moderate cost, those rugs find a largo number of purchasers, by whom 
they are doubtless greatly admired. It will, however, bo obvious to our readers, that 
they are not consistent with the principles of design, and that there is a want of con- 
sistency in the idea of treading upon tho ‘ monarcli of tho forest,’ copied with tliat 
remarlmbld life-likeness which distinguishes the productions of Sir Edwin Landseer; 
or in placing one’s feet in the midst of dogs or of poultry, when tho resemblances 
are sufficiency striking to impress you with the idea that the dogs will bark and that 
the cock will crow. We believe that less picturesque subjects, in accordance with tho 
law — which we conceive to be tho true one — wliich gives true beauty only to that 
which is, in its applications, consistent and harmonious, would be yet greater fa- 
vourites than those rugs now manufactured by tho Messrs. Crossleys. And amidst 
the amount of good which these excellent men are doing to all who come within 
their influence, we are certain they might, with tho means at their command, in- 
troduce an arrangement of colours which might delight by their harmonious blend- 
ing, and a system of designs which, pure and consistent, should ever charm the eye, 
without attempting to deceive either it, or any of the senses. Every attempt to ad- 
vance the taste of a people is worthy of all honour ; and having the power, as the 
manufacturers of the mosaic rugs have, of producing works of the highest artistic ex- 
cellence, we should bo rejoiced to see them employing that powder to cultivate amongst 
all classes a correct perception of the true and the beautiful. 

With these remarks we proceed to a description of tho manufacture. 

Every lady who has devoted herself for a season, when it was the fa.shion to do so, 
to BerUn wool-work, will appreciate the importance of a ciiroful arrangement of all 
the coloured worsteds which are to bo used in tho composition of her design. ll(ire, 
where many hundreds of colours, combinations of colours, and shades aro required, 
in great quantities and in long lengths, tho utmost order is necessary ; and the system 
adopted in this establishment is in this respect excellent. We have, for example, 
grouped under each of tho primary colours, all the tints of each respective colour that 
the dyer can produce, and between each largo division tlio mixtures of colour pro- 
ducing the neutral tones, and the interblending shades which may be required to copy 
the artist with fidelity. Skeins of worsted thus arranged are over ready for the 
English mosaicisti in rug-work. Such is the material. Now to describe the manner 
cf proceeding. In the first place an artist is employed to copy, of the exact size re- 
quired for the rug, a work of Landseer’s, or any other master, which may be selected 
fot the purpose. Although the process of copying is in this case mechanical, con- 
siderable skill is required to p^uce the desired result. This will be familiar to all 
who have observed the peculiar characteristics of the Berlin wool-work patterns. 
The picture being completed, it is ruled over in squares, each of about twelve inches. 
These are again interruled with small squares, which correspond with the threads of 
whidi the finished work is to consist. This original being completed, it is copied 
npon lined paper by girls who aro trained to the work, each girl Living a square of 
about twelve inches to work on. These are the copies w'hich go into the manu- 
factory. A square is given to a young woman whose duty it is to match all the colours 
in wool This is a tai^ of great delicacy, requiring a very fine appreciation of colour. 
It becomes necessary in many cases to combine two threads of wool, especially to 
produce the neutral tints. It is very interesting to observe the care witji which every 
variety of colour is matched. The skeins of worsted are taken, and a knot or knob 
fieiug formed so as to increase the quantity of coloured surface, it is brought down 
bn the coloured picture ; and when the right shades have been selected, they are 
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numbered, and a corresponding system of niiml)ers are put on the pattern. In many 
of the rugs one Imndred colours are employed. The selector of colours works under 
the guidance of a master, wlio was in this case a (xornian gentleman, and to his 
obliging and painstaking kindness we are much indebted. Without his very exact 
description of every stage of the process, it would not have been easy to render 
this rare mosaic-work intelligible to our readers. When all the c( floured wools have 
been selected, they are handed, with the patterns, to young women, who .are termed 
the ‘mistresses of a frame,’ each one having under her charge three little girls. 

The ‘frame’ consists of throe iron stands, tlio two extreme ones being about 200 
inches apart, and the other exactly in the middle. These stiiuds are made of stout 
cast iron, and may be said to consist of two bowed logs, with two cross pieces of iron, 
one at the top of the legs, and the other about lifteen inches below, the space between 
tJieni being tnat which is to be occupied by the threads of wool which are to form the 
required square block of wool. These frames are united together by means of cast- 
ii’on tubes, running from end to end. The observer is struck with the degree of 
strength wliicli lias been given to these frames. It appears that, for the purpose of 
iiicreiy holding together a few threads of wool, a much slighter frame might have been 
('inployed ; aitd we ccrtiiinly were surprised when we were informed that, at first, 
many frames wore broken, and that they were compelled to have the stronger ones at 
present in use. The cause of this will be obvious, when we have proceeded a little 
farther with our description. At one end of these frames sits the ‘ mistress,’ with a 
stand before her, on which the pattern allotted to her is placed, and a vertical frame, 
over which the long colourecl worsteds are arranged. By the side of this young 
W'oman sits a little girl, who receives each worsted from the mistress, and hands it to 
one of two children, w’lio are on either side of the frame. 

Commencing at one corner of the pattern, a thread is selected of tlio required 
colour, and handed to the first girl, wI:d passes it to tlie second, whose duty it is to 
fasten it to a stiff, but slight bar of steel, about half an inch in width, which passes 
from the upper to the under bar of the frame. The third girl receives the thread, nnd 
carries it to the lower end of the frame, and fiistens it to a similar bar of steel at that 
end. The length of each thread of worsted is rather more than 200 inches. It is 
well known that twisted wool does not lie quite straight without some force is ap- 
plied to it ; and of course the finished pattern would be incomplete, if all the threails 
did not observ'e the truest parallelism to each other. To effect this, a stretching force 
equal to four pounds is required to every thread. The cliild who carries the thread, 
therefore, pulls the worsted with this degree of force, and fastens it over the steel bar. 
Every block, forming a foot-square of rug-work, consists of fifty thousand threjids ; 
tlierctbre, since every thread pulls upon tlie frame with a force equal to four pounds, 
there is a direct strain to the extent of 250,000 pounds upon the frame. When this is 
known, our surprise is no longer excited at the strength of the iron-work ; indeed, tlio 
bars of hardened steel, set edgeways, were evidently bent by the force exerted. 

Tliroad after thread, in this way, the work proceeds, every tenth thread being 
marked by having a piece of white thread tied to it. By this means, if the foreman, 
when ho examines the work, finds that an error has been committed, ho is enabled to 
have it corrected by removing only a few of the threads, instead of a great number, 
wliich would have been the case if the system of marking had not boon adopted. 

This work, requiring much care, does not proceed with much rapidity, and the 
constant repetition of all the same motions through a long period would become ex- 
ceedingly monotonous, especially as talking cannot be allowed, because the attention 
would be withdrawn from the task in hand. Singing has therefore been encouraged, 
and it is exceedingly pleasing to see so many young, happy, and healthy faces per- 
forming a clean and easy task, in unison with some song, in which they all take a part. 
Harmonious arrangements of colour are produced, under the cheerful influence of har- 
monious sounds. Yorkshire has long been celebrated for its choristers, and some of 
the voices wnich wo hoard in the room devoted to the construction of the wool- 
mosaics boro evidence of this iiatunl gift, and of a consiilerablo degree of cultivation. 

The ‘ block,’ as it is called, is eventually completed. This, as we have already 
sbited, is about a foot square, .‘ind it is 200 inches long. Being bound, so as to pre- 
vent the disturbance of any of the threads, t he block is cut by moans of a very sharp 
knife into ten parts, so that each division will have a depth of about 20 inches. 
Hearth-rugs are ordinarily about eight feet long, by about two feet wide, often, how- 
i yer, varying from those dimensions. Supposing, however, this to represent the usual 
size, twelve blocks, from as many difieront frames, are placed in a box, with the threads 
in a vortical position, so that, looking down upon the ends, we see the pattern. These 
tlireads are merely sustained in their vertical order by their juxtaposition. Each box, 
therefore, will contain 800,000 threads. The rug is now, so far as the construction of the 
pattern i£ required, completed ; and the cost of producing th© ‘block,’ of 200 inches iit 
VoL.nL BB 
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depth, tight feet in length, and two foet wide, including the cost of wool, and the pay- 
ment for labonr, ii little short of 8002. When, however, it is known tliat these threads 
am subsequently cut into the length required to form the rug, and that those lengths 
'am but the three-sixteenths of an inch in depth, it will be e^■ldent that the number of 
these beautiful carpets which can thus be obtained renders the manufacture fairly re- 
munerative. The boxes into which tlie rugs are placed .'ire fixed on wheels, and they 
have moveable bottoms, the object of which will be presently understood. From tlio 
upper part of the immense building devoted to carpet manufacture, in which this 
mosaic mg-work is airriod on, we descend with our rug to the basement story. Here 
wo find, in the first place, steam chests, in whicli india-rubber is dissolved in carn- 
phine. It may not be out of jdaco to observe that camphine is actually spirits of tur- 
pentine, carefully rectified, and deprived of much of its smell, hy being distilled from 
either potash or soda. Recently-prepared camphine Ijas but little of tlio tercbinthi- 
nous odour, but if it is kept long, and especially if it is exposed to the air, it again 
acquires, wdth the absorption of oxygen, its original smell. This is of coui*se avoidial 
in the manufiicture of such an article .as an hearth-rug as much as possible. The 
camphine is used us fresh as possible, and in it the indiir-rubl)er is dissolved, until wo 
have a fluid about the consistence of, and in appearance like, carpenter's glue. 

In an adjoining room were numerous boxes, each oik; t*ont«iiniug the rug-work in 
some of the stages of manufacture. It. must now be I'i^membered that each box re- 
presents a completed rug — the upper ends of the thread being shaved off, to present 
as smooth a surface as possible. In every stage of the process now all damj) must 
be avoided, us wool, like all other porous bodies, has a tendency to absorb and retain 
moisture from the atmosphere. The boxes, therefore, are placed in heated chambers, 
and they remain there until all moi.slure is dispelled ; when this is effiicted, a layer of 
india-rubber solution is laid over the surface, care being taken in tlio aj^plication 
that every thread receives the proper quaiility of the caoutchouc ; this is dried in tlio 
warm chamber, and a second and a third coat is given to tlio fibres. While the last 
coat is being kept in the warm chamber, free from all dust, sufficiently long to dis- 
sipate some of the camphine, the surface on which the rug is to be placed receives 
similar treatment. In some casi*s onlinary carpet canvas only is employed ; in 
others, a rug made by weaving in the ordinary manner is employed, so that either 
side of the rug can be turned up in the room in wliieh it is placed. However t his 
may be, both surfaces are properly covered with soft caoutchouc, and the ‘ backing’ is 
carefully placed on the ends of >vorsted forming the rug in the box. Hy a scraping 
motion, the object of which is to remove all air*bubbles, the union is perfectly 
effected ; it is then placed aside for some little time, to secure by rest that, absolute 
Tinion of parts between the two india-rubber surfaces which is necessary. The 
separation of the two parts is after this attended with the utmost difficulty ; the worsted 
may be broken by a forcible pull, but it cannot be removed from the india-rubljer. Tlio 
next operation is that of cutting off' the rug; for this purpose a very admirable, but a 
somewhat formidable machine is requireil. It is in principle, a circular knife, of 
twelve-feet diameter, mounted horizontally, which is driven by steam-power, at the 
rate of 170 revolutions in a minute. 

The rug in its box is brought to the required distance above the edge of the box 
by screwing up the bottom. The box is then placed on a rail, and connected with a 
tolerably fine endless screw. The machine being in motion, the box is carried by the 
screw under the knife, and by the rapid circular motion, the knife having a razor-like 
edge, a very clean cut is effected. As soon as the rug is cut off to the extent of a 
few inches, it is fastened by liooks to strings which wind over cylinders, and tlius 
raise the rug as regularly as it is cut. This goes on until the entii-e rug is cut off* to 
the thickness of three-sixteenths of an inch. Thu other portion in the box is now 
ready to receive another coating, and the .'ipplication of another surface, to form a 
second rug, and so on, until about one thousand rugs arc cut from tlio block prepared 
as we have described. 

MMS AOATS, or KOCBA STOBB. A variety of chalcedony enclosing 
dendritic or moss-like markings of an opaque brownish-yellow colour, which are pro- 
duced hy oxide of manganese or iron. It w^as the dendrachates of the ancients. 

{Nacre de Perles, Fr. ; VerlmmutU-r, Ger.) is the 
hard, silvery, brilliant internal layer of several kinds of shells, particularly oysters, 
which is often variegated with changing purple and azure colours. The large oysters 
of the Indian seas alone secrete this coat of sufficient thickness to render their shells 
avaiUble to the purpofes of manufactures. The genus of shell-fisli called Pentadince 
furnishes the finest pearls, as well as mother-of-pearl; it is found in greatest per- 
fection round the coasts of Ceylon, near Ormus in the Persian Gulf, at Cape Comorin, 
amoiig some of the Austodian seas. The brilliant hues of mother-of-pearl do 
vpeVi the netwre of the substance, but upon its structure. The microscopic 
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wrinkles or furrows which run across the surface of every slice act upon the reflected 
light in such a way as to produce the chromatic effect ; for Sir David Brewster has 
shown that if wo take with very fine black w’ax, or with the fusible alloy of D’Arcet, 
an impression of mother-of-pearl, it will possess the iridescent appearaiiciL Mother- 
of-poafl is very delicate to work, but it may be fashioned by saws, files, and drills, 
with the aid sometimes of a corrosive acid, such as the dilute suljJiuric or muriatic; 
and it is polished hy colcothar of vitriol. 

MOTKSR-WATBR is the nanui of the li«]uid which remains after all the salts 
lliat vill regularly crystallise have been extracted, by cvai)ora.t:ioii and cooling, from 
auy saline solution. 

MOUKDS, B&JLSTZC. Being much engaged in taking casts from anatomical 
preparations, Mr. Douglas Fox, surgeon, Derfiy, found great difficulty, principally 
with hard bodies, whirii, when undercut, or haring considerable overlaps, did not 
admit of the removal of moulds of the ordinary kind, except with injury. These diffi- 
culties suggested to him tiio use of elastic moulds, wliich, giving way as they were 
withdrawn from compliciited parts would return to their proper shape ; and he ulti- 
mately succeeded in making such moulds of glue, which not only relieved him from 
all his difficulties, but were attended with great advantages, in consequence of the 
small number of pieces into wliich it was necessary to divide the mould. 

Tlie body to bo moulded, previously oiled, must be secured one inch above the 
surface of a board, and then surrounded by a wall of clav, about an inch distant from 
its sides. The clay must also extend rather higher than tlie contained body: into 
this warm melted glue, as tliick as possible so that it will run, is to be poured so as to 
completely cover the body to bo moulded : the glue is to remain till cold, when it 'vrill 
Jia ve sot into an elastic mass, just such as is required. 

Having removed the clay, tlie glue is to be cut into as many pieces as may bo 
necessary for its removal, either by a sharp-pointed knife, or by having phiced threads 
in the requisite situations of the body to be mouldoLl, wliich may l)e drawn away 
when the glue is set, so as to cut it out in any direction. 

The portions of the glue-mould haring been removed from the original, are to be 
placed togotlier and bound round liy tape. 

Ill some instances it is well to rim small wooden pegs through the portions of glue, 
so as to keep them exactly in their proper positions. If the mould be ol' considerable 
size, it is better to let it bo bound with moderate tightness upon a board to prevent 
it bending whilst in use; having done as above described, the plaster-of-Paris, as 
ill common casting, is to be poured into tlio mould, and left to set. 

In many instances w’ax may also be cast in glue, it* it is not poured in whilst too 
liot; as the Avax cools so rapidly when applied to the cold glue, that the sharpness 
of the impression is not injured. 

Glue has been described as succeeding w'ell Avhere the elastic mould is alone ap- 
])licable; but many modifications are admissible. When the moulds are not used 
soon after being made, treacle should be preAnously mixed with the glue (as employed 
by printers), to prevent it becoming liartl. 

Tlie description thus given is with reference to moulding those bodies whicli cannot 
bo so done by any other than an elastic mould ; but glue moulds will bo found greatly 
to facilitate casting in many departments, as a mould may bo frequently taken by this 
method in two or three pieces, whieJi tvould, on any other principle, require many, 

MOnXffTAZXf BXiUBi Blue copper ore. See Coppeii. 

aSOITBTAZB' COBKii A form of asbestus. See Asbkstus. 

MOUM’TAXXO’ GBBBir. Malachite, or green carbonate of copper. See Copper. 

MOUXrTAXXr BBATBBB. Asbestus is so culled when it is so interlaced that tlio 
fibrous structure is not apparent. See Asukstus. 

MOXTB’TAZXr XiXlUBSTOirE. A term commonly applied to the carboniferous 
limestone, on account of its masses forming some of our finest mountain scenery. It 
may be regarded as the boundary rock of nearly all our coal-formations. See Caubo- 
Nii’Kiious Limestone. 

MOUBTAXBT SOAP {Savo7i clc moniagne, Fr. ; Bergseife, Ger.) is a tender 
mineral, soft to the touch, which assumes a greasy lustre when rubbed, and falls to 
pieces in water. It consists of silica 44, alumina 26*5, water 20*5, oxide of iron 
8. lime 0‘5. It occurs in beds, alternating with different sorts of clay, in the Isle of 
Skye, at Billiii in Bohemia, &c. It has been often, but improperly, confounded with 
steatite. 

BIWexo ACXB {Acid muciqtiey Fr. ; Schlwn^dure, Ger.) is the same as the sac- 
lactic acid of Scheele, and may be obtained by digesting one part of gum arabic, 
su^r-of-milk, or pectic acid, with twice or thrice their weight of nitric acid. It forms 
white gpaDular crystals, and has not been applied to any use in the arts. 
MVCBbJVGB is a solution in water of gummy mattor of any kind. 
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mraUB is the earthenware case or box, in the assay furnaces, for receiving the 
.copids» and protecting them from being disturbed by the fuel. See Assay. 

mUUnUtT OX&. a flavouring essence introduced by Mr. Condy, whicli 
eon eiste chiefly of euberic other. See Suberic Acid. 

MtnUUnUIT FAF8X. The Brou^mneiia papyrifera ; the inner bark of this 
species is need in China. for the preimration of a kind of paper, and in Polynesia for 
the production of a peculiar cloth. 

mUUUUtT TS>1S. The Merits niyra is the common mulberry, and ilf. alha 
the white mnlbeny. The leaves of both species are used for feeding silkworms. 
imnUi* A machine for spinning cotton. Sec Cotton SnxxiNG. 

.mXtKOVBB BBVB. The name given to one of the aniline colours prepared by 
Gros, Benaud, and Schaeffer, of Mulhouse. It i.s formed by boiling the solution of 
rosaniline salt (nitrate is generally used) with a .solution of gum-luc and carbonate 
of sodium. See Aniline. 

MOM. A malt liquor made in Brunswick with wheat meal and oat and bean meal. 
MVB'BXC is the name of iron or arsenical pyrites among Cornish minors. 
MVBTOO (sometimes also termed Shoddy) is the artificial wool formed by tearing 
to pieces, and completely disintegrating old w*oollcn cloths or garments, or even pieces 
of new cloth, such as tailor's clippings. 

MVBTJBBT or Bast Indian madder, the Jiuhia Munjisia. See Madder. 
imBrJZSTXB'B. An orange colouring-matter contained together with purpurino in 
munjeet. This colouring-matter has been so thoroughly investigated by Pr. Stenhouse, 
that it cannot be better deseribod tlian in his own words. His paper in the * Proceedings 
of the Boyal Society of London,’ vol. xii. p. 633, is entitled ‘ Preliminary Notice of an 
Examination of Rubia Mimjista, the East Indian Madder, or Munjeet of commerce ; ’ 

* It is rather remarkable that while few vegetable substances have boon so frequently 
and carefully examined by some of the most eminent chemists as the root of tlie 
Rubia tinctorumoT ordinary madder, the Rubia Mmijista or munjeet, which is so 
extensively cultivated in India, and employed us a dj’e-stiiff, has been, comparatively 
speaking, very much overlooked, never having been subjected, apparently, to anything 
but a veiy cursory examination. 

‘From some incidental notices of munjeet in Persoz and similar writers, .and a few 
experiments which I made some years ago, I was led to suspect that tlie colouring- 
matters in munjeet, though similar, arc by no means identical with those of ordinary 
madder, and that probably the alizarine or purpurino of madder would bo found to ))"e 
replaced by some corresponding colouring principle. Tins hypothesis I have found 
to be essentially correct, for the colouring-matter of munjeet, instead of consisting of 
a mixture of alizarine and purpurino, contains no alizjirine at all, but purpurinc and 
a beautiful orange colouring-matter, crystallising in golden scales, to which I purpose 
giving the name of munjistine. Muujistine exists in munjeet in considerable quantity, 
and can therefore be easily obtained. 

‘ The colouring-matter of munjeet may be extracted in various w'ays : that whieh I 
have found most suitable is as follow.s: each pound of munjeet in fine powder is 
beiled for four or five hours witli 2 pounds of sulphate of alumina and about 16 
pounds of water. The whole of the colouring- matter is not extracted by a single 
treatment with sulphate of alumina ; the operation must be repeated, therefore, two or 
three times. The red liquid thus obtained is strained through cloth filters while still 
very hot, and the clear liquid acidulated witli hydrochloric acid. It soon begins to 
deposit a bright red precipitate, the quantity of which increases on standing, whieli 
it should be allowed to do for about twelve hoiu’s. This precipitate! is collected on 
cloth filters and washed with cold water till the greater portion of the acid is removed. 
It is then dried, reduced to a fine powder, and digested in a suitable extracting appa- 
ratus with Ijoiling bisulphide of carbon, which dissolves out the crystallisable 
colouring principles of the munjeet, and leaves a considerable quantity of dark- 
colourod resinous matter. The excess of the bisulphide of airbon having been 
removed by distillation, the bright red extract, consisting chiefly of a mixture of 
muigistiDe and purpurine, is treated repeatedly with moderate quantities of boiling 
water and filter^ The munjistine dissolves, forming a clear yellow liquid, whilf! 
almost the whole of the purpurino remains on the filter. When the solution is 
acidulated with hydrochloric or sulphuric acid, the munjistine precipiUites in large 
yellow flocks. These are collected on a filter and washed slightly with cold water. 
The precipitate is then dried by pressure and dissolved in boiling spirits of wine, 
sliglvtly acidulated with hydrochloric acid to remove any adhering alumina. As tho 
munjistine does not subside from cold alcoholic solutions, even when they are largely 
fluted with water, about three-fourths of the spirit are drawn off by distillation, 
U^au the ihu^jistine is deposited in large yellow scales. two or three crystallisa- 
otit of spirit ip tbeiray just described, the munjustiue is rendered perfectly pure. 
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‘I have likewise succeeded in extracting munjistino directly from munjeet by 
boiling it with water, filtering the solution, which has a dark b^o^v^lish colour, and 
then acidulating with hydrochloric acid. The precipitate which falls is collected on 
a filter, washed, dried, and treated with boiling spirits of wine, which leaves a large 
quantity of pectine iindissolvod. 

‘The miinjistino which dissolves in the alcohol is obtained in a pure state by 
repeated crystallisations in the way already indicated. The first process which I 
have described is, however, b}’ far the best. The colouring-matter of munjeet can 
likewise bo extracted with boiling solutions of alum ; but I find sulphate of alumina 
greatly preferable, as the ‘alum by its tendency to crystallise very much impedes the 
filtration of the liquids. I likewise attempted to employ Professor C. Hopp’s process 
with sulphurous acid, which gives such excellent results with ordinary madder, but I 
found it wholly inapplicable to munjeet. 

‘ Munjistine, prepared by the processes described, when crystallised out of alcohol, 
forms golden-yellow plates of great brilliancy. It is but moderately soluble in cold, 
but dissolves pretty readily in boiling water, forming a bright yellow solution, from 
which it is deposited in flocks when the liquid cools. Saturated solutions almost 
gelatinise. It dissolves to some extent in cold, but more readily in boiling, spirit 
of wine, and is not precipitated by the addition of water. It dissolves in carbonate 
of soda -with a bright rod colour. In ammonia it forms a red solution with a slight 
tinge of brown caustic soda, producing with it a rich crimson colour. Both its 
aqueous and alcoholic solutions, -when boiled with alumina, form beautiful flakes of a 
bright orange colour, almost the whole of the munjistine being withdrawn from 
solution. The flakes are soluble in a largo excess of caustic soda, with a fine 
crimson colour. Munjistine dyes cloth mordanted with alumina a bright orange. 
With iron mordant it yields a brownish-purple colour, and with Turkey-red mordant 
a pleasing deep orange. Those colours are moderately permanent, and bear the 
application of bran and soap tolerably well. The munjistine sensibly modifies the 
colours produced by munjeet, giving the reds a shad© of scarlet, as has been long 
observed, 

‘ Commercial nitric acid dissolves munjistine with a yellow colour, but does not 
appear to decompose it even on boiling. Fuming nitric acid (I’ti) dissolves 
munjistine in the cold, and on application of heat decomposes it, no oxalic acid being 
produced. It readily dissolved in cold sulphuric acid with a bright orange colour; 
and the solution may be heated nearly to boiling without blackening or giving off 
sulphuric acid ; it is reprecipitatod by water in yellow flocks apparently unaltered. 
When bromine water is added to a strong aqueous solution of munjistine, a pale- 
coloured flocculent precipitate is immediately produced ; this, when collected on a 
filter, washed and dissolved in hot spirit, furnishes minute tufts of crystals, evidently 
a substitution-product. I may remark in passing, that when alizarine is treated with 
bromine water in a similar way, it also forms a substitution-product, crystallising in 
needles. 

‘ Munjistine, in some of its properties, bears considerable resemblance to Eunge's 
jnaddor orange, the ruhiacinc of Dr. Schunck ; it is, however, essentially different from 
riibiacine in several of its properties, such as its solubility in water and alcohol, &c., 
and in the amount of its carbon — rubiacine, according to Dr. Schunck’s analysis, con- 
tfuning 67*01 per cent, of that element, while munjistine contains only 64. The 
spectra afforded by solution of the two substances, as may be seen from the following 
extract from a letter received from Professor Stokes, are decidedly different : — 

‘ “ The two substances are perfectly distinguished by the very different colour of 
their solution in carbonate of soda, when a small quantity only of substance is used. 
The solution of munjistine is rod, inclining to pinkish orange, that of rubiacine a 
claret-red. The tints are toUilly different, and indicate a different mode of 
absor]ition. Both present a single minimum in the spectrum, but while that of 
rnbiacino extends from about D to F, that of munjistine extends from a good way 
Tjoyond I) to some good way beyond F. The beginning and end of the band in each 
case are not very definite, and vary of course with the strength of the solution ; there 
can bo no doubt of the radical difference in the position of the band of absorption. 
In this way it is easy to convince oneself tliat the difference of the colour is not to 
bo explained by the possible admixture of some small impurity present in on© or 
other of the specimens. With caustic potash, munjistine gives as nearly as possible 
the same colour as rubiacine, agreeing %vith the colour of rubiacine in carbonate of 
soda. There appears to bo a slight difference in the spectrum of the munjistine and 
rubiacine solutions, but not enough to rely on ; so that the substances are not to be 
disting lisbcd by their solutions in caustic alkalis. 

* A second perfectly valid distinction is, however, afforded by the diffirent colour 
of the fluorescent light of the ethereal solutions. The solid substances tbemselree 
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s|id tbeir ethereal soiutione are fluorescent to a considerable degree ; but the tint of 
fluoresoent light of the ethereal solution of rubiacine is orange-yellow, while that 
of the ethereid solution of munjistine is yellow inclined to* green. The examination 
in a pmre spectrum shows that the difference is not due to the admixture of a small 
impurity, itself yielding a fluorescent solution; but the tints may be readily con- 
trarted W dayli ’ ' • < - 


. paper, ** On the Existence of a Second Crystallisable fluorescent Substance in the Bark 
of the Horse-diestnnt ” (“ Quart. Journal Chcm. Soc. vol. ii., p. 20). I consider either 
of the two points of difference I liave mentioned sufficient by itself to establish tho 
non-identity of munjistine and rubiacine.’’ 

* The pnipurine which I succeeiled in extracting from munject and in purifying 
frcm mni^istine in the way alrejidy described, formed beantiful dark crimson needles 
having aU the usual properties of that substance. When examined by Professor 
Stokes, they gave the very characteristic spectra of pnrpurine. 

* Tinotorial Power of Mimjistine and Munject. — Professor Kunge stilted in 1835 that 
mui^jeet contained twice as much available colouring-matter as tho best Arignoii 
madder. This result was so unexpected, that the Prussian Society for the Encourage- 
ment of Manufactures, to whom Professor Eunge’s memoir was originally addresseiJ, 
referred the matter to three eminent German dyers, Messrs. Dannenbergcr, Bohn, and 
Nobiling. These gentlemen reported, as tho result of numerous .and carefully con- 
ducted experiments, that so far from munjeet being richer in colouring-matter than 
ordinary madder, it contained considerably less. This conclusion has been confirmod 
by the experience of my friend Mr. John Thorn, of Birkacre nc.ar Chorley, one of tho 
most skilful of the Lancashire printers. 

* From a numerous series of experiments I have just completed, I find that tho 
garancine from munjeet has about half the tinctoral power of tho garancine made 
from the best madder, viz. Naples roots. These, however, yield only about 30 to 33 
per cent, of garancine, while munjeet, according to my friend Mr. Iliggin of 
Manchester, yields from 62 to 65 per cent. Taking the present prices, tlicreforo, of 
madder at 36 shillings per cwt. and munjeet at 30 shillings, it will be found that 
there will be scarcely any pecuniary advantage in using munjeet for ordinary 
madder-dyeing. The colours from munjeet are certainly brighter, but not so durable 
as those madder, owing to the substitution of purpnrine for alizarine. There is, 
however, great reason to believe that some of the Turkey -red dyers are employing 
garancine from munjeet to a considerable extent. When this is the case they 
evidently sacrifice fastness to brilliancy of colour. By traiting such a garancine with 
boiling water, and precipitating by an acid in the way already described, its sophisti- 
cation with mnnjeet may very readily be detected. The actual amount of colouring- 
matter in munject and the best madder is very nearly tlie same ; but the inferiority 
of mui]|jeet as a dye-stuff results from its containing only tho comparatively feeble 
colouring-matters, purpnrine and munjistine, a small portion of tlie latter being useful, 
whilst the presence of munjistine in lai’ge quantities appears to be positively injurious. 
8o much is this the case that when the greater pirt of the munjistine is removed from 
muiyeet-gamncine by boiling water, it yields much richer shades w'ith alimiina mor- 
dan ts th^ b efore.* 

MlfVTX*IS mTAlto A brass composed generally of 40 parts of zinc to GO of 
copper. These proportions may be somewliat varied, but the above are commonly 
regarded as the most favourable for rolling into sheets. The metcil being properly 
melted is cast into ingots, heated to a red heat, and rolled into shoiitliing, and worked 
into ship’s bolts at that heat. It will not work well at a lower heat. This metal 
sras originally patented by the late G. F. Muntz, of Birmingham, in 1832. It has to 
a large e^ctent superseded the use of copper sheathing, us being dieaper, and at the 
same time keepii^ the ships’ bottom.s cleaner. 
amUPE* O^is genus, belonging to the Mollusca, contains many beautiful shells, 


amUPE* This genus, belonging to the Mollusca, contains many beautiful shells, 
from wbidi the l^nsftnimrple of the ancients was probably obtained. 
mnunCJUnk The purpuric acid of Front. 

imSUMk B^^rpurateof Amnwnia. Mmex- 

ide is one o(f those snlStances which, although investigated by many chemists of great 
reputation, has long been regarded ns of uncertain constitution. This is the more 
remarimble from the fliet that, owing to its extreme beauty it has ulu ays attracted a 
large amomit of attention. It is invariably formed when the product of the action of 
moderately strong nitric add on uric add is treated with ammonia. This process, 
however, la rather valnable os a test of the presence of uric acid than as a method of 
procuring mnrexide. Dr. Gregory who has given much attention to tlie best methods 
of preparing the substance in question, has published the following formula for work- 
on the mnaXi scale : — * Four grains of alloxantine and seven grains of hydratod 
am dlssblined tether is half as onsce by measure of water by boiling, and the 
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liot solution is added to one-sixth of an ounce hy measure of a saturated op nearly 
saturated solution of carbonate of ammonia, the latter being cold. This mixture has 
exactly the proper temperature for the formation of murexide ; and it does not> 
owing to its small bulk, remain too long hot. It instantly becomes intensely purple, 
while carbonic acid is expelled ; and as soon as it begins to cool the beautiful green 
and metallic-looking crystals of murexide begin to appear. As soon as the liquid 
is cold, these may be collected, washed with a little cold water, and dried on filtering- 
paper.’ 

The analyses of murexide are rather discordant, the cjirbon in all of them being in 
excess. This arises from the very large amount of nitrogen present, a certtxin portion 
becoming acidified passes into the pot-isli apparatus, causing an undue increase in its 
weight. The following are the principal analyses : — 



Liebig and Wohler 

Liebig 

Fritzscbo 

Boilstein 

Culeuliition 

Ciirbon 

34-08 

34-40 

34-93 

31-18 

33-80 

Nitrogen 

32-90 

31-80 

30-80 

30-35 

N* 29-58 

Hydrogen 

3-00 1 

3-00 

2-83 

3-11 

2-82 

Oxygen 

30-02 1 

30-80 

[ 31-44 j 

32-36 

O'- 33-80 


There appears no doubt whatever that the formula represents its true 

co]npo.sitioTi. Murexide is formed when uramile, murcxanc, or dialuramido, as it is 
sometimes called, is boiled with peroxide of mercury. Dr. Gregory regarded murexano 
us a separate substance, and as identical ■with purpuric acid ; he also considered 
C“N*H'‘0^ as its probable formula. This appears from more recent researches to be 
incorrect, as murexano is doubtless the same subsUnce as uramile, w'hilo purpuric acid, 
which is bibasic, is represented by the formula The formulfc above given 

ibr murexide and immiile renders the reaction of peroxide of mercury with the latter 
easily intelligible ; it is, in fact, a very simple case of oxidation, thus 

2C»N WO« -1- 20 = -b 2H0 (CWK'^O® + O = C«W + H^O). 

Uramile. Murexide. 

The limits of this work preclude any further notice of the scientific relations of 
murexide, but it is necessary that wc should consider it iji its character as a clyo-stuiF. 
It has been found that murexide forms a scries of beautiful compounds with certain 
metallic oxides, more especially lead and mercury, and these compounds have been 
employed to a very largo extent in the dyeing, and more especially printing, of cotton 
goods. It is plain that if uric acid were only obbiinable from the urine of serpents or 
the sediments from the urine of mammalia, it could never bo made use of in t he arts. 
It happens, lio-W'oyer, that the solid urine of birds contains it in large quantity, and 
since wo have become acquainted with the vast deposits of guano existing in various 
parts of the globe, the manufacture of murexide has been carried out on a scale which 
would, a few years ago, haA’^o appeared impossible. We mirSt, in order to be clear, 
divide the process into two parts : one being the preparation of uric acid from gUano, 
tlie other the couA’-ersion of the acid into murexide. 

Preparation of Uric Acid from Guano . — In order to get rid, as much us possible, of 
Iho impurities contained in the guano, it is in the first place to be treated with muriatic 
acid, Avhicli will remoA'e carbonate and oxalate of ammonia, carbonate and phosphate of 
lime, and ammonio-magnesian phosphate. The uric acid will also be liberated from 
t he substances with which it may bo in combination. The operation may be per- 
formed in a leaden vessel, heated Avith a leaden coil, through which steam p isses. It 
is essential to success that the guano be added slowly, otherwise the Auolent cifor- 
A'Gseenco, Avhich is caused by the decomposition of the csu’bonates by the acid, would 
cause tlie liquid to escape from tlie vessel. The mixture of guano and muriatic acid 
is then to be heated for an hour, after Avliich it may bo run off into tubs to be washed 
unth water by decantation. The first Avashings contain a large quantity of ammonia 
ill the state of sal-ammoniac; it should l>e AA'orked up in some way, in order to prcArent 
the loss of so Ami liable a salt. As soon as the residue of the guano is sufficiently 
Avashed it may be transferred to cloth filters and allowed to drain. The residue from 
the action of muriatic acid upon 200 ll>s. of guano can now be treated by Braun’s process 
for the extraction of the uric acid. It is to bo placed in a copper boiler of sufficient " 
capacity, and boiled for an hour with 8 lbs. of caustic soda and 120 gallons of water. 
It must be constantly stirred. Two or three pounds of quicklime are now to be slaked, 
enough water is then to be added to make the Avhole into a thin paste, which is to be 
poured into the mixture of caustic soda and guano residue. After a quarter of an 
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boiling tbe fire is to be removed, and the whole allowed to repose until clear. 
The bright liquid having been syphoned off from the residue, the latter is to be treated 
with 120 gallons more water and 6 lbs. of soda; 2 lbs. of slaked lime are also to be 
added in the same manner as in the first operation. The lime is for the pippose of 
removing extractiTe matter, and it has been found that it does not do to use it in any 
other manner than that described. If the soda and lime be allowed to react upon the 
guano residue at the same time, urate of lime is formed, which, owing to its compara- 
tive insolubility, causes much trouble in the subsequent operations. 

The two alkaline fluids, containing the urate of soda are to be precipitated while 
warm by a moderate excess of hydrochloric acid. The precipitated uric acid is then 
to be washed with water and dried. 

Conversion of Uric Acid into Murexide by Braun's Process . — In the first place a 
very large bath of cold water must be provided, having a number of earthenware 
basins floating upon it. Into each of these basins 2ith lbs. of nitric acid are to be 
poured, the strength of the acid being 36® Beaum6. One pound and three quarters 
of the uric acid, prepared as above, is now to be added by very small quantities at a 
time. If the temperature rises above 90® F. the whole is to be allowed to cool before 
adding aiy more uric acid. If the water in the bath be so cold that the temperature 
falls so lew as to stop the reaction, it may be set up again by adding warm water to 
the bath, or, more conveniently, by sending some steam into it for a short time. At 
first the uric acid need only be added to the nitric acid by sprinkling it on the surface ; 
towards the end of the operation, when the nitric acid has become enfeebled, it is 
necessary to stir it in. The quantity of mixture contained in two basins is now to be 
placed in an enamelled iron pot on a sand-bath. As the heat increases the fluid will 
boil up in the pot, and to prevent loss the vessel must be removed from the fire for a 
short time. Tne heating is to be repeated in this manner until the temperature rises 
to 248® F., and, after removing the pot to the coolest part of the sand-bath, half a 
pound of liquid ammonia is to be stirred in quickly. In a few minutes the whole is 
converted into what is called in commerce by the name of Murexide cn pate. To 
convert this into the purer product known as Murexide en poudrSy it is to bo repeatedly 
stirred up with water and filtered, to remove the saline and extractive matters. 

In dyeing cotton by means of murexide, it is necessary to use lead and mercury as 
mordants. Lauth’s process consists in fixing oxide of lead upon the fibre by first 
immersing it in a bath of acetate of lojid, and then in ammonia, or by a bath of oxide 
of lead and lime. The dye is then mixed with pernitrate or perchloride of mercury 
and a little acetate of soda, and the cotton goods are worked in it for a sufficient time. 

For printing, the murexide is mixed with thickened nitrate of load, and the cloth 
after printing is dried and subsequently passed through a bath, containing 100 litres of 
water, 1 kilogramme of corrosive sublimate, and 1 kilogramme of acetate of soda. 

In Sagar and Schultz’s patent process they pad the cotton goods in a solution of 
murexide with 6 pounds of nitrato of lead in 8 gallons of water, to which when cold 
6 ounces of corrosive sublimate, dissolved in 2 gallons of water, are added. The goods 
are dried after dyeing in the above solution, and the colour is fixed by again padding 
in a solution of wheaten starch, gum, gum-substitute, or any similar substance. 

Silk may easily be dyed in a bath of murexide mixed with corrosive sublimate. 
Wool, after being well washed and rinsed, is to be dyed in a strong bath of murexide, 
and then dried. It is after this to be treated, at a temperature of 104® to 122® F., with 
a bath containing 60 grammes of corrosive sublimate, 75 grammes of acetate of soda, 
and 10 litres of water. — C. G. W. 

Murexide has now so completely estabb'shed its place in the arts, that the following 
notice of it by .Dr. Hofmann in his Keport on the Chemical Section of the Exliibition 
of 1862, forms a very appropriate addendum to Mr. Greville Williams’ notice. 

Historical Notice , — Since the year 1861 there has appeared on the chemical horizon 
a rare and beautiful substance, formerly looked upon as a laboratory curiosity, a 
product to be admired for its brilliant mehillic lustre, and for the elegance of its 
delicate ci^tals, but not otherwise important. In consequence, however, of the 
application It found in the dyeing and printing of fabrics, it suddenly sprang into great 
request, and was prepared in extremely large quantities. This substance is murexide, 
first noticed by Prout, but obtained in the state of purity, analysed, and described by 
MM. Liebig and Wdhlw, in the admirable paper on Uric Acid and its derivatives. 
It was desnaed, however, to have but a brief celebrity. After having shone for some 
time with great lustre, it was suddenly eclipsed by even more resplendent rivals — 
the gorgeous crimsons, purples, and violets derived from aniline and its homolo^es. 
Nevertheless, murexide deserves, for more than one reason, our serious attention ; 
iudee^ it would be difficult to mention a substance whose history is more instructive. 
Ojwtainly the resources of modem chemisty were never more admirably illustrated 
pan in the promptness with which the sudden demand for murexide was met ; and 
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an opppali'on, delicate and complex, even as a laboratory process, made available on 
an industrial scale. Those who had only seen murexide adorning as a rarity the 
shelves of a museum, might well be astonished when they found it by hundredweights 
in the market, nearly equalling in purity the laboratory product itself, and sold at a 
price almost incredibly low. 

The reporter had the good fortune to be a student in Professor Liebig’s laboratory 
at the time, when, together with Professor Wohler, ho carried on those researches up)n 
uric acid which became celebrated for the brilliant light they threw upon the nature 
and composition of murexide. He has thus had many opportunities of witnessing the 
difficulties which arose in the preparation of the substance ; and ho can record, us ho 
shared, the triumph which the whole laboratory felt when a few grammes of it were 
first obtained in a state of purity. 

Murexide has the formula C"H*N®0", and has been considered by some as pur- 
purate of ammonium. The acid of this salt cannot, however, be isolated. As soon as 
it is set free by moans of a stronger acid, it is immediately decomposed into other 
products, murexan, alloxan, &c. 

Preparation of Murexide . — The preparation of murexide involves two distinct 
operations, viz.: — 1. The extraction and purification of uric acid. 2. The transfor- 
mation of uric acid into murexide. 

Sources of Uric Acid . — Uric acid is found in the excrements of serpents and birds, 
and in guano, as urate of ammonium. The excrements of serpents contain almost 
pure uric acid, partly combined with ammonium, partly free. The supply of these 
materials is, however, too limited to servo for any other than laboratory experiments. 

Almost all the uric acid used in the arts is derived from guano. According to the 
process patented by Mr. Brooman, the guano is extracted by means of hot dilute 
hydrochloric acid, which dissolves out the carbonates, oxalates, and phosphates of 
ammonium, calcium, magnesium, &c. The insoluble residue consists of uric acid, 
mixed with sand, clay, sulphate of calcium, albumen, mucus, &c. It is treated with 
fresh quantities of hot hydrochloric acid, washed, drained, and dried. It may then 
be employed directly for the preparation of murexide. 

But if a purer uric acid bo required, it may bo obtained by dissolving the crude acid 
in a boiling solution of dilute caustic potash, and precipitating the clear solution with 
an acid. The uric acid is thus obtained almost pure, and may be filtered, washed, 
and dried. 

The uric acid can also be dissolved in rather concentrated sulphuric acid, heated to 
60'’ to 80° C., and then precipitated by the addition of water, filtered, washed, and 
dried. 100 parts of good guano yield from two and a half to three parts of uric acid. 

Transformation of Uric Acid into Murexide , — For this purpose the uric acid is first 
dissolved in cold nitric acid, which is placed, for this purpose, in earthenware pots of 
from four to five litres capacity, and has the uric acid gradually added to it in small 
(piantitios ; each portion being allowed to dissolve entirely before a fresh quantity is 
introduced. ^ ^ 

This operation takes from ten to twelve hours, and yields a dark brown liquid, 
consisting chiefly of nitrate of urea, alloxan, and alloxantine. These last two substances 
frequently form a crystalline crust on the surface of the liquid, and their simultaneous 
presence forms one of the most favourable conditions for the abundant formation of 
murexide. 

The liquid thus obtained is treated in one or other of the two following modes : — 

1. When it is desired to obtain purpurateof sodium, it is simply diluted with water, 
mixed with carbonate of sodium, and heated. 

2. When, on the other hand, purpurate of ammonium, or murexide is required, 
carbonate of ammonium is tidded. 

The liquid thus obtained is evaporated in glazed vessels of considerable size, care 
being taken not to raise the temperature beyond 80° C., and not to operate upon too 
much liquid at one time. In proportion as the liquid becomes more concentrated and 
pasty, ammonia, set free by the decomposition of the nitrate of urea or urea alone, 
reacts in its nascent condition, upon the alloxan and alloxantine, and forms murexide, 
\yliich appears on cooling as a brownish-red or violet substance, sometimes of a greenish 
tint. ^ This constitutes the purple carmine of Mr. Brooman. ^ , 

It is, however, better to employ ammonia, or its carbonate, added in small quantities 
at a time to the nitric solution, till the acid liquid is neutral or slightly alkaline, which 
reaction it should permanently retain. This liquid is then heated to about 60® to 77® 
C., and yields, on cooling, crystals of murexide. The mother-liquid is again boated 
with small quantities of ammonia and cooled ; when a fresh crop of crystals of murexide 
is obtained. 

Crystallised Murexide.— iyw:iiig the last few years the dyers and printers hare 
gradually abandoned the use of pastes of murexide, in order to employ it solely in the 
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Ibctft of Tho manofacttire of the latter has been brought to such perfection 

tJiat, ciTStallifled in the shape of magnificent needles, exquisitely beautiful and pure, it 
has come into commerce at very reduced prices. 

of the Manxfacture. — We may form an idea of the extent of this manu- 
facture, at a time when it had reached its culminating point, from a statement made 
by MeMra. Schunck, Angus Smith, and Eoscoe, that the weekly yield of muroxide of 
one factory only — that of Mr. Rumney of Manchester — amounted to no loss than 
twelve cwts., a quantity in the production of which, it is asserted, about twelve tons 
of gjuano were consumed. The cost of murexide in paste wtis originally 305 . per lb., 
hut it has gradually fallen to half that price. 

leopurpurate of Ammonium, — ^According to a private communication from M, E. 
Kopp, the isopurpurato of ammonium of M. Hlasiwetz, a product obtoined by tho 
reaction of cyanide of potassium upon picric acid, is not only isomeric but identical 
with the murexide obtained from uric acid. M. Kopp bases his opinion upon the 
fact that in dyeing wool and silk with murexide the same processes are requisite, and 
give the same results, whether the murexide emplo3*ed ho prepared from picric acid 
or from uric acid. ‘The dyed stuffs thus produced exhibit no gi’cater difiPorences of 
hue than may be observed in fabrics d^’ed by means of aniline reds of different j^re- 
parations. The manufacture of murexide by moans of picric acid and cyanide of 
potassium is extremely simple. To a hot saturated solution of the cy^anide is added 
a solution of picric acid (one part dissolved in seven or eight parts of boiling water), 
and the mixture allowed to boil for some time. On cooling it deposits a crystalline 
mass consisting chiefly of impure purpurate of potassium. By filtering and squeezing 
through linen, redissolving the crystalline mass in hot water, and adding airbonato 
of potassium to the filtrate, the salt is reprecipitated : purpurate of potassium is thus 
obtained, this salt being but slightly soluble in the alkaline liquid. This precipitate 
is filtered ofl^ pressed and redissolved in hot water; sal-ammoniac is then added, 
and on cooling, beautiful cry^stals of murexide are obtained. 

Murtxide Dyeing and Printing. — Tlie first conception of tl)e industrial applicvition 
of murexide appears to belong to Dr. Saac, formerly of Wesserling, Haiit Khin, now 
of Barcelona ; tho processes for dyeing wool and silk by murexide is duo to IVI. 
Depouilly; tlie methods for printing with this material upon cotton were devised by 
M. Ch. Lauth, who employs as mordants chiefly the salts of mercury, lead, and zinc. 

In order to dye silk purple, sepaxate aqueous solutions of murexide and of corre^sivo 
sublimate are prepared, containing respectively about five per cent, of colouring 
matter and of salt. The solution of murexide is mixed in the cold with a certain 
quantity of the sublimate, and the mixture is acidulated with nitric acid. In this 
cold bath the silk is agitated until the desired shade of colour lias been produced. 
Subsequent immersion in a sublimate bath conbiini ng three per cent, of the salt, 
Imparts to the colour its characteristic freshness and brilli,'in(‘y ; qualities in which 
it remained without a rival until eclipsed by the still more brilliant and more easily- 
prepared aniline colours. 

In order to dye silk of a brilliant yellow, a salt of zinc is substituted for the salt of 
mercury, the rest of the process remaining the same. When the fabrics of silk have 
been dyed, they are passed through water rendered very slightly alkaline by means 
of a little carbonate of sodium, after W'hich they .are washetl. 

Wool may be dyed wdth murexide in different w’ays, either by using the corrosive- 
sublimate bath first and then applying the murexide ; or, by first immersing the 
fiibric in the murexide bath, and aflc^rwards fixing the colour, by passing tlie web 
t<hrough water and a hot bath of corrosive sublimaU? to which a little acetate (»f 
sodium has been added. Sometimes a certain quantity of nitrate of lead is added to 
the murexide bath, in order to facilitate the fixing of the colouring-matter. 

In Older to produce rose-coloured or purple tints by murexide upon cotton, nitrate 
of lead and murexide are dissolved together in water. 

The printed cloth is first suspendea in a damp room, tlien introduced into a room 
pervad^ by a slight ammoniacal atmosphere, which assists in fixing the purpurate 
of lead ; and lastly, passed through a corrosive-sublimate bath, containing one and a 
half per cent of sal^ to fix the colour firmly on the fabric. This process may be 
conducted in various ways, but must always be based upon the employment of nilruto 
of lead and eoROsive sublimate. 

The mnraxida colonrs are very fresh and brilliant, and may bo exposed to tho light 
withofut fiiding. They are, however, excessively sensitive to the action of sulphurous 
acid, which tamiriies and discolours them with extreme rapidity. This drawlmck 
becoines very serious in places where the use of gas has become general ; since in the 
oombustaQii of even well-purified coal-gas there is always enough sulphurous acid 
fmeiated to act xtjpom Mocb dved with murexide. 
dlthoi^ tho mauiifactaio of murexido has dwindled to a mere shadow of what it 
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was a few years since, its early career will always be remembered as one of the most 
interestinfl: and instructive episodes in the chemical history of colouring-matters. 

MUKXdAiTSS were, till the great chemical era of Sir il. Davy’s researches upon 
chlorine, considered to be compounds of an undecompounded acid, the muriatic, with 
the different bases ; but he proved them to bo in reality compounds of chlorine with 
the metals. They are all, however, still known in commerce by their Ibrmer appella- 
tion. The only muriates much used in the manufactures are muriate of ammonia, or 
Sal-Ammoniac ; and muriate of tin, for which see Calico-Phinting and Tin. 

MXnUATZC ACZX>. See Htdrochlobic Acid. 

nCUSACZLB. The Plantain family. See Banana. 

BKVSCABlSZi WZIVZS. A rich wine of Languedoc. See Wine. 

nZCrscoVABA. The unrefined brown sugar of commerce. See StroAn. 

MV8COVZTB OZhASS. Mica is sometimes so called. See Mica. 

KVSX {Muse, Fr. ; Moschits, Ger.) is a peculiar aromatic substance found in a 
sac between the navel and the parts of generation of a small male quadruped of the 
deer kind, called by Linnaeus Moschus moschiferus, which inhabits Tonquin and Thibet. 
The colour of musk is blackish-brown ; it is lumpy or granular, somewhat like dried 
blood, with which substance, indeed, it is often iidulteratcd. The intensity of its smell 
is almost the only criterion of its genuineness. When thoroughly dried it becomes 
nearly scentless ,* but it recovers its odour when slightly moistened with water of am- 
monia. The Tonquin musk is most esteemed. It comes to us in small bags covered 
with a reddish-brown hair j the bag of the Thibet musk is covered with a silver-grey 
liair. 

The musk deer, from the male of whidi animal species the bag containing this 
valuable drug is obtained, is a native of the mountainous Kirgesian and Langoriun 
steppes of the Altai, on the river Irtish, extending eastwards as fiir as the river Yenesei 
and Lake Baikal ; and generally of the mounUiins of Eastern Asia, between 30° and 
60° of N. lat. There are three kinds of musk known in the London market, which 
is in trutli the great centre of the musk trade. The Cabardieu, or Busdan musk, 
which is rarely, if ever, adulterated; from its poor fragrance, however, it does nut 
fetch more than 8.9. an ounce in the pod. The Assam musk is next in quality ; it is 
very strong, but has a rank smell ; the pods are very large and irregular in shape, 
their average value is about 20s. an ounce. The Tonquin or Chinese musk yields tlio 
kind mostly prized by the perfumer ; it is more adulterated than either of the former 
named, but nevertheless realises at public auction an average of 30s. an ounce in the 
pod. 

BZirSXiZN’ is a fine cotton fabric, which is worn either white, dyed, or printed. 

To render it and other fabrics non~infiammahle. This very important inquiry was 
committed by Professor Graham, at the desire of Her Majesty, to the care of Dr. 
Opjmnheira and Mr. hVederick Versmann, from whose report the following important 
conclusions have been abstracted. After naming many salts found to bo useless or 
nearly so, they proceed : — ‘ With regard to sulphate of ammonia, the cheapest salt of 
ammonia, a solution containing 7 per cent, of the crystals, or 6*2 per cent, of anhy- 
drous salt, is a perfect anti -flammable. In 1839, the Bavarian Embassy at Paris caused 
M. Chevalier to make experiments before them with a mixture of borax and sulphate 
of ammonia, as recommended by Chevalier, in preference to the sulphate alone. He 
thought the sulphate would lose part of its ammonia, and thereby give rise to the 
action of sulphuric acid upon the fabric. The authors say that they now have kept 
for six months whole pieces of muslin prepared in various ways wth this salt, some 
having been even ironed ; but c;innot find that the texture was in the least degree 
weakened. Chevalier’s mixture, on the contrary, became injurious to the fabric, not 
only at temperatures above 212°, but even at summer heat; and this can easily bo 
explained, because he did not actually apply sulphate of ammonia and borax, but 
biborate of ammonia and sulphate of soda,’ 

Another drawback of Chevalier’s mixture is the roughness which it gives to the 
fabric*, and which could only be overcomo by calendering the pieces, while sulphate 
of ammonia by itself has not this effect. The use of this salt must therefore be strongly 
recommended. Of all the salts experimented upon, only four appear to be applicable 
for light fabrics. Those salts are — 1. Phosphate of ammonia. 2. The mixture 
of phosphate of ammonia and chloride of ammouium. 3. Sulphate of ammonia. 
4. Tungstate of soda. 

The sulphate of ammonia is by far the cheapest and the most efficacious salt, and 
it was therefore tried on a large scale. Whole pieces of muslin (eight to sixteen yards 
long) were finished, and then dip^ into a solution contoininp; 10 per cent, of the 
salt, and dried in the hydro-extiaSor. This was done with printed muslins, as well 
as with white ones, and none of the colour gave way, with the sole exception of 
madder purple, which became pale. But even this change might be avoided, if caze 
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be tmken DOt to expose the piece while wet to a higher than ordinary temperature. 
JlCoBt of these expenmente were made at the works of Mr. Crum and of Mr. Cochran. 
15ie pieces had a good finish, and some of them were afterwards submitted to Her 
Migesty far inspection, who was pleased to express her satisfaction. 


Table ehowing the smallest percentage of Salts required in Solution^ for rendering 
Muslin N<m*lnflammable ; A, of Crystallised ; B, oj Anhydrous Salts, Twelve square 
wohes of the Mudin employed weighed 33*4 grains. 


Name of Balts 

A 

u 

Remarks 

Caustic soda 

8 

6*2 


Carbonate of soda 

27 

10 

Slnjuriotis to the fabrics. 

Carbonate of potash 

12*6 

10 

Bicarbonate of soda . 

G 

6*4 

/Not sufficiently efficacious; too 
volatile. 

Borax «... 

2d 

13-2 

/I)estro 3 *s the fabrics above 212® 

\ Fahr. 

Silicate of soda . 


15*5 

1 Injures the appearance of the 

1 fabrics. 

Phosphate of soda 

80 

32 

Not sufficiently efficacious. 

Sulphate of soda . 


... 

/A concentrated 72 p. c. solution is 
\ insufficient 

Bisulphate of soda 

Sulplute of soda . 

20 

25 

18-5 

10-3 

j- Destroys the fabrics. 

r Bccommended on account of its heivg 
s the only salt not interfering with 

Tungstate of soda . . j 

20 

IG 



L the ironing of the fabrics. 

Stannate of soda . . . ! 

20 

15-9 

Injurious. 

Chloride of sodium . . 

... 

... 1 

1 Concentrated solutions are insuffi- 

Chloride of potassium . 


... 

J cient. 

Cyanide of potassium . 


10 

Poisonous. 

Sesquicarbonato of ammonia 
Oxalate of ammonia . 



j* Not available. 

Biborate of ammonia . 

6 

3*0 

Destroj’s the fabrics above 212®. 

Phosphate of ammonia . j 


! 

Efficient but expensive. 

Phosp. of ammonia and soda i 

Id : 

9*8 

fExponsive aud scarcely sufficienllj^ 

\ efficacious. 

i 

Sulphate of ammonia . . j 

7 

62 

/ Very efficient, and recommended on 
\ account of its low price. 

Sulphite of ammonia . 

}{} 

9 

Deliquescent. 

Chloride of ammonium . ' 


25 

Not sufficiently efficacious. 

Iodide of ammonium . 

... i 

5 

Bromide of ammonium . \ 

j 

5 

!> Too expensive. 

Urea ; 

! 

40 

Thouret’s mixture . . \ 

... 

12 

Efficient, but expensive. 

Chloride of barium . . | 

... 

50 

Not sufficiently efficacious. 

Chloride of calcium . . | 

10-7 

10 

Deliquescent. 

Sulphate of magnesia , 

:>() 

24*3 

Not sufficiently efficacious. 

Sulphate of alumina . . j 

Id 

7’7 

Destroys the fabrics. 

Potash-alum . . > 

Ammonia-alum . . | 

o3 

25 

i 18 

13 

I Not efficacious enough, and destroys 
/ the fabric. 

Sulphate of iron . . | 

54 

28*8 

Not sufficiently efficacious. 

Sulphate of copper . . { 

Stilphate of sine • . ! 

18 

20 

1 11*2 

1 Poisonous. 

Chloride of zinc . . . j 

8 

I 5*8 

Deliquescent. 

Protochloride of tin . 

5 

, 4*6 

Deliquescent. 

Protoehloride of tin and am- 

\ 5 

1 

47 

/Becomes yellow when exposed to 

monium • ' . • 

J ® 

\ the air. 

Pinksalt «... 


7 

Injures the fabric. 


Hr. Gnai, iHio prepared some dres^ with phosphate and some with sulphate of 
ammonia, axrllred at the result, that) with the phosphate, the finish is chalky, and not 
ttansperent enoi^j^ whereas the finish with the sulphate is successful. 

Xhmng the space of six months none of the fabrics prepared with sulphate of 
MUBonia dbaagM either in colour or in texture; it may therefore be considere^^i 
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AB an established fact that the sulphate of ammonia may be most adyantageouBly 
applied in the finishing of muslins and similar highly inflammable fabrics. 

The authors felt, however, the necessity of inquiring further into the effect which 
ironing would have upon fabrics thus prepared; for all tho above-mentioned salts, 
being soluble in water, require to be renewed after tho prepared fabrics have been 
washed. 

Now', the sulphate of ammonia does not interfere with tho ironing so much as other 
salts do, because a comparatively small portion is required ; but still, the difficulty is 
unpleasant, and sometimes a prepared piece, after being irom^d, sliow'od brown spots 
like iron-moulds. On covering tho iron with plates of zinc or brass, these spots did 
not appear ; but tho difficulty still existed, and a white precipitate covering the plate 
showed evidently that it is the volatile nature of the salt which interferes with the 
process An attempt to counteract this action of the salt, by adding wax and similar 
substances to the starch, remained also without any result. 

For all laundry purposes the tungstate of soda only can be recommended. This 
salt offers only one difficulty, viz., the formation of a Idtungstate, of little solubility, 
which crystallises from tlio solution. To obtain a constant solution this inconvenience 
must bo surmounted ; and it w'as found that not only pho.sphoric acid, in very smail 
proportion, keeps the s(jlution in its original state, but that a small percentage of 
phosphate of soda has the same effect. 

The best way of preparing a. solution of minimum strength is as follows : — A con- 
centrated neutral solution of tungstate of soda is diluted with water to 28° Twaddle, 
and then mixed with 3 per cent, of phosphate of soda. This sf)lution was found to 
keep, and to answer well ; it lias been introduced into Her Majesty's laundry, where 
it is constantly being used. 

The effects of the soluble salts having boon thus compared, a few remarks are nece.s- 
sary respecting tho inoauH wdiich may lx? adopted permanently to fix anti-fiammablo 
expedients, so that the substances prepared may be wotted without losing the property 
of being non-inflammable. 

Belying upon the property of alumina as a mordant, wo tried the combination of 
oy.ide of zinc and alumina, obtained by mixing solutions of oxide of zinc in ammonia 
and of alumina in caustic soda ; but, although this precipitate protects the fibre, it 
does not adhere to it when washed. 

The oxychloride of antimony, obtained by precipitation from an acid solution of 
chloride of antimony by water mixed only with a little ammonia, is a good anti-flam- 
mable, and it withstands the action of w'atcr, but not that of soap and soda. It was 
not found that the solution of this and other salts in muriatic acid injured the texture 
of the fabric as long as this was dried at an ordinary temperature. 

The borate and pliosphalo of protoxide of tin act effectually, if precipitated in the 
fibre from coiicciit rated solutions of these salts in muriatic acid by ammonia ; they 
wifhstiind tho influence of washing, and give a yellow tinge to the fabrics. 

Tho same remarks apply to arsenate of tin. Tho stannates of lime and zinc pro- 
tect the fabric, but do not withstand the action of soup or soda. 

The oxides of tin give a favourable result, inasmuch as they really can be per- 
niaiu.utly fixed ; tho yellow tinge, however, which they impart to the fabrics will 
always confine their application to coarse substances, such as canvas, sail-cloth, or ropes. 

The canvas tlius prepared must bo dried and then washed, to remove tlie excess of 
jirecipibitc. Salt-wat(;r docs not remove the tin from the Ciinvas. 

A piece about 40 yards in length has been prepared by order of the Storekeeper- 
noneral of tho Royal Navy ; but it was found to have lost in strength, and increased 
in weight too much to allow of its application. 

These experiments, however, being the first successful attempts permanently to fix 
some auti-flammablo agents, may have some interest, although they leiive but little 
hope that the result of fixing anti-fiammablo expedients will ever be obtoined without 
injuring the fabrics. 

By determining the comparative value, and ascertaining tho difficulties which have 
I'revcnted, till now, the general use of protecting agents, tho authors were led to 
e.veludo a iiuml)er of salts hitherto proposed, and to advocate tho adoprion of sul- 
phate of ammonia, and of tungstate of socbi, iu manufactories of light fabrics, and 
in laundries. 

They hope, therefore, that tlie general introduction of these salts will soon greatly 
reduce danger and loss of life through fire. 

MUSSl!Xi.BAXrD. 'I'idn slielly bands occurring in the coal-measures are called 
by the miners mussel-band, or mussel-bind. 

MITST is the sweet juice of the grape, 

PAAT. Hibh'cus camutbhtus. A vegetable fibre, much used in Asia, 

bee FipRKs, 
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mWABO. (Moutarde, Fr. ; Sen/, Ger.) Tho Sinapis nigra, or common black 
moBtaidf is the plant which yields the well-known seed used us a condiment to food. 
Flour of mustard is prepared as follows : — The seeds of black and white mustard are 
first crushed between rollers and then pounded in mortars. The pounded seeds are 
then sifted. The residue in the sieves is called dressings^ and what passes through is 
the impure flour of mustard, which by a second sifting yields the jpure flour. Common 
mustard is adulterated with wheat-flour, and coloured with turmeric, being rendered 
hot by pod-pepper. 

Mustard consists of 

Myronio acid, an inodorous, non-volatile, bitter, non-crystalUsable acid. 

Jdproa^, a substance in many respects analogous to vegetable-albumen. 

Stnapisins, white, brilliant, micaceous, volatile crj'stals. 

OH of Mustard, — Volatile oil of mustard is colourless or pale yellow ; it has a 
penetrating odour, and a most acrid burning taste. It is represented by the formula 

BOWKS'). 

Fiaced Oil of Mustard.— This constitutes 2S per cent, of the seeds. It has a faint 
odour of mustard, and a mild oily taste. 

M. Lenormand gives the following prescription for preparing mustard for the table. 
This is usually termed French mustard 

With 2 lbs. of very fine flour of mustard, mix J an ounce of each of the following 
fresh plants : parslej’, chervil, celery, and taragon ; along with a clove of garlic, and 
12 salt anchovies, all well minced. The whole is to be triturated with the flour of 
mustard till the mixture becomes uniform. A little grape-must or sugar is to be 
jvdded to give the requisite sw'eetness ; then 1 ounce of salt, with sufficient water to 
form a thinnish paste by rubbing in a mortar. With this paste the mustard-pots 
being nearly filled, a red-hot poker is thrust dow'ii into the contents of each, which re- 
moves (it is said) some of tlie acrimony of the mustard, and evaporates a little water, 
so as to make room for pouring a little virieg.ir upon the suriace of the paste. Such 
table-mustard not only keepte perfectly wxdl, but improves with ago. 

MUBT AMD on. See Oils. 

mrTAoa is a process used in the south of Franco to arrest the progress of 
fermentation in the must of the grape, it consists either in diffusing sulphurous 
Jicid, from burning sulphur matches, in the cask containing tho must, or in adding 
a little sulphide (not sulphate) of lime to it. The last is the best process. See 
Fermehtatiox. 

BBUTTOW BVBT is much used in leather manufactories for tallowing liidcs. 
Its composition is : carbon 78 996, hydrogen 11 -700, oxygen 9‘304. 

WmtZCZSns is a vegetable principle which constitutes from 20 to 30 per cent, 
of the weight of bees’ -wax, being tho residuum from tlie solvent action of alcohol 
upon that substance. It is a greyish-white solid, which may be vaporised almost 
without alteration. 

mnUtB is a gum-resin, which occurs in tears of different sizes ; they are reddish- 
brown, semi-transparent, brittle, of a shining fracture, appear as if greasy under the 
pestle; they have a very acrid and bitter taste, and a strong, not disagreeable, smell. 
Notwithstanding the early knowledge of, and acquaintance with the use of myrrh, 
we had no accurate account of the tree w'hich yields it until the return of Ehreuberg 
from his travels with Heiufrich during 1820-25, in various parts of Africa and Asia. 
He brought with him a specimen of the tree, which had been described and figured 
by Neesvon Esonbeck under the name of Balsamodendron myrrha. The plant is first 
noticed by Alexander Humboldt in 1826. — Pereira. 

Myrrh is of three qualities : — The first quality, Turkey myrrh, occurs in pieces of 
irregular form and of various sizes, consisting of tears, usually covered with a fine 
pouter or dust. The second quality, East India myrrh, is imported from the ICast 
Indies in chests ; it consists of distinct tears or grains, wiiich are rounded or irregular, 
and vary in sixe from that of a pin’s head to a pepper corn. The third quality is also 
Bast India fayrrh, but it occurs in pieces of a dark colour, and whose average size is 
that of a walnut. 

Myrrh flows from the incisions of a tree which grows at Gison, on the borders of 
Arabia Felix. The tree figured by Humboldt is considered by Lindley as identiciil 
with the Amgris Xatqfof Forsk&l. It consists of resin and gum in proportions stated 
by Pelletier at 81 of the farmer and 66 of the latter ; but by Braconiiot, at 23 and 77. 
It is used only in medicine. 
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VJkCAMLT is a term derived from tlio Spanish word mcar, which signifies mother- 
of-pearl ; and is applied to a pale rod colour, with an orange cast. The Nacarat of 
Portugal, or Bezetia, is a crape or fine linen fahric, dyed fugitivcly of the above tint, 
which ladies rub upon their countenances to give them a roseate hue. The Turks of 
Constantinople manufacture tlio briglitest red crjiptjs of this kind. 

STjOLCRSOIXS. {Nacre, Fr.) A term applied to shells and minerals which have a 
pearly or iridescent'lustre. 

XTAOTAOXTS. A native telluride of lead containing gold, silver, and copper. 
XTAXXiS, MAJnrrACTVRfi or. (aoit, Vr.; Nagel, Ger.) The forging of 
nails was till of late years a handicraft operation, and therefore belonged to a book of 
trades rather than to a dictionary of arts. ]>nt several combinations of machinery 
have been recently employed, nndcr the protection of patents, for making these useful 
implements, with, little or no aid of the luiman hand ; and these deserve to be noticed, 
on account both of their ingenuity and importance. 

As nails are objects of prodigious consumption in building their block-houses, the 
citizens of the United States very early turned their mechanical genius to good account 
ill the construction of various machines for making them. So long since as the year 
1810, it appears the Americans possessed a machine which performed the cutting and 
heading at one operation, with such rapidity that it could turn out upwards of 100 
nails per minute. ‘ Twenty years ago,* say.s the secretary of the State of JVIas.sa- 
chusetts, ‘ some men, then unknown, and then in obscurity, began by cutting slices 
out of old hoops, and, by a common vice griping these pieces, headed them with 
several strokes of the hammer. Jly progressive improvements slitting-mills were 
built, and the shears and the heading tools were perfected ; yet much labour and 
expense wore requisite to make nails. In a little time Jacob Perkins, Jonathan Ellis, 
and a few others, put into execution the thought of cutting and of heading nails by 
w;i tor-power ; but, being more intent upon their machinery than upon their pecuniary 
jiffairs, they were unable to prosecute the business. At different times other men 
liave spent fortunes in improvements, and it may bo said with truth that more than 
one million of dollars has been expended; but at length these joint efforts are 
crowned with complete success, and wo are now able to manufacture, at about one- 
third of the expense that wrought nails can be manufactured for, nails which are 
superior to them for at least three-fourths of the purposes to which nails are applied, 
and for most of those purposes they are full as good. The machines made use of hy 
Ordiorne, those invented by Jonathan Ellis, and a few others, present very fine 
spoeiincns of American genius. 

‘ To northern carpenters it is W'ell known that in almost all instances it is unneces- 
sary to boro a hole before driving a cut nail ; all that is requisite is, to place the cutting 
edge of the nail across the grain of the wood ; it is also true that cut nails will hold 
in tlie wood. Tlieso qualities are, in some rough building works, W’orth twenty 
JK.T cent, of the value of the article, wdiich is equal to the whole expoiiso of manufiKr- 
liiring. For sheatliiiig and drawing, cut nails are full as good as wrought nails ; only 
in one respect are the best wrought nails a little superior to cut nails, and that is W'hcro 
it is necessary they should bo clenched. The manufacture of cut nails was born in 
our country, and has advanced, within its bosom, througli all the various stages of 
infancy to manhood ; and no doubt we shall soon be able, by receiving proper en- 
couragement, to render them superior to wrought nails in every particular. 

‘ The principal business of rolling and slitting-mills is rolling nail plates ; they also 
servo to make nail rods, hoops, tires, slieet iron and sheet copper. In this State wo 
have not less than twelve. 

‘ These mills could roll and slit 7,000 tons of iron a year ; they now, it is presumed, 
roll and slit each year about 3,600 tons, 2,400 tons of which, probably, are cut up into 
nails and brads, of such a quality that they are good substitutes for hammered nails, and 
ill lact, have the preference w'ith most people, for the following reasons ; viz. on account 
of the sharp corner and true taper with which cut nails are formed ; they may be driven 
into harder wood without bending or breaking, or hazard of splitting the wood, by 
which the labour of boring is saved, the nail one way being of the same breadth or 
thickness from liead to point.’ 

Since the year 1820, numerous patents have been taken out in this country for the 
manufacture of nails by machinery. A few only of these can be noticed. 

The first nail apparatus to which wo shall advert is due to Dr. Church ; it was 
patented by Mr. Thomas Tyndall, of Birmingham, in December 1827. It con^ts 
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of two parU : the first is a mode of forming nails, and the shafts of screws, by pinching 
or pressing ignited rods of iron between indented rollers ; the second produces the 
threads on the shafts of the screws previously pressed. The metollic rods, by being 
passed between a pair of rollers, are rudely shaped, and then cut asunder between u 
pair of shears ; after which they are pointed and headed, or otherwise brought to their 
finished forms, by the agency of dies placed in a revolving cylinder. The sever^jl 
parts of the mechanism are worked by toothed wheels, cams, iiud lovers. The second 
part of Dr. Church’s invention consists of a incehfinisni for cutting the threads of 
screws to any degree of obliquity or form. 

Mr, Edward Hancorne, of Skinner Street, London, nail -manufacturer, obtained a 
patent in October 1828, for a nail-making machine, of which a brief description may 
give a conception of this kind of manufacture. Its principles are similar to those of 
Dr. Church’s more elaborate apparatus. 

The rods or bars having been prepared in the usual way, either T>y rolling or ham- 
mering, or by cutting from sheets or plates of iron, called slitting, are then to be made 
rod-hot, and in that state passed through the following machine, whereby they are at 
once cut into suitable lengths, pressed into wedge forms for pointing at the one end, 
iind stamped at the other end to produce the head. A longitudinal view of tlie 
luachine is shown in fy. 1544. A strong iron frame-work, of which one side is 
shown at a a, supports tlie whole of the mechanism, h is a table capable of sliding to 
and fro horizontally. Upon this table are the clamps, which lay liold of the sides of 
tlie rod as it advances ; as also the shears which cut tlie rod into nail-lengths. 

These clamps or liolders consist of a fixed piece and a moveable piece ; the latter 
being brought into action by a lever. The rod or bar of iron shown at c, having been 
made red-hot, is introduced into the machine by sliding it forward upon the table 5, 
when the table is in its most advanced position ; rotatory motion is then given to the 
crank-shaft d, by means of a band passing round the rigger pulley e, which causes the 
table 5 to be drawn back by the crank-rod/ ; and as the table recodes, tlie horizontal 
lover is acted upon, which closes the clamps. By these means the clamps take fast 
hold of the sides of the heated rod, and draw it forw’ard, when the moveable chap of 
the shears, also acted ujx)u by a lever, slides laterally, and cuts off the end of the rod 
held by the clamps : the piece thus separated is destined to form one nail. 


1644 



Suppose that the nail placed at g, having been thus brought into the machine and 
cut 00^ is held between clamps, which press it sideways (these clamps are not visible 
in this view) ; in this state it is ready to be headed and pointed. 

The header is a steel die A, which is to be pressed up against the end of the nail by 
a cam, % upon the crank-shaft; which cam at this period of the operation acts against 
the end of « rod forming a continuation of the die A, and forces up the die, thus 
compreeeing the metal into the shape of a nail-head. 

The pointing is performed by two rolling snail-pieces or spirals 1, 1. Those pieces 
are somewhat broader than the breadth of the nail ; tliey turn upon axles in tlie side 
ftauies. As the table b advances, the racks m, on the edge of this table, take into the 
toothed segments «, «, upon the axles of the spirals, and cause them to turn round. 

. Ihese epirals pinch the nail at first close under its head with V 017 little force ; but 
round, the longer radius of the spiral comes into operation upon the 
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nail, BO as to press its substance very strongly, and squeeze it into a wedge form. 
Thus the nail is completed, and is immediately discharged from the clamps or 
holders. The carriage is then moved again by the rotation of the crank-shaft, which 
brings another portion of the rod c, forward, cuts it off, and then forms it into a nail. 

Dr. William Church, February 1832, obtained a patent for improvements in 
machinery for making nails. These consist, first, in apparatus for forming rods, bars, 
or plates of iron, or other metals ; secondly, in apparatus for converting the rods, &c. 
into nails. The machinery consists of laminating rollers, and compressing dies. 

The method of forming the rods from which nails are to be made is very advan^ 
tageous. It consists in passing the bar or plate iron through pressing rollers, which 
have indentations upon the peripheries of one or both of them, so as to form the bar 
or plate into the required shape for the rods, which may bo afterwards separated into 
rods of any desired breadth, by common slitting-rollers. 

The principal object of rolling the rods into these wedge forms, is to measure out a 
quantity of metal duly proportioned to the required thickness or strength of the nail 
in its several parts ; which quantity corresponds to the indentations of the rollers. 

Thomas John Fuller patented an improved apparatus for making square-pointed, 
and also flat-pointed nails. His invention consisted of the application of vertical 
and horizontal hammers (mounted in his machine) combined for the purpose of 
tapering and forming the points of the nails ; which, being made to act alternately, 
resemble hand-work, and are therefore not so apt to injure the fibrous texture of tho 
iron, as tho rolling machinery is. He finishes the points by rollers. 

William Southwood Stocker introduced a machine apparently of American parent- 
age, as it has the same set of features as the old American mechanisms of Perkins, 
at the Britannia Hail Works, Birmingham, and all tho other American machines for 
pressing metal into the forms of nails, pins, screw-shafts, rivets, &c. ; for example, it 
possesses pressers or hammers for squeezing the rods of metal and forming the shanks, 
which are all worked by a robitory action ; cutters, for separating the appropriate 
lengths, and dies for forming the heads by compression, also actuated by revolving 
cams or cranks. 

Mr. Stocker intended, in fiict, to effect the same sorts of operations by automatic 
mechanisms as are usually performed by tho hand.s of a nail-maker with his hammer 
and anvil ; viz. tho shaping of a nail from a heated rod of iron, cutting it off at tho 
proper length, and then compressing the end of tho metal into tho form of the head. 
His machine may be said to consist of two parts, connected in the same frame ; the 
one for shaping the shank of the nail, tho other for cutting it off and heading it. The 
frame consists of a strong table to bear the machinery. Two pairs of hammers, 
formed as levers, tho one pair made to approach each other by horizontal movements, 
the other pair by vertical movements, are tho implements by wdiich a portion at tho 
end of a red-hot rod of iron is beaten or pressed into the wedge-like shape of the shaft 
of a nail. This having been done, and the rod T)eing st ill hot, is withdrawn from the 
boaters, and placed in the other part of tho machine, consisting of a pair of jaws like 
tlioso of a vice, ■which pinch the shank of the nail and hold it fast. A cutter upon 
the side of a wheel now comes round, and, by acting as the moving chap of a pair of 
shears, cuts tho nail off from the rod. Tho nail shank being still firmly held in tho 
jaws of the vice, with a portion of its end projecting outwards, the heading die is 
slidden laterally, until it comes opposite to the end of the nail ; the dye is then pro- 
jected forw'ard with great force, for the purpose of what is termed upsetting the metal 
at tho projecting end of tho nail, and thereby blocking out the head. 

A main shaft, driven by a band and rigger as usual, brings, as it revolves, a cum 
into operation upon a lever which carries a double inclined plane or wedge in its 
front or acting part. The wedge being by the rotatory cam projected forwards be- 
tween the tails of one of the pairs of hammers, causes the faces of these hammers to 
approach each other, and to beat or press the red-hot iron introduced between them, so 
as to flatten it upon two opposite sides. The rotatory cam passing round, the wedge- 
lever is relieved, when springs instantly throw back the hammers ; another cam and 
wedge-lever now bring the second pair of hammers to act upon the other two sides of 
the nail in a similar way. This is repeated several times, until the end of the red- 
hot iron rod, gradually advanced by the hands of the workmen, has assumed the 
desired form, that is, has received the bevel and point of the intended nail. 

The rod is then withdra'wm from between tho hammers, and in its heated state is 
introduced between the jaws of the holders, for cutting off and finishing the nail. A 
bevel pinion upon tho end of the main shaft takes into and drives a wheel upon a 
transverse-shaft, which carries a cam that works the lever of the holding-jaws. The 
end of the rod being so held in the jaws or vice, a cutter at the side of a wheel 
upon the transverse-shaft separates, as it revolves, the nail from the end of the rod, 
leaving the nail irmly held by the jaws. By means of a cam, the heading-die is 

VoL. m. an 
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BOW fUdden laterally opposite to the end of the nail in the holding-jairs, and, hy 
Mtother cam upon the main-shaft, the die is forced forward, which compresses the 
end of the nai^ and spreads out the nail into the form of a head. As the main- 
shaft continues to revolve, the cams pass away, and allow the spring to throw tlie 
jaws of the vice open, when the nails fall out ; but, to guard against the chance of a 
yiaVI stlckiug in the jaws, a picker is provided, which pushes the nail out as soon as it 
is finished. ^ ^ 

In <MFder to produce round shafts, as for screw blanks, bolts, or rivots,^ the faces of 
the hammers and the dies for heading must be made with suitable concavities, 

WAJfSKXlf is a peculiarly coloured cotton cloth, originally manufactured in the 
above-named ancient capital of China from a native cotton of a brown-yellow hue. 
Kiankin cloth has been long imitated in perfection by our own manufacturers ; and is 
now exported in considerable quantities from England to Canton, The following is 
the process for dyeing calico a nankin colour : — 

2. Take 300 lbs. of cotton -yam in hanks, being the quantity which four workmen 
can dye in a day. The yam for the warp may be about No. 27’s, and that for the 
weft 28’8 or 24’s. 

2. For alumina the quantity, take 10 lbs. of saturated alum free from iron (see 
Mobdant) ; divide this into two portions ; dissolve the first ly itself in hot water, so 
OB to form a solution of specific gravity 1° BeaumA The second portion is to bo 
reserved for the galling-bath. 

8. Galling is given with about 80 lbs. of oak-bark finely ground. This bark may 
serve for two quantities, if it be applied a little longer a second time. 

4. Take 30 lbs. of fresh slaked quicklime, and form with it a largo bath of lime- 

water. 

5. Ifitro-muriate of tin. — ^For the last bath 10 or 12 lbs. of solution of tin are used, 
which is prepared as follows : — 

Take 10 lbs. of strong nitric acid, and dilute with pure water till its specific gravity 
be 26^ BeaumA Dissolve in it 4,633 grains (10^ ounces avoird.) of sal-ammoniac 
and 3 ounces of nitre. Into this solvent, contained in a bottle set in cold water, intror 
duce successively, in very small portions, 28 ounces of gniiri-tiu granulated. This 
solution, when made, must be kept in a well -.stoppered bottle. 

Three coppers are required, one round, about 5 feet in diameter, and 32 inches 
deep, for scouring the cotton ; two rectongular coppers, tinned inside, each 6 feet 
long and 20 inches deep. Two boxes or cisterns of white wood are to be pro- 
vided, the one for the lime-water bath, and the other for the solution of tin, eacli 
about 7 feet long, 32 inches wide, and 14 inches deep; they are set upon a plat- 
form 28 inches high. In the middle, between these two chests, a plank is fixed, 
mounted with twenty-two pegs for wringing the hanks upon as they are taken out 
of the bath. 

6. Aluming. — After the cotton-yarn has been scoured witli water in tlio round 
copper, by being boiled in successive portions of 100 lbs., it must l>o winced in one id' 
tho square tinned coppers, containing 2 lbs. of alum dissolved in 96 gallons of water, 
at a temperature of 165° Fahr. It is to be then drained over tho copper, exposed for 
some time upon the grass, rinsed in clear wat^r, and wrung. 

7. The galling. — Having filled four-fifths of the second square copper with water, 
40 lbs. of ground oak-bark are to be introduced, tied up in a ]:)}ig of open canvas, and 
boiled for two hours. The bag being withdrawn, the cotton-yarn is to be w'inced 
through the boiling tan-bath for a quarter of an hour. While tlie yarn is set to drain 
above the bath, 28 ounces of alum are to be dissolved in it, and the yarn being once 
more winced through it for a quarter of an hour, is then taken out, drained, wrung, 
and exposed to tho air. It has now acquired a deep but rather dull ytdlowish colour, 
and is ready without washing for the next process. Bablah may be substituted for 
oak-bark with advantage. 

8. The liming. — ^Into the cistern filled with fresh-made lime-water, tho hanks of 
cotton-yarn suspended upon a series of wooden rods, are to be dij)ped freely three 
tunes in sapid snocession ; then each hank is to be separately moved by hand through 
^ lime-bath, till the desired carmclite shade appear. A weak soda-lye may be used 

instead of lime-water. 

8. The brightening is given by passing the above hanks after squeezing, rinsing, 
and airing tkem, through a dilute bath of solution of tin. The colour thus produced 
is said to resemble perfectly the nankin of China. 

Another kind of nankin colour is given by oxide of iron, precipitated upon the fibre 
ef the cloth feom a solution of the sulphate by a solution of soda. See Calico- 
PfilW TOQ. 

The term * naphtha * originally included all inflammable fluids pro- 
4h0id during the destructive distillation if organic substances, as well as the fluid 
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hydrocarbons which issue from the earth in certain parts of the world. In this way 
mineral burning-oil, when first introduced, was called Boghead or Bathgate naphtha ; 
but the term was objectionable, as it confounded the safe-burning oil with the explo- 
sive spirit which also is applied to different technical uses, and it is now completely 
in abeyance. The light spirit from shales and cannels are identical, being composed 
partly of the olefiant, partly of tho paraffin series, while earth-naphtha appears to 
belong to the latter series. Coal, caoutchouc, bones, wood, and peat, during destruc- 
tive distillation, first give off naphthas, which are distinguished by their lighter 
specific gravity when compared with tho later products from the still. But this is 
comparative ; for, while an ordinary shale-naphtha may have a density of about 
0*7d0, coal-naphtha has commercially a specific gravity of 0-850. 

A description of tho new methods of refining shale-oils and naphtha is given further 
on. (See Whales and Mineral Oils.) But the following description by Grevillo 
Williams of his early investigations on Boghead-naphtha (as all the light distillates 
from Torbanehiil mineral were at first designated) is classical. 

071 the CheiTtical Nature of the Fluid Hydrocarhons constituting Boghead- 

Naphtha, 

If, when preparing paraffin-oil from coal, tho crude oil is rectified with water, a 
clear transparent naphtha is obtained. This fluid, as found in commerce, is by no 
means of conshint quality. By quality we mean the power of distilling between given 
limits of temperature. Some kinds are of about tho same degree of volatility as com- 
mercial benzole, while others distil at nearly the same temperatures as common coal- 
naphtha. Tho hydrometer is not a safe guide in choosing this naphtha ; this arises 
from tho fact that photogons, of very different degrees of volatility, have almost the 
same densities. The safest plan is to put tho fluid into a retort, having a thermometer 
in the tubulature, and distil tho contents almost to dryness. The careful observation 
of the range of the mercurial column during the operation is tho best mode of ascer- 
tiiining the quality of the fluid. 

Tho more volatile portions which distil over with water are free from solid bodies, 
and consist of a mixture of fluids belonging to throe series of homologous hydro- 
carbons, namely, tho benzole series ; the olefiant gas, or C“H“ scries ; and the radicals 
of the alcohols. 

j\s no works on chemistry contain any directions for tho proximate separation of 
complex mixtures of hydrocarbous, the following description of the method adopted 
by the author of this article for tho separation of tho substances contained in Boghead- 
naphtha may bo useful. 

It is necessary, in the first place, to determine whether each substance is to bo 
obtained in a state of absolute purity, or whether it is merely desired to obtain 
tho various series distinct from each other. In the process given, it will bo supposed 
that the individual hydrocarbons .are required in a state of purity, because it is easy 
for tho operator to leave out any part of tho method which may bo unnecessary under 
tho particul.'ir circumstonces of tho case. The first step is to obt-iin constant boiling- 
points, for it must bo romornbored that if, when any organic fluid is subjected to 
distillation -with a thermometer in tho tubulotiiro of the retort or still, tho mercury 
continues to rise as tho fluid comes over, it is at once demonstrated that the substance 
distilling is not homogeneous. In order to obtain the fluids of constant boiling-point, 
it is essential to subject them to a complete series of fractional distillations. This is 
an operation involving great labour, so mucli so tliat, in investigating Boghead- 
naphtha, upwards of one thousaud distillations were mad.o before toleraJ )iy constant 
boiling-points were secured. In order to perform tho operation successfully, two 
series of bottles are required, one for the series being distilled, and tlio other for tho 
scries distilling. As many bottles are nece.ssary as tlioro are lO-degrco fr.ictions to 
be obtained. Thus, supposing the fluid, when first distilled, came over between 100^ 
and 200°, and it 1ms been determined to obtain lO-degreo fractions, tho receiver is to 
be changed for every 10® that tho mercury rises. Thus, 10 bottles will be required 
for tho fractions distilling, and tho samo number for tho fractions being distilled into. 
Tho operation will bo commenced by putting the original fluid (dried carefully with 
chloride of calcium or sticks of potash) into a retort capable of holding at least half 
as much more fluid as tho quantity inserted. Through the tubulature passes a pierced 
cork, supporting a thermometer, the lower end of w-liich should not dip into the fluid. 
To tho neck of the retort is adapted a good condensing arrangement, so placed 
that the bottles can be placed beneath the exit-pipe. All tho bottles^ having blank- 
paper labels attached, the distillation is to be commenced. The ffist signs of distilla- 
tion are to be watched for, but no fluid is to bo separately received as an individual 
fraction until boiling has commenced. As soon as it is found that the mercury indi- 
cates 10® more than the temperature at which the distillation commenced, the bottle 
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if to be cbftzigedi end so on &t every 10°, "When the whole fluid is distilled away, a 
fmaller retort is to be taken, capable of well holding each 10®-fraction, without fear 
of anything boiling over. Suppose the first fraction of the first distillation came over 
between 100° and 110°, it is to be placed in the retort, and the distillation carried on 
as befene. But it will, in almost every instance, be found that the boiling-point 
^11 have been reduced 80° or 40° by the removal of the fluids of higher boiling- 
point. Under any circumstances, however, the distillate is to be received in bottles, 
and labelled with the boiling-point and the number of the rectification. When all 
the first 10°-degree fraction has distilled away into the second series of bottles, the 
neact is to be operated on, and so on. By this means only two series of bottles are 
ever being usea at once, viz., the series being distilled, and the series being distill (id 
into. Many fluids may be obtained of steady boiling-point by 15 or IG rectifications, 
involving, in the case of 10 fractions in each series, at least 150 distillations. But 
most complex organic fluids, such as naphthas, have a much wider range of boiling- 
point than 100°, Boghead-naphtha, for example, commences at about 289° Falir., 
and rises above 600°. But in the second distillation, the first fraction, instead of dis- 
tilling at 289°, came over at 250°, the depression of l)oiling-point being nearly 40°. 
By proceeding in this manner six times, a fraction w’as obttiined boiling at 210°. 
when a 10°-fraction no longer splits up during distillation, that is to say, when it 
comes over almost between the same points at which it last distilled, it will be 
proper to commence the separation of the various substances present in each frac- 
tion. Before doing this, it is often adA’isable to make a f'w preliminary experi- 
ments, with the view of ascertaining the nature of the fluids present. The more 
volatile portions may be tested for benzole by converting them into aniline in the 
method given in the article Benzole. The simplest way of detecting the C*‘H“ 
series (homologous with olefiant gas; see ^OMOLOGot^s) will be by ascert^iining 
whether the naphtha is capable of decolourising weak bromine-w’ater. Supj^osing 
the preseuce of tht^o to have been demonstrated, the complete separation of tlio 
hydiJxiarbons may be effected as follows : — Four or five ounces of bromine are to 
be placed in a large flask, capable of being closed with a well-fitting stopper. About 
eight volumes of water are then added, and the naphtha of the most volatih^ fraction 
is to be poured in by very small portions, the contents of the flask being well shakiiii 
after each addition. 

By this mode of proceeding,' the dark colour of the bromine will gradually fade, 
and finally disappear. In order to insure a complete reaction, it is bettor at this 
stage to add a little more bromine, until the colour is permanent after shaking. A 
little mercury is now to be poured in, and agitated with the fluids in tlio flask, to 
remove all excess of bromine. The oily bromine-compound is now to bc^ .s( ])aratcd 
by means of a tap-funnel, from the mercury and water, and digested with chloride 
of calcium until every trace of w-ater is removed. The dry brominated oil is now to 
he distilled, when the radical and benzole series of hydrocarbons will distil away, 
leaving the brominated oil, which may then be distilled into a vessel by itself. 
The next step will be to sejiarate the radicals from the benzoic series. >"or this 
purpose long-necked assay-flasks are necessujy. Into one of these vessels, of 3 or 
4 ounces capacity, 2 drachms of nitric acid should lie jioured ; 1 drachm of the 
naphtha is then to be added by very small portions, the flask being kept cool by 
immersion in cold water. It is essential during the W'hole time to keep the flask 
in active motion, in order to bring the hydrocarbon and acid into close contact, and 
also to cool the contents. If this last precaution be neglected, a violent reaction w'ill 
occur, and cause the loss of the greater portion of the fluid. AVhen the whole of 
the drachm of acid has been added, and it is found that the temperature no longer 
rises on removing the flask from the cold water, the product is to be poured into a 
narrow and conical glass, and allowed to repose until the hydrocarbon, unacted on, 
rises to tbesurflsce in the form of a transparent brilliant green fluid. The fluid below 
is then to be removed by means of a pipette, furnished at the upper end with a hollow 
elastic ball of vulcanise caoutchouc. By this means suction with the lips becomes 
unnecessaiy, and the vapours of hyponitric acid are prevented from irritating the 
Innfls. The indififerent hydrocarbon— that is, the fluid unacted on by t ho acid— is as 
yet by no means pure ; it obstinately retains traces of the beuzole and- C>H“ series. 
It 38 , therefore, to be transferred to a flask furnished with a well -fitting stopper, and 
treated with nitric acid (specific gravity 1*6) a considerable number of times. This 
second treatment may, without any danger of any explosive reaction, be made upon 
one or two ounces of the partially-purified hydrocarbon. When it is found that the 
separated nitric arid no longer pr^uces milkiness on being thrown into water, it 
my be assumed that the benzole and OH“ class of hydrocarbons arc entirely ro- 
iWed. IfHxen the treatment with acid has been repeated a sufficiout number of 
the fimdis to be placed in a clean flask, and well agitated with a solution 
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of caustic potash, which will remove the nitrous vapours which are the cause of the 
groon colour. The purified hydrocarbon is then to be separated by a tap*funnel from 
the water, and dried by digestion with sticks of caustic polish. If it be desired to 
obtain the radical in a state of absolute purity, it must be distilled three or four times 
over metallic sodium. 

The indifferent hydrocarbons obtained by the above process are colourless mobile 
fluids, having an odour somewhat resembling the flowers of the white thorn. They 
arc very volatile, even at low temperatures, and have an average density of about 
0716. When the fractions with proper boiling-points have been selected, it will be 
found that they correspond in specific gravity, percentage composition, and vapour- 
density with the radicals of the alcohols, as will appear by the following Table, where 
the experimental results obtained by the author of this article in his examination of 
Boghead-naphtha are compared with the numbers found by other observers with the 
radicals obtained by treatment of tho hydriodic ethers by sodium, and also by the elec- 
trolysis of the fatty acids. 

Cemparative Table of the Physical Properties of the Alcohol Badicals^ as obtained from 
Boghead-Naphtha^ with those procured from other sources. 
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Butyle 
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C^H’ 
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o*mo 

0*70.'>7 
0*741 a 
0*7574 

0*6745 
0*GJ)45 
0*7365 , 
0*7568 ! 

0*7704 

4*053 

4*070 

4*956 

5*98:{ 

2*96 

3*88 

4*93 

5*83 

2*97 

3*94 

4*91 

5*87 


It has been said that the above hydrocarbons distilled away from the bromine- 
compound in company w'ith others which wxto removed by treatment with nitric acid. 
It was subsequently found that the products formed by tho action of the acid were 
iiitro-compounds belonging to tho benzole series. The bromine compound contains 
tho C“H“ series of hydrocarbons, tho individual members being determined by the 
boiling-point of tho fraction selected for experiment. If we select that portion 
boiling steadily between 160° and 170°, wo shall have a bromine-compound of the 
formula C''‘‘H‘‘“Br‘ ; but if the boiling-point of tho naphtha lies between 180° and 190° 
the bromine-compound will bo C‘*H*^Br-. It is exceedingly remarkable that if 
either of these subsUinces bo treated alternately with alcoholic potash and sodium, 
the original hydrocarbon is regoneruted. By the mode of operating indicated above, 
it is possible, therefore, to obtiiin two out of tho three series of hydrocarbons in a pure 
state. Tho third, namely, tho benzole series, must bo recognised by obtaining products 
of decomposition. 

The acids and bases accompanying the hydrocarbons in Boghead-naphtha have not 
been fully investigated ; it has, however, been ascertained that certain members of 
the phenole series of acids and pyridine class of bases are always present. The 
quantities present in the na})htha of commerce are small in consequence of the purifi- 
cation of the fluid by the agency of oil of vitriol, followed by a treatment with caustic 
soda. — C. G. W. 

WAVKTBA, BOMTB. Syn, Bono Oil ; Dippers Animal Oil. This fluid is procured 
in large quantities during the operation of distilling bones for the preparation of 
animal charcoal. The hydrocarbons of bone oil have not as yet been examined, but 
it has been found that the benzole series are present, accompanied by laz^e quantities 
of basic oils. Tho acid portions are also uiiinvestigated. The bases have been very 
fully studied by Dr. Anderson, who discovered in bone oil the presence of no less 
than ten bases, several of them being quite new. 

The odour of bone oil is exceedingly oflensive and difficult of removal. It does not 
arise entirely from the presence of tho powerfully-smelling^ basetf, for even after 
repeated treatment with concentrated acids it retains its repulsiveness. This is partly 
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^ piMonce of some tmknown neutral nitrogonous bodios. Wlicn a slip of 
wood IS moistened with hydrochloric acid aud held over a rcKsel of crude hone 
01^ It rap(uy acquires a deep crimson tint. This is in consequence of the presence of 
tne extnordin^ basic substance pyrrol. The latter, when in a crude state, possesses 
a most oisgriwting smell, so mucli so, that the offensiveness of bone oil was at one time 
mainly wtnbuted to its presence. It has, however, been diseovered that pyrrol 
Wien pOTectly pure has a most fragrant and delightful perfume, somewhat recfilling 
“ chlorofon^ but stiU more pleasing. 

The bwic portion of bone oil may be extracted by shaking it up with moderately 
strong oil of vitriol. This must be done with precaution, as large quantities of gases 
^^^sisting of carbonic acid, hydrosulphuric and hy(&ocyanic acids. The 
iluid permitted to repose separates into two layers, the upper being the purified 
solution of the bases. The latter being separated is to be 
dialled jotil about one-third has passed over. This distillate will contain the chief 
pyrrol. The head of the still is then to bo removed aud the fluid 
boiled for some time to remove the last trace. The acid solution, after filtration 
tnrougli charcoal, is to be supersaturated with lime and distilled. The distillate 
wntains file whole of the bases. The apparatus should bo so arranged that those 
bases which are excessively volatile, and consequently come over as gases, may be 
received in hydrochloric acid. Tlie hj’drochloric solution and the oily bases are to be 
exaimned separately. The former is to bo evaporated carefully to the crystallising 
point, and then allow^ to cool. By this means the ammonia may bo removed by 
ciystallisation as chloride of ammonium. 

^ When no more sal-ammoniac can be obtained by crystallisation, the mother-liquid 
IS to be treaty with potash, in an apparatus so arranged that any gaseous products 
evolved may be collected in hydrochloric acid. The retort must have a thermometer 
in tbe tubulature to enable the temperature to be properly regulated. All the bfisi^s 
^stilling below 212°, are to be received in hydrochloric acid, and their presence 
demonstrate by converting them into platinum salts, and fractionally crystallising. 
The bases distilling above 2l2°, are to be separated by fractional distillation. An 
examination of the hydrochloric solution will, according to Dr. Anderson, demonstrate 
rpu inethylamine, ethylamine, propylamine, butylamine, and amylamine. 

me tolioTnng table contains the names and physical properties of the bases which are 
coeined in that portion of the basic oil which distils above. 212°. The amylamine, 
and even the propylamine, can be separated from the basic oils, by fractional distilla- 
tion, instead of tile fractional cryetallisation of platinum salts, but tlie latter involves 
less labour. 


Table of the Physical Properties of the Pyridine Series of Bases > 


Base 

Formuke 

Boiling Point 


Vapour-Density 

Density at 32° 

Experi- 

ment 

Calcula- 

tion 

Pyridine 

Picoline 

Lutidino 

Collidine 

C“H’N 

C“‘H“N 

c<^H»sr 

C«B^K 

c'K^sr 

C8K»V 

242° 

276° 

310° 

366° 

0‘98o8 

0-9613 

0-9467 

0-9439 

2- 916 

3- 290 
3-839 

2- 734 

3- 214 

3- 699 

4- J37 


Bone oil will not become very valuable as a na]>htha for general purposes until 
?? removing its odour has been discovered. The Oleim animate 
of the older chemists and pharmaceutists was prepared by distilling bones ; it 
in properties to bone oil.— C. G. W. fe » 

%». Caoutehoucine ; Caoutchine. Caoutchouc, 
by deirtTOCtJve distdlation, yields several hydrocarbons, the accounts of which arc 
By related rectifications they may be separated into fluids of 
^ling-pointe. The late Dr, Gr^ory succeeded in obtaining a fluid hydro- 
carboo caoutchouc which distilled at 96°, but when treated with sulphuric acid, 
T? of water, another hydrocarbon was obtained boiling 

Jf however, that the true composition of caoutchoucine 

W net y<^ been a^e out This will appear by consulting the analyses yet made, 
of them indicating ^ low a hydrogen for the C«H“ series, and more 
ni ^ ^ )• quite plain, however, that caoutchine is, 

0^’ the best bolvento known 

fif G, W. Sm CAOUTCHOrCi 
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ITAPKTRAi CO Alia Ordinary coal-naphtha is the first product in the distillation 
of coal-tar. The latter is placed in large iron stills, holding from 800 to 1,600 gallons, 
and distilled by direct steam. The first distillate is about 860° S. G. When 960° 
S. G. is made, fill the naphtha or light oil is obtained. The distillate from 950° to 
1000° S. G. is the middle oil; above that to about 106° S. G. is the heavy oil. 

The residue obtained in the first distillation is run off into cisterns or Uit ponds to 
allow of the removal of the water. This residue is called boiled tar. Pitch oil may 
be obtained from it by distillation by the naked fire, every 1,000 gallons will yield 
about 320 gallons of pitch oil. The residue of pitch in the still is run out while in a 
melted state. The rough coal-naphtha contains a great number of impurities of 
various kinds ; the principal cause of the foul odour being the organic bases described 
in the article Naphtha, Bonk. To remove these the naphtha is transferred to large 
cylindrical vessels lined with lead. Those vessels contain a vertical axis passing 
down them, supporting blades of wood covered with lead, and pierced with holes. 
The axis or shaft has, at its upper end, a crank to enable it to be rotated. The naphtha 
ha\nng been run into the vessel, sulphuric acid is added, and the shaft with its blades 
made to revolve. By this means the naphtha and acid are brought into intimate 
contact. The whole is then allowed to settle, and the vitriol which has absorbed most 
of the impurities, and acquired, in consequence, a thick tarry consistence, is run off. 
This acid treacly matter is known in the works as ‘ sludge.’ The naphtha floating 
above the sludge is then treated a second time with acid, if the naphtha be required 
of good quality. During the process, the naphtha acquires a sharp smell of sulphurous 
acid, and retains a certain amount of sulphuric acid in solution. The next process is to 
treat it with solution of caustic soda to remove these impurities. This may be effected 
in an apparatus similar to the first. The naphtha, after removal of the caustic liquor, 
is next run off into a still, and rectified; it then forms the coal-naphtha of commerce. 

Coal tar of commerce is derived mainly from the rich cannels, or from the tars made 
from coal in the London gas-works, or from the gas-works of the English towns. The 
latter tar is richer in naphtha than the London ; while the tiir from the Scotch cannels 
yields from seven to thirteen per cent, of crude naphtha of a specific gravity of about 
•930, which is blown from it by steam introduced into the still. A still containing 
2,500 gallons of the other tars would yield on an average forty gallons. 

The commercial value of naphtha has fluctuated since the extensive introduction of the 
coal-tar colour industries, according to their varied fortunes during the last twenty yea rs. 

The more or loss volatile varieties were sought after just as the varied shades of 
aniline, the manufacture of which they suited, heailcd the market. By a series of 
fractional distillations, both with wot and dry steam, washings witli sulphuric acid 
(specific gravity 1-845), a series of miphthas, more or less rich in benzole, and con- 
biining other valuable products are obtiiiiiod. The naphtha which flows over at 
a temperature up to 204° Fahr. is called 90 per cent, benzole; that flowing between 
204° and 210°, is designated 80 per cent, benzole, and is again fractionally distilled 
up to 204° ; while the residue, on being treated with high-pressuro steam, yields a 
quantity of 40 per cent, naphtha. 

Subjecting a charge of 1,687 gallons of crude maphtha and light oil to the series of 
operations indicated, we obtain, first 897 gallons of once-run naphtha, and 66 gallons 
of the last runnings, the remaining 634 gallons being only fit to mix with dead oil. 
The 897 gallons of once-run naphtha yields, after purification by sulphuric acid, 301 
gallons of 90 p(T cent, benzole, 195 gallons of 40 per cent., 237 gallons of solvent 
naphtha, 12 gallons of last runnings, and 162 gallons of residuum. 

The 40 per cent, naphtha contains also toluol and xylol, and is most suitable for 
making aniline red ; the 90 per cent, variety is best adapted for the manufacture of 
aniline blue or black. 

In describing coal-naphtha, wo shall take a cursory review of the nature and 
properties of most of the substances produced by the distillation of coal-tar. It will 
bo unnecessary here to enter into a minute description of the acids existing in coal- 
tar, inasmuch as they have already been treated of in the article Carbolic Aero. 

On the hydrocarbons of coal-naphtha . — The following are the principal constituents 
of those coal-naphthas the boiling-points of which range between 190° and 350° : — 


Bose 

Formula) 

Boiling Point 

Specific Gravity 

Benzole . 


C^H* 

177® 

0-850 at 60° 

Toluolo . 



2300 

0-870 

Xylole . . . 1 

Gifilin* 


259® 


Cumole . 

Qiniivi 

C’K** 

804® 


Cymole . 


1 

347® 

0-861 at 67® 
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The fluid hjrduocarbonfl boiling above this point have not been well studied. 
Ozdinaxj coal-naphtha, in addb’tion to the above hydrocarlwns, contains traces of the 
homologues of olefiant gas, alluded to in the article Naphtha. 

All the above-mentioned hydrocarbons may be separated from each other by 
careful and sufficiently numerous fractional distillations. It is proper before con- 
sidering them as pure, to shake them up several times with oil of vitriol, and, after 
well washing first with water, and afterwards with an alkaline solution, to dry them 
xety carefully with chloride of calcium or sticks of potash. It will be observed that 
in the above table the specific gravities of the h 3 ’’drocarbons are not in harmony ; 
t^s arises from the fiuids upon which the experiments were made not having all been 
procured firam the same source ; for it has been found that the same bodies, as pro- 
cured from different sources, often present small but appreciable differences in 
odour, density, boiling-point, and other physical properties. 

The benzole of coal-naphtha may almost entirely bo separated by distilling in an 
apparatus first devised for the purpose by Mr. C. B. Mansfield. The annexed figures 
from G. Williams’s ‘ Handbook of Chemical Manipulation,’ illustrate the vessels he 
employed for the purpose. 1645 consists of a copper or tinned iron still, <7, 

holding about two gallons. The flange b 6, is mercl}^ to support the apparatus in the 
ring of a gas or charcoal furnace, preferably the former. A vide worm, c c, passes 
through the top of the still into a water-tight cistern, d d. The worm enas in a 
discharge-pipe, c. The latter is to bo attached to a common worm tub containing 
cold water. The crude benzole, or coal-naphtha, is to be placed \)y means of the 
opening/ into the still, and all the joints of the apparatus being closed, and effectual 
condensation insured, the fire is to be lighted. The naphtha soon begins to boil, but 
nothing comes over, because the water ind d effects condensation. In a short time, 
however, the water m d d begins to get warm, and, as soon as 177° is reached, 
benzole begins to come over, and is perfectly condensed in a second worm, kept cold 
by means of water. It is plain that as the fluids of higher boiling-points begin to 
come over, the water in d e? will boil, but distillation then ceases entirely. The 
reason of this is, that nothing can make the head c c hotter than 212°, because of its 
being surrounded with water. All hydrocarbons that are not volatile at 212° are 
consequently condensed there, and fall back into a. The benzole distilling over is 

1545 1546 




^uite pure enough for all ordinary purposes. It may, if required very pure, be rec- 
tified a second time in the same apparatus, taking care that the head does not get 
hotter than 180° or 190°. If the benzole is wanted absolutely free from its accom- 
panying hydrocarbons, it must be purified by freezing. For this purpose the rec- 
tified bensole is to be placed ^ in a thin glass or metal vessel, and surrounded with 
snow or pounded ice mixed with salt. The whole apparatus is to be surrounded 
with sawoust and covered with woollen cloths to prevent access of heat. As soon as 
the benzole Is frozen, it is to be placed in a funnel and allowed to drain. The solid 
mass when thawed is pure benzole. this mode of proceeding, a considerable quan- 
tity of fluid is always accumulated, which refuses to freeze and yet boils at the proper 
temperature for benzoic. G. Williams found it to contain a small quantity of the 
0H» series of hydrocarbons (homologous with olefiant gas). Mr. Church states it 
to contain benz(^ In a peculiar condition ; he calls it parabenzole. The presence of 
the OH* series may uways be proved by the readiness with which the fluid de- 
colourises bromine-water. 

A amilar form of apparatus for rectif^opf benzole, and one that answers almost as 
is that represented in^. 1546. It will be seen that the worm c c of Jig, 1545 is 
|»rfaced by a etmight tnbe. The mode of use is precisely the same. 

Where the benzole is to be extracted from coal-naphtha on the large scale, the 
fmnamtna will be found convenient The boiler a Jig, 1547, eurroimded 
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by a steam-jacket, is connected at its upper extremity with a head, h, answering to the 
wormcin^^. 1545. The head plays into the worm-tub d\ the benzole being con- 
veyed by the exit-pipe, <?, to the reservoir, or close tank, in which it is to be stored. The 
tub, c c c c, contains water to condense the hydrocarbons which are to be removed from 
the benzole. In order to save time, it is convenient at the commencement of the 
operation to heat the water in c c c c to about 170° ; this is ciFectcd by moans of the 
steam-pipe III, which is connected with the boiler/. The steam is admitted to the 
jacket of the still by means of tho pipe //. The steam can be regulatful or stopped 
altogether by means of tho stopcock n. Tho cock m, is to regulate the admission of 
steam to tho vessel c c c c. The man-hole is represented at A. A small cock to allow 
the condensed water in the jacket to bo run off, is seen at i. Unless the naphtha is 


1547 



of the best quality the benzole will be difficult to extract by the heat of the jacket 
alone. It will then be necessary to send direct steam into a a. When no more 
benzole comes over, the remaining naphtha is to bo run out of the still by tho stop- 
cock A. Although the boiler / is, for the sake of space, represented in the figure as if 
placed beneath the support of the condenser or worm-tub, it should in practice be 
removed to a considerable distance for fear of the vapour of the hydrocarbon reaching 
the stoke-hole and causing an explosion. The condenser b may be arranged in the 
form of a worm like c in Jig. 1645, but tho precaution is scarcely necessary if the 
chamber at b,Jig. 1547» be made sufficiently capacious. The benzole obtained in the 
above apparatus is, of course, contaminated wi^ toluole ; if, however, the rectification 
be repeated, the water in the chamber c c c c not being permitted^ to become hotter 
than 180° Fahr., the resulting benzole will be almost pure. One distillation is amply 
sufficient for the preparation of tho commercial article. 

A rectifying column somewhat like Coflfey’s still may alst be employed for pre- 
paring benzole. 

The less volatile naphtha remaining in the still is by no means valueless ; it is 
adapted for almost all the purposes for which ordinary coal-naphtha is applicable, 3/ 
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Mmodiig the fluid by the tap A, and distilling it in an ordinary still, a very good coal- 
naph^ of a density of about 0*870 will be obtained. 

It is extremely coiioos that naphthas which contain largo quantities of naphthaline 
will often distil without the latter crystallising out. It is volatilised in the vapour of 
the naphtha, and therefore escapes observation. P*ut if a little chlorine he poured 
into the fluid, or if a little chloride of lime be added, followed by an acid, and the 
fluid be then distilled, the naphthaline will come over in the solid state, so that it can 
be remoTed by mechanical methods. It does not appear to bo due to the formation 
of Laurent’s cnloride of naphthaline, for the product contains only traces of chlorine. 

Bensole has been much used of late to remove greasy and fatty matters from 
cotton, wool, silk, and mixed fabrics. It is by no means essential that the benzole 
should be al^lutoly pure for this purpose. By this it is meant that the presence of 
naphthas, boiling somewhat above 177®, does not materially affect the usefulness of the 
fluid. If, however, the naphtha is to be employed for removing greasy stains from 
dresses, gloves, or other articles to be worn, the purer and more volatile the hydro- 
carbon, the more readily and completely the odour will bo removed by evaporation. 
Mr. F. C. Calvert patented the application of benzole to some purposes of this 
kind. He first purified the naphtha by means of sulphuric acid and caustic alkalis 
in the usual manner, and then rectified it at a temperature not exceeding 212°. 

For this purpose the apparatus described in fig. 1547 ■will bo found well suited. The 
inventor applies the rectified coal-naphtha, or nearly pure benzole, to the following 
purposes : — 1st, for removing spots and stains of grease, i.c. fatty or oily matters, tai*, 
paint, wax, or resin, from cotton, woollen, silk, and other fabrics, when, in consequence 
of its volatility, no mark or permanent odour remains. 2nd, for removing fatty or 
oily matters from hair, furs, feathers, and wools, and for cleaning gloves and other 
articles made of leather, hair, fur, and wool. 3rd, for removing the fatty matters 
which exist naturally in wool. 4th, for removing from wool, tar, paint, oil, grease, 
and similar substances used by farmers for marking, salving, and smearing their sheep. 
6th, for cleansing or removing the oily or fatty matters which are contained in cotton- 
waste that has been used for cleansing or wiping machinery or other articles to which 
oil or grease has been applied. In order to remove tlie above matters by means of 
coal-naphtha, the articles, if small, are merely rubbed with it. On the large scale 
the matters to be operated on are placed in suitable vessels, and the naphtha is run 
iu. After contact for some hours the fluid is run off, and the fabrics are passecl 
through squeezers and submitted to strong pressure to remove the greater portion of 
the benzole or naphtha. The naphthas which run out arc distilled off, so that the 
groajsy matters may bo preserved and used forlubricatingmachineiy* or other purposes. 

Furniture paste may also be made from light coal napbtlia or benzole by tlm follow- 
ing process : — One part of wax and one of resin is to bo dissolved in two }).'irt s of the 
hydrocarbon, with the aid of heat. When entirely dissolved, the whole is allowed to 
cool, and is then fit for use. 

Naphthaline is used for the preparation of lamp-black, but tlie quantity employed 
for that purpose is but small. The quantity annually produced by the various gas- 
works is enormous. Its odour and volatility prevent its being applied to lubricating 
purposes. It often happens that much valuable time is lost by unscientific operators 
in endeavouring to remove the smell from such subsUnces as naphthaline ; they forget 
that the odour of a body of this class is a part of itself, and cannot bo removed w ithout 
its destruction. It is possible that the compounds of naphthaline may one day be 
applied to useful purposes. By treating naphthaline witli excess of chlorine, and 
removing fluid substances with ether, a crystalline paste is obtained. This paste, 
dissolved in boiling benzole and allowed to repose, deposits beautiful rhombohedrfil 
mystals, often of large size. They have exactly the form of Iceland spar, and, like 
that substance, possess the power of double refraction. When nitronaphthaline is 
treated with acetic acid and iron filings in the same manner as that employed l»y 
If. BAshamp for the production of aniline, a base is obtained of the formula ; 

it is called Naphthalamine. It is, therefore, isomeric with cryptidine, but has no other 
point of resemblance. 

If treated with nitric acid, naphthaline yields phthalic acid, and this by elimination 

earbonic add may be either converted into benzole or into benzoic acid. Benzoic 
add is sow derived commerdally from naphthaline. 

1%e relatloB whidi appears to exist between naphthaline and alizarine is also very 
istscMtisg. AHsarine is now prepared artificially from anthracene orparanaphthaline, 
by processes described under the articles Alizabine and Anthbacene. 

NaphUudasdite, whidh is the base corresponding to aniline, is now manufactured in 
the same way as that body is from benzole. It yields beautiful commercial dyes, 

: Idartius yellow, Mia^la red, Naphthaline violet, and Naphthaline blue. 

mk aiq^hthaliDe has been employed with advantage in the treatment of 
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psoriasis. M. Emory states that it succeeded in twelve out of fourteen cases. In the 
two where it failed the one patient was a woman thirty years of age, who had been 
afflicted for eight years with psoriasis ^yrata; the other patient was a young man 
who had suffered for several years with lepm vulgaris. In the latter ciise, two months’ 
troatraont having effected no good, pitch ointment was substituted, which effected a 
cure in two months. The naplithalino was employed in the form of ointment in the' 
Btpngth of \ or 1 drjichm of lard. The application is sometimes, however, attended 
with severe inflammation of the skin, which must be relieved with poultices. 

The dead oils, as the loss volatile parts of coal-tar are cjilled, contain several sub- 
stances, the nature of which is very imperfectly known. Among them may he men- 
tioned pyrene and chrysene. The former has been examined by Laurent, who 
gives the formula for it. They are found in the very last portions that pass in 

the distillation of coal-tar. They are also stiid to be produced duiing the distillation 
of fatty or resinous substances. The portions which distil last are in the form of a 
reddish or yellowish paste, which rapidly darkens in colour on exposure to light. 
Ether separates it into two portions, one soluble, containing the pyrene, the other 
insoluble, containing the chr3’sone. The pyrene may bo obtained by exposing the 
etherial solution to a very low temperature, which will cause it to crystallise out. 
The composition of pyrene is, according to Laurent, — 

Experiment. Calcnlation. 

Carbon . . . 93*18 C®® 937 

Hydrogen . . . 6*11 H** 6 3 

99*29 100*0 

Tho portion insoluble in etlier consists of cliryscnc in a tolerably pure state. 
G. Williams found that it cryshillises on cooling from a solution in lioglioad naphtha, 
ill magnificent 3*e] low plates, with a superb lustre resembling crystallised iodide of 
lead. Tho following are the results of its analysis. His combustion was made upon 
chrysene crystallised as above ; — 

Laurent. C, G. W. Calculation 

Carbon . . 94*83 94‘2u 94 63 94*74 C‘« 108 

Hydrogen . o*44 6*30 6*37 6*26 H« 6 

100*27 99*65 100*00 10000 114 

See CniiYSENE, 

No commercial use has been yet devised for these interesting bodies ; which are also 
bye-products in paraffin refineries. But the brilliant discoveries of Graebe and 
l^ieberman have raised anthracene from the category of waste materials. In 1868 they 
obtained anthracene from alizarine, and in tho followingyear they were able to disclose 
a process for the manufacture of the Viiluable dye from the unsiivoury coal-tar product. 
A large extension of the coal-tar colour maniifacturo has ensued. Anthracene is ob- 
tained from the heavier coal oils, which wdicn exposed to the action of a powerful 
freezing mixture, often deposit a mass of crysUils only p;irtly soluble in alcohol. Tho 
soluble portion consists of n.apbthalinc ; the other portion is anthracene, or para- 
naphthaline. It appears, from the anah*ses which have been made, to be isomeric 
with naphthaline. It fuses at 366'^, and boils at about 680®. The density of its 
vapour, determined at 848°, was 6*741°, agreeing very well with tlie formula 0*®!!’'“^, 
which requires 6*643, This formula is one and a half times naphthaline, thus: 
C*®H® + C*®H* = C*®H*‘'*. Eor a description of the methods by which anthracene is now 
prepared from coal-tar, and alizarene from anthracene, the reader is referred to these 
articles respectively, and to the .Supplement to AVatts’s ‘ Dictionary of Chemistry.’ 

Metanaphthaline is a peculiar substance which appears to be closely related to the 
above products. It is formed during tho manufacture of resin gas. It is a fatty sub- 
stance fusing at 168°, and distilling at about 617° ; it is at present but little known. 

The following Table, taken from Traiik des Derives de la HouillCt by Gerard and 
Do Lairo, epitomises the operations of French tiir-distillers : — 

Fiest Distillatiok of Coal in the Eetoets. 

Gas. Tar. Coke. 

.Second Distiij.ation of the Tab. 

1. Light oils (boiling 30° to 150° Cent.). 2. Medium or creasote oils (boiling 
140° to 200° Cent.! 3. Anthracene oils, or heavy oils, containing naphthaline 
and anthrucene (boiling 200° to 860° Cent,). 
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. Thibd Distillation, 

Ughl OUs, 

Dito 2 fractionals. 

No. 1. That irfaich passes over, up to No. 1. 0 
140® Cent., constituting naph- 
tha. 

No. 2. That "which passes over, above No. 2. 1 
140® Cent., is mixed "erith No. 

2 fractional distillation of the 

middle oils. No. 3. 1 


Middle Oils, 

Into 3 fractionals. 

No. 1. That which passes over, up to 
130* Cent., is remixed with 
the naphtha. 

No. 2. That "which passes bet'wixt 130® 
and 200® = rectified creasote 
oil. 

No. 3. That "which passes over, above 
200® Cent., is counted anthra- 
cene oil. 


Tbbatxekts bt 

^eei^fied Light Oils or Naphthas, 

(89® to 140® Cent.). Subjected to 

1 washing "with pure "water. 

2 washings with sulphuric acid. 

2 washings with -water. 

1 washing with soda. 

2 washings with water. 


Waseiko. 

Middle Beotified Otis, 

(140° to 200° Cent.) Subjected to 

1 washing with pure water. 

2 washes with sulphuric acid. 

2 washes with pure water. 

1 "Washing "with soia. 

2 washes with pure water. 


Crude Heavy Anthracene Oils, 

(200® to 350® Cent.) Subjected to 

1 wash "with pure water. 

2 washes with hydrochloric acid* 

1 wash with pure water. 

1 -wash with soda. 

2 washes "with water. 

Foueth Distillatioh. 

Naphtha, 

Into 4 fractionals. 

No, 1. That which passes bet-wixt 39® — 80® Cent, 

„ • •» >» 80® — 115° Cent benzole, 

„ 116°~160® Cent 

II a little over 160® Cent 


Middle Bectified Oils, 

Into 2 fractionals. 

No. 1, That which passes 140° to 190° 
Cent 

No. 2. That which pi^s over 190° 
Cent, is mixed with the 
heavy oils. 


Bure Heavy Oils, 

Into 3 fractionals. 

No. 1. That which passes from 215® to 
230° Cent. 

No. 2. That which passes from 230® to 
290° Cent 

No. 8. That which passes from 300® to 
340° Cent 


The Lighl Oik or Naphthas contain the following bodies 


Ammonia and ammoniacal salts . 

Amylene 

of propylene, butylene diss 
lomns liquids 
Gapn^ene or he:^lene . 
of hezyie 

Betinine ..... 
Bencina , . 

^Bnanthylene or heptylene . • 

Toinena ..... 

Faiabanane 

STtentcTootyk . . . 


Boiling-point. 

Cent 


in their homo- 


. 55° to 70° 

. 68 ° 

. 80° 

. 82° to 83°— 0*850 
. 94® 

105° to 108° 

. 97° to 98° 

116® to 118® 
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Xyleno . 

Picoline . 

Cumeno 

Hydruret of decyle 
Pyridine • . 

Cymono . 

Traces of phenic acid 


BoHingr-point. 

Cent. 

127® to 128® 

. 133®— 0*965 
. • 151® 

. . 158® 

, 150® 

. . 175® 


The various treatments specified in the Table are to remove several of these bodies, 
which give the crude naphtha its offensive odour, and hinder its retaining a perma- 
nent white colour. In the various acid and alkjiline treatments 6 per cent, of o^inary 
sulphuric acid is used, which is counteracted by 2 to 3 per cent, of caustic soda of a 
density 1*305. 

The Middle Oils, after their first rectification, and their augmentation with the 
fractional distillation of the heavier naphthas, contain the following bodies : — 




Boiling-point 


Boiling-]K)int 

Picoline . 


. . 133° 

Aniline . 

. 182° 

Pyridine . 
Cumene . 


. 160° 

Phenic acid 

. 187° 


145° to 151° 

Parvoline 

. 188° 

Lutidine . 


. 154° 

Toluidino 

. . 198° 

Eupion . 


. . 160° 

Cresylic acid . 

. 203® 

Cynieno . 


. . 179° 

Coridine , 

. 211° 

Collidino . 


. 175® 

Naphthaline , 

/ from 79° 
\from 218° 


Just 5 per cent, of sulphuric acid is given at each of the two treatments of the middle 
oil ; and the amount of soda used depends on the quantity of cresylic or phenic 
acids — a very variable amount — the individual oil may contain. To estimate the 
quantity of phenic acid, agitate 4 or 5 kilogrammes of the middle oil with an excess 
of caustic soda of specific gravity 1*305, for an hour or two ; allow it to repose ; 
then decant the soda-liquor ; wash it with hot 'W'atcr ; then filter ; treat the clear 
filtrate with hydrochloric acid, and the phenic acid will separate. As the equiva- 
lent of phenic acid (C*H®0 = 94) is about 1^ that of soda (Na20 = 62), 1 part of soda 
should fix 2 parts of the acid. Part of those middle oils is also used in dissolving 
caoutchouc. 

The Heavy Oils, until recent discoveries of the utilisation of the waste bodies an- 
thracene and naphtha, were not usually distilled. Their distillate betwixt 216° and 
230° is almost all naphthaline ; that betwixt 290° and 320° is principally anthra- 
cene. 


The Heavy Oils contain : — 

Aniline . . • . 

Phenic acid. 

Parvoline .... 
Cresylic acid 
Phlorylic acid 

Coridine .... 
Naphthaline 

Bubidine .... 
Quinoleine or leucolino 
Viridine «... 
Lepidine .... 
Anthracene and paranaphthaline 
Chrysene • • . • 

Pyrene .... 


Boilinpr-point 
. 182° 

. 187° 

. . 188® 

. . 203° 

. 203° 

. 211 ° 
217° to 218° 

, . 230® 

235® to 237® 

. . 251° 

. 260° 
310° to 359° 


The proportions of acid and alkali in this treatment are 6 per cent, of soda and 10 
per cent, of hydrochloric or sulphuric acid. In order to expiscate the odour, this oil, 
after distilbition, is treated with 4 per cent, of sulphate of iron. 

The rectified oil may be used for greases, for creasoting railway-sleepers, as an 
antiseptic, or for fuel or gas-making, 

HJUPKTKA, ITATZVB. In a great number of places in various parts of 
world, a more or less fftiid inflammable matter exudes. It is known as Persian 
naphtha, Petroleum, Bock-oil, Bangoon tar, Burmese naphtha, &c. 

The American petroleum consists in its more volatile portions of amyl, hydrogen, 
hydride of amyl, C»H« boiling at 68°, and hydride of caproyl Q*B}* boiling at 92°; 
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ariion capable of being safely used in lamps is represented by the hydrocarbons 
and The hi^er series of the marsh -gas gitonp, which are composed 

accoiding to the formulae and exhibit a butter-like consistency and 

belong to the paraffins met with in petroleums. Ilangoon oil assumes at ordinary 
temperatures the consistency of butter. 

Messrs. Warren Be La Kue and Hugo Muller find the fluid to consist of two principal 
series of hydrocarbons, namely, the benzole class and another, unacted upon by acids, 
and apparently consisting of the radicals of the alcohol. In addition to the fluid 
hydrocarbons, Burmese naphtha contains a considerable quantity of paraffin. 

Barmese naphtha or Bangoon tar is obtained by sinking wells about 60 feet deep 
in the sdl ; the fluid ^dually oozes in from tlie soil, and is removed as soon as the 
quantity accumulated is sufficient. The crude substance is soft, about the consistence 
of goose grease, with a greem'sh brown colour, and a peculiar but by no means dis- 
agreeable odour. It contains only 4 per cent, of fixed matters. In the distillations 
I& La Bue and Muller employed superheated steam for the higher, and ordinary 
steam for the lower temperatures. At a temperature of 212^, 11 per cent, of fluid 
hydrocarbons distil over ; they are entirely free from paraffin. Between 230° and 
298° Fahr., 10 per cent, more fluid distils, containing, however, a very small quantity 
of paraffin. Between the last-named temperature and 320° Fahr., the distillate is 
very small in quantity, but from that to the fusing point of lead, 20 per cent, more is 
obtained. The latter, although containing an appreciable amount of paraffin, remains 
fluid at 32° Fahr. At this epoch of the distillation, the products begin to solidify on 
cooling, and 31 per cent, of substance is obtained of sufficient consistency to be sub- 
mitted to pressure. On raising the heat considerably, 21 per cent, of fluids and 
paraffin distil over. In the last stage of the operation, 3 per cent, of pitch-like 
matters are obtained. The residue in the still consisting of coke containing a little 
earthy matter, amounts to 4 per cent. We thus have as the products in this very 
carefully-conducted and instructive distillation : — 


Below 212° .... 
230° to 293° .... 
293° to 320° .... 
820® to fusing point of lead . 

At about the fusing point of lead 

Beyond fusing point of lead . 
Last distilled .... 
Besidue in still 


Free from paraffin . . , . 1 1 *0 

A little paraffin 10 0 

Containing paraffin, but still fluid at 

320° 200 

Sufficiently solid to bo submitted to pres- 
sure 31*0 

Quantity of paraffin diminishes , . 21*0 

Pitchy matters 3*0 

Coke containing a little earthy impurity . 4*0 


100-0 


All the above distillates are lighter than water. Almost all the paraffin may be 
extracted from the distillates by exposing them to a freezing mixture. In tJiis manner 
no less than between 10 and 11 per cent, of this valuable solid hydrocarbon may bo 
obtained from Burmese naphtha. 

Kaphtha appearing dosely to resemble the above is found at Alfroton, Amiauo 
(Duchy of Parma), Baku (borders of the Caspian), Barbadoes, Clermont (France), 
Gobian, near Bezi^res (Franco), Galicia, Neufch&tel (S^^itzorland), Tegernsoo (Bavaria), 
Trinidad, United States, Val Noto in Sicily, Wallaehia, Zante, St. Zibio (Modena), 
Sehndee near Hanover, near Hamburg, Kleinschdppenstadt, Brunswick, in the Pyrenees 
and other portions of Spain and France. Petroleum, well salt, and combustible gases 
are associated together in the Bavarian Alps, in Tuscany, Modena, Parnui, the Car- 
pathian Mountains, in America, and other localities. As marsh-gas is given oif from 
beds of rock-salt some chemists have suggested that CH^ might yield by condensation 
the homologous hydrocarbons C®H*® and C’H*® forming the bulk of the volatile ix>r- 
tions of petroleum and paraffin. Naphtha was one of the ingredients said, by some 
old auUuKTS, to enter into the composition of the Greek fire. — C. G. W. 

Naphtha was originally a mineralogical term ; but much confusion has arisen in its 
application, or in that of its mineralogical synonym Petroleum, to articles of commerce 
or manufacture. The first distillate of coal-tar resembled in appearance and in some 
properties the fluid described as oozing in many places from the earth ; hence the 
apparent propriety of adapting an old name for the now manufactured product. But 
boui artideii have now become important foundations for two very diflferent industries, 
and it has been fonnd that the earth-oil cannot give benzole, the coal-tar colour producer. 
So it has been tadtly agreed by technologists to give the name liaphtha to the distillate 
ftmn coal-tar, whilst Fetrokum is assigned to the natural products ; for though speci- 
maasgf these may be chemically different^ they servo the same manufacturing purposes 
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and are commercially looked upon as one body. But as the similarity in the processes 
of manufacture of both bodies must strike an intelligent workman, we need not feel 
surprised when he calls alike the products of shale petroleum, or coal-tars from the 
still naphthas. The distinction, moreover, is convenient ; as the products of the first 
two bodies serve different technical purposes from the subsequent ones. They have 
also become the subject of legislative provision on account of the lamentable accidents 
wliich they have sometimes occasioned ; though the confusion in terminology is well 
illustrated in a recent enactment which designates as petroleum all bodies from rock- 
oil, schists, or peat inflaming below 100° Fahr. It has been generally thought that 
the application of the term spirit w’ould be a convenient substitute for shale or 
petroleum naphtha. 

According to Wiodorhold, crude or native naphtha gives by fractional distil- 
lation ; — 


Petroleum spirit 
Refined petroleum 


f 48*6 percent, of 0*70 spec. grav. boiling at 100° Cent. 
\457 „ 0*73 „ „ 200° „ 

6-7 „ 0-80 „ above 200° „ 


The lightest distillates of American petroleum, Sherwood oil, or shale have been 
much investigated in regard to use as ansestlietics or as carburetters. Names ha» © 
thus been given to the varied fractional distillates. Kleinschmidt of St. Louis 
specifies the following : — 

o o o o o^cauraii. 

Oils distilling over below 3 7 '7 specific gravity *0 — *60- 90-97 — Rhigolin 

„ „ at 7C-6 „ 0 03- OGl =80-90 = Gasolin 

„ „ „ 137-0 „ 007 -0*63 = 70-80 = Naphtha 

„ „ „ 148-0 „ 0-73 -0-67 = 60-70 =Benzine 

„ „ „ 183-219 „ 0-78 -0-82 = 40-60 = Kerosen. 


The late Sir James Simpson took groat interest in the anaestlietic powers of the first 
series ; on account of them petroleuni gained its healing repute amongst the American 
Indians ; applied externally they soothe neuralgic complaints. 

Gasoliu is mainly relied on as the carburotting agent by several new patent gas 
companies who thus purpose to onricli common coal-gas, water-gas, or atmospheric air. 
Spirit of specific gravity of about 0-650 and with a boiling-point of 58° Cent, is pre- 
ferred for this purpose, and as this spirit, which the preceding analysis shows consti- 
tutes so largo an item in crude petroleum, is too dangerous to burn in common lamps, 
it is sold at the price of a waste product. It is believed that one gallon of spirit 
■will carburet 500 cubic feet of gas, raising it in luminosity to 30 or 33 candle-power 
of flame. The oppowng elements of odour and danger may stand in the w’ay ; but the 
same process may bo adapted in using this spirit for heating or smelting operations. 
Mr. Wills, F. C. S. gives the following calculations founded on Dalton’s law for ascer- 
taining the vai^our- tension of liquids. (‘ Journ. Soc. of Arts, No. 1070, vol. xxi.) 

Table of percentage of vapour of petroleuni spirit of a siwcifc gravity *650 present in 
air or other medium at different temperatures. 

Temperature. rercentage. Temperature. Percentuge. 

-10° Cent. (14°Fahr.) . 5’7 -15° Cent. ( 60° Fahr) . 22 0 

0 „ (32 „ ) . 107 20 „ ( 68 „ ) . 27-0 

10 „ (50 „ ) . 17-5 40 „ (104 „ ) . 39-0 

This diffusibility through air in the state of vapour of petroleum has occasioned 
many lamentable accidents, to prevent which various legislative measures have been 
passed. When a light is applied to a common paraffin-oil lamp, in which the oil 
is at once converted into vapour, ignition will occur. Explosion will also supervene 
Oil shipboard or in a room, in which a mixturo of common air and hydrocarbon- 
vapour, whether from low specific gravity, or from the construction of the rcservoir- 
cell, have boon allow’od to accumulate in the proportions which cause coal-mine or 
domestic gas mixed with air to explode. Petroleum and the paraffin oils alike 
consist of a series of oils bound together by links and very similar in composition.' 
But the first members of the series are very easily detached from the others, and 
their vapours come off at ordinary temperatures. Mere specific gravity does not, as 
was once thought, determine the safety of an oil. The specific gravity of mineral oil 
ranges from 814° to 830°, the extreme point at wliich it easily ascends a wick 
without charring it. But petroleums of 800° have been showm perfectly safe by the 
tests of flash-point and firing-point ; whilst others standing at higher numbers on 
the hydrometer Jiavo not stood them. In America the original way of testing the 
firing-point of oils is by placing a light in the open vessel containing them, which is 
being also heated, and noting the exact degree on a thermometer whoso bulb is also 
immersed in the fluid, when flame appears on its surface. lu this country, again, 
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is based on tbe £act that light vapours arise many inches from the surface 
^the oil, and can be ignited there long befbre the body of the oil takes fire. In the 
test which was firat prescribed by Act of Parliament, the vessel holding the oil 
was indosed in a water-bath heated by a spirit lamp, a thermometer again inserted, 
the whole protected by a screen extending half round the surface of the vessel, and a 
match, in, say the form of a piece of string, applied a full inch at least above the siir- 
&ee of the oil. In the close test the surface of the oil-holding vessel is covered ; 
Openings only being left for the firing-string and the thermonreter. There is a dif- 
ference of 16^ to 26® in the firing-point of the two tests ; the tests reduce the de^ees 
in the inverse order to that in wfich they have been pven. An American cargo with a 
firing-test certified at port of transit, will have it diminished about 10° by the open 
test, and 20° by the close test. The law now sbinds for Britain prohibiting tlie sale 
of petroleum under 100°. It varies in different countries. At Antw’erp, w hich rogu 
lates the petroleum importation of Germany, there is no proliibitory enactment. The 
State of Ifiaine, U. S., specifies 115° igniting test, whilst Massachusetts and Vermont 
agree on 110° Fahr. (See ‘ Report of Select Committee of the IIouso of Lords on tlie 
Petroleum Bill, 18^2.’) 

Petroleum and paraflSn spirits or naphtha have also acquired the synonym of 
‘turpentine-substitute,’ because of their appliciition in varnishes and other house 
paints ; but, as the name implies, cheapness mainly regulates this use. 

£[irzel (Spec. A. D. 1863, Wo. 2987) proposes to extract essences and perfumes, by 
petroleum spirit, as a substitute for bisulphide of carbon. Others have patented this 
substance as an extractor of vegetable and animal oils. G. Ville, the French agri- 
cultural chemist, shows that were this method applied to the culture of the ordinary 
oleaginous plants much good would result. If 35 hect. of the colza were treated 
ordinarily by hydraulic press, 808 kil. of oil w’ould he given ; hut by the aid of petro- 
leum spirits the produce is increased to 1,039 kil. (See Les Engrais ChimiqueSy par 
M. G. Ville, tom. ii. p. 170, &c. Paris, 1872). 

Ville is inclined to think that from 6 to 8 per cent, of oil is left in seeds after the 
action of the hydraulic press. Of course where oleaginous plants are mainly grow n 
for their oil and fibre, as in the Western States of America, or where the cake is 
returned as a manure into the soil, as recommended by G. Ville, this process is com- 
mercially available. 

Sponge lamps have been suggested to use mineral spirits cither as portable gas for 
illuminants or a quick and ready heating-power. The chandlers last winter exhibited 
at least two ingenious French contrivances for this purpose. With proper precautions, 
no danger can supervene. Any other hydrocarbon incautiously managed will cause 
peril. Turpentiue emits a volatile vapour a little above 110° F. ; and a can of it kept 
in a storehouse a little above the boiler is said to have caused an explosion resulting 
in the famous burning of the steamer ‘ Amazon.’ Other like calamities have lieen 
traced to this source. Such volatile oils expand at the rate of 1 in 30 in a tempe- 
rature of 60° F., that is to say, between 40° F. and blood-heat ; other oils of the 
series expand at correspondingly higher temperatures. The oil w’hioh gave its sad 
pre-eminence to the Abergele accident was a Welsh-made oil of 130 spec, grav., and a 
high firing-point. When such vapours mix with atmospheric air in the proportion of 
1 in 7 or thereabouts, an explosion occurs on the proximity of a light. 

On first igniting a paraffin lamp, the heat from the burning -wick causes the lighte r 
oils to ascend in vapour. Should tlie whole contents of tlie reservoir be too suddenly 
raised into vapour, manifestly * there’s death in the pot.’ A dangerous oil w’ill assume 
this state at 80° or 90° F., but only a very small portion of a safe oil will vaporise at 
these temperatures. Dr. Lyon Playfair gave the following evidence hefort! a recent 
Farliamentaiy Committee : — ‘ I would burn no oil in my own house, nor would I advise 
a ftiend of mine to burn any in his house, under 120° F. as the very minimum, but I 
should prefer 180°, that is to say, 120° for the vapour, and 130° for the permanent 
ignition. Oil with a high firing-point gives out more light than the other kind. It 
bums quite as long and gives out more illumination. A gallon of oil at 130° of 
pennanent ignition, produces 25 per cent, more light than a gallon at 100°. The 
fight from the low-igniting oil is not more at the time it is burning, but those who 
are accustomed to bum light petroleum, sometimes like it better than heavier and 
safer oils, as they find that they can manage the wick more easily.’ 

At an expense of about 2d, per gallon, petroleum can be refined so as to be perfectly 
safe. 

The following remarks on the formation of naphthaline from practical gas manu- 
fiieturers are of conriderable interest. Mr. Hyde, at a meeting of the Gas-light 
Association of the United States held at Cleveland, after generally describing this 
anhstance, proceeded to say ; — It bad a peculiar faintly aromatic odour, not unlike 
narcissus ; it was heavier than water, and was readily dissolved by naphtha. During 
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the fifteen years of his experience as engineer of the Cleveland Gas-light and Coke 
Company, in the manipulation of the gas varied results had been observed. In the 
process of condensing and washing the gas, their usual method had been to condense 
first and then to wash. At one time it was thought advisable to erect a spray-washer 
between the hydraulic main and the condensers, as was the method in many gas 
works. Soon after there was observed a rapid accumulation of naphthaline in the 
drain leading to the tar-well, in the purifiers and pipes about the works, and also in 
the distributing mains in the streets. At a subsequent period these spray-washers 
were removed and placed between the condensers and purifiers, used in connection 
with the purifiers, and very much less naphthaline was crystallised. During the 
periods mentioned the heats of the benches were what was termed ‘ high.’ During 
the past cold season there was used with the common bituminous coal from four to 
eight per cent, of cannel coal. The heats were not high, the gas was kept hot while 
passing from the retort-house to the condensers — about 160 feet — by encasing the 
pipe ; the condensation was very gradual, by the use of an open-air condenser, and 
but a small amount of water used in the scrubber and no spray- washer. During this 
period they had no crystallised naphthaline. It had always been observed that wher- 
ever high heats were carried more naphthaline was crystallised than with medium 
heats ; and that when a bench was lightly charged, after being cleaned of carbon and 
while hotter than usual, naphthaline appeared more abundantly than under ordinaiy 
circumstances. His deductions from his experience at the Cleveland works were as 
follow : — The crystallising of naphthaline was caused first by ‘ high heats,’ and the 
amount increased by rapid cooliqg of the gas by contact with cold water, cold pipes, 
and other rapid cooling ; and that naphthaline was more likely to be developed in 
gas made from slack coal than from lump coal. The remedy he would suggest for 
the annoyance was the use of a small percentage of cannel coal, in connection with the 
common bituminous coals, moderate heats, long exposure of the gas to hot pipes or 
other condensing operations before reaching the cooling condenser ; slow cooling of 
the gas, and scrubbing with a small amount of fresh or ammoniacal water of moderate 
temperature ; and, also, when found necessary, the introduction of a small continuous 
supply of naphtha into any horizontal pipes about the work after condensation, or 
into the drips of the inlet and outlet pipes to the gas-holder. The evaporation of the 
naphtha would dissolve the naphthaline crystals. 

Another gas-engineer remarked that high heats had been so constantly upbraided 
as the parent of naphthaline, and so thoughtlessly and. unjustly, that he must try to 
rescue them from blame. He admitted that high heats undoubtedly place them in a 
position to bo annoyed with the crystal, but so did the use of steam put them in 
jeopardy from railway accidents. Of late years they had been putting braiu-work 
into tlieir retort-houses faster than into the other apparatus, and the result was the 
unfortunate crystal under dissection. High heats, low seals, rapid evolution of the 
gases, hasty removal from the retort, and sudden plunging at a high temperature into 
the showers of spray- washers, or through yards of chilling condensers, soon gave birth 
to the lusty and troublesome crystal nuisance that sheds its unthankful favours upon 
gas managers. The agency of heats in producing naphthaline lies simply in convert- 
ing into a gas, at a high heat, olefiant qualities, that at low heats pass over as oils. 
In order to retain this (at that point) easily-condensed volatile oil in a gaseous form, 
throe methods were open to them ; they might mix free hydrogen wdth their coal- 
gas at a high temperature ; they might introduce into their coal-gas, gas made from 
naphtha ; or adopt the plan of having a long connecting main, protected from atmo- 
spheric changes, between the hydraulic main and condensing apparatus, so retaining 
the crude gas as long as possible in contact with its own condensable vapours, and 
subjecting it to a gradual lowering of temperature. He had made the practice of 
introducing the water into his condensers at the ‘ outlet ’ end, and taking the overflow 
from the ‘ inlet ’ end, so causing the gas to come first in contact with pipes somewhat 
higher tempered than he could otherwise do, and so continuing his scheme of gradual 
cooling. He used but little water in actual contact with the gas, believing more in 
the efficacy of the dry scrubbing it got in passing the divisions of the washer than in 
water us a cooling agent in that stage. Following these general views, he had suc- 
ceeded in escaping any further trouble from naphthaline, save an occasional warning 
presence in his purifiers, when he accepted the hint and looked for something wrong 
at the back of them. When gentlemen came to understand the chemical laws govern 
ing the deposit of naphthaline, the great step to its prevention would have been taken, 
and it would pass out of the category of nuisances and bo blessed for its useful 
qualities. 

For the gas-engineer it seems most important to prevent the crystallisation of 
naphthaline, and Siis it appears can be done by keeping the gas containing naph- 
thaline in. contact with the light volatile oils ; tkough all the chemical properties of 
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are not ret diflcoyered, it is a well-known &ct that naphthaline shows 
a great afinitj for lignt hydrocarbons. In gas generated at a low temperature, many 
of the volatile substonces are lost in an undistilled condition, with the tar in the 
hydtauUo main and connecting pipes, in their liquid form, and combine with, or rather, 
tMO an, the naphthaline. Under an increased heat the greater part of these oils 
would rarm fixed gas, and consequently increase the volume of the gas manufactured. 
Thoa^ it is a gpreat advantage to mak e use of as great a quantity of these lighter 
oils as poMnble in distilling the same to gas, we all know that all the lighter oils 
oantKUt be used up entirely in the distillation of cold, and thus it seems the duty of an 
e^if^tened gas-engineer not to waste the same, but to make a judicious use of it in 
keeling the gas as long as possible in contact with the gaseous vapours, and thus 
preventing the crystallisation of the naphthaline which is contained in the gas. The 
Ifgjlter oils, as long as they are united, will, whenever they settle down in a condensed 
State, cany away a great deal of naphthaline in a liquid form, and the naphthaline 
wiU, in a pipe plac^ in proper descent, be carried on to the drips. The lighter-oil 
vapours will separate from the gas at low temperature ; in condensing, therefore, it is 
thought by many best that the take-oflf pipes from the hydraulic main should be nearly 
oa a level with the same, and should be of sufficient length. Clegg gives as a rule, 
that for every inch of diameter, the take-off pij^e should have a length of ten foot, the 
working pressure being two inches ; for instance, the take-off pipe being ten inches in 
diameter, the proper length would he one hundred feet. By increased working pres- 
sure they will of course require increased length in the ratio of their square roots ; 
but even at this rate a great deal of the lighter oils will l>e lost in condensation. 

It had been found by experience that those oils, if collected in a little tank and 
re-vapourised, will greatly diminish the tendency of the naphthaline to crystallise, and 
at the same time improve the quality of the gas. The form of such an apparatus 
should be a small iron tank, closed at the top, and placed below the level of inlet pipe 
of the condenser, to which all drip water, and with it the lighter oils, must be con- 
ducted ; the lighter oils will, from the nature of their specific gravity, float on the top 
of the tank. By passing a coil of steam-pipes through the tank the lighter oils will 
be vapourised, and the naphthaline will settle at the bottom, and from there can, 
from time to time, be lot off. If there be an insufficient amount of these lighter oils, 
some benzine, benzole, or naphtha can be added witli advantage, particularlj if coal 
be used containing only a small proportion of these lighter oils, Hydrocarbon-vapours 
will surely liquefy naphthaline in any pipe or vessel. 

A further tendency of naphthaline to crystallise will be created if gas containing 
naphthaline is passed in from a hot to a cold place ; sny. for instance, if the gas bo 
stored in the holder, and the same, -without a building, is ex}x>sod to tlu; heat of a high 
temperature; when let into pipe.s in the ground, M'liich are located in a lower l-em- 
perature, naphthaline -will surely crystallise, and in course of time will stO]> up the 
pipes more or less; or if the street mains arc, in certain locations, laid too near tlie 
surface of the ground, and afterwards the gas be passed into pipes located in lower 
ground* by which a variation of temperature is created, naphthaliiK* will have a 
tendency to crystaUise. 

Kecently the derivatives of naphthaline, which are almost innumerable, have been 
recMving much attention ; and many colouring-matters are produced by its ro.'icti(uis. 
These have not, however, as yet found a place, to any considerable extent, in com- 
merce. 

Na/phthylint Diamine Violet, Naphthalin Yellow (known also as Maneliestcr Yellow 
SJtd Jaune d*Or) are described in Crookes’s ‘ Practical Handbook of Colours,’ and 
Watts’s * Dictionary of Chemistry.’ See also Naphthaline Dyes. 

VAJPinnEAliXlIZirX. See Kaphthtlahine. 

jrAFXraAJUVa. ^ C*®H* (C*®H®). a solid, crystalline hydrocarbon contained 
is cottl-tar. It is es|)ecially interesting in consequence of its being the substance 
SO long and perseveriDgly studied by Laurent. Its combinations and derivatives 
ass immensely numerous, and, in a theoretical point of view, of the greatest im- 
portaaee, the well-estabiished theory of substitutions being, to a great extent, 
mnnded upon the results obtained by treating naphthaline with nitric sicid and the 
halogen s. 

WiiUPM y X JL X JiJJ M XVJBSa Within the last few years a number of colouring- 
mattery some of which are employed commercially, have been obtained from naph- 
thylamine, itself a derivative from, naphthaline. In preparing naphthaline red, or as 
it is often called, Magdala red, the naphthylamine is flrst convert^ed into azodinaphthyl- 
diamine, by the action of nitrous acid ; and this, when treated witlj implithylamine, 
l^lds a peculiar which forms naphthaline red. Naphthaline him and naphtha- 
fMet are obtraed by acting on the red base with iodide of methyl, or iodide of 
« by treating it with pemitrate of mercuiy, chloride of copper, chlorate of 
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potash, etc. Naphthaline yellow, known also as Manchester ydlow, Martiue ydlow, and 
Jaune dor, is prepared by adding nitrite of soda to a solution of hydrochlorate of naph- 
thylamino, when diazonaphthol is formed. On heating this with nitric acid, binitro- 
naphthylic acid is produced, and the lime or soda compound, of this acid forms 
naphthaline yellow. This pigment is used for dyeing wool and silk, without the aid 
of a mordant, and for modifying the tint of magenta. The naphthaline dyes are 
fully described in Crookes’s ‘ Practical Handbook of Colours,’ and in Watts’s ‘ Dic- 
tionary of Chemistry.* 

WAPBTBTILAMXiril. (0'®B*B). An organic base, isomeric with 

cryptidine, produced from nitronaphthaline by the action of reducing-agonts, such 
as sulphide of ammonium, or protacetate of iron. 

BAPKllS Tll]«&OW. {Jaune minhal, Fr. ; NeapeJyelb, Ger.) This is a fine 
yellow pigment prepared from antimony. It is said to be prepared by calcining 
about 12 parts of metallic antimony with 8 parts of rod lead and 4 parts of oxide of 
zinc in a reverberatory furnace. The mixed oxides are to bo well rubbed together 
and fused ; after this, the fused mass is to bo reduced to a very fine powder. This 
colour is principally prepared in Italy ; but the chrome yellows have almost entirely 
superseded it. See Yellow Colours. 

BABCOTZBB. (C^^B^^BO’). An alkaloid contaiiH;d in opium. 

It may be obtained in large quantities from the coloured and uncryst^illisablo 
mother-liquors obtained in the preparation of morphine by Gregory’s process. 

BATZVB AK&OV. A name sometimes given to Osmium-Iridium, which see. 

BATXVE ACETAXiS. See the respective mebils, as Coffer, &c. 

BATBOXiZTlS, from the Latin natron, soda. This mineral occurs reniform, 
botryoi'dal, and massive ; it has a splintery fracture ; is, on the edges, translucent, 
and of a pearly lustre. It consists of soda, alumina, silica, and water ; it is found in 
Scotland, Switzerland, Saxony, and Nova Scotia. Natrolite receives a high polish, 
and it has, therefore, been used for rings and other ornaments. 

BATBOB is the name of the native sesquicarbonate of soda, which occurs as a 
deposit on the sides of several lakes to the west of the Delta of Egypt ; also as thin 
crusts on the surface of the earth, rarely an inch in thickness, at the bottom of a 
rocky mountain, in the province of Sukena, near Tripoli, and two days* journey from 
Fezzan, and is called by the Africans Trona. The walls of Cassar (Qasrr), a fort now 
in ruins, are said to have been built of it. At the bottom of a lake at Lagunillas, 
near Merida in Venezuela, is found a substance called by the Indians TJrao, which is 
tolerably pure sesquicarbonate of soda. It is collected every two years by the nativc.s, 
who, aided by a polo, plunge into the lake, separate the bed of earth w'hich covers the 
mineral, breiik the urao, and rise with it to the surface of the water ; it is then 
removed to the magazine, and dried in the sun. Natron is also found near Smyrna, 
in Tartary, Siberia, Hungary, Hindostan, and Mexico ; in the last country there are 
several natron lakes, a little to the north of Zacatecas, as wcdl as in many other 
provinces. 

These deposits are never pure sesquicarbonate of soda, but contain generally some 
sulphate of soda, chloride of sodium, and earthy matters. 

BATTTBE-PBZBTZBG. {Natursclhstdruck, Ger.) The following description 
of this very beautiful process is an abstract of a lecture delivered by Mr. Henry 
Hradbury at the Iloyal Institution : — 

Nature-printing is the name given to a technical process for obtaining printed 
reproductions of plants and other objects upon pixper, in a manner so trutWul, that 
only a close inspection reveals the fact of their being copies ; and so distinctly 
sensible to oven touch are the impressions, that it is difficult to persuade those 
unacquainted with the manipulation that they are an emanation of the printing- 
press. 

The distinguishing feature of the process consists : first, in impressing natural 
objects — such as plants, mosses, seaweeds, and feathers — into plates of metal, causing, 
as it were, the objects to engrave themselves by pressure ; secondly, in being able to 
take such casts or copies of the impressed plates as can be printed from at the ordi- 
nary copper-plate press. 

This secures, in the case of a plant, on the one hand, a perfect representation of its 
characteristic outline, of some of the other external marks by which it is known, and 
even in some measure of its structure, as in the venation of ferns and the ribs of the 
leaves of flowering plants ; and, on the other, affords the moans of multiplying copies 
in a quick and easy manner, at a trifling expense compared with the result — and to 
an unlimited extent. 

The ^eat defect of all pictorial represenbitions of botanical figiues hai| consisted 
in the inability of art to represent faithfully those minute peculiarities' by which 
natural objects are often best distinguished. Nature-printing has therefore come 
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ud of this branch of science in particular, whilst its future development 
prpoiises ftdlities for OQ|mng other objects of nature, the reproduction of which is 
not within the province of the human hand to execute ; and, even if it were possible, 
it wonld involve an amount of labour scarcely commensurate with the result. 

Poseessing the advantages of rapid and economic production, the means of un- 
limited multipUcation, and, above all, unsurpassable I’esomblance to the ori^nal, 
iiatiire-printing is calculated to assist much in facilitating not only the first- nght 
reoogmtion of many objects in natural history, but in supplying the detailed evi- 
dences of identification — ^which must prove of essential value to botanical science in 
paxtieolar. 

Expeiiments to print direct from nature were made as far back as about 260 years ; 
it is certain* therefore, that the present success of the art is mainly attributable to 
the |;en6ral advance of science, and the perfection to which it has been brought in 

particular instances. 

On account of the great expense attending the production of woodcuts of plants in 
early times, many naturalists suggested the possibility of making direct use of Nature 
herself as a copyist. In the ‘ Book of Art,’ of Alexis Pedomontanus (printed in the 
year 1572), and translated into German by Wccker, may bo found the first recorded 
hint as to taking impressions of plants. 

At a later period, in the Joumial des Voyages, by M. de Moncoys, in 1650, it is 
mentioned that one Welkenstein, a Bane, gave instruction in making impressions of 

plants. 

The process adopted to produce such results at this period consisted in laying out 
flat and drying the plants. By holding them over the smoke of a candle, or an oil- 
lamp, they became blackened in an equal manner all over ; and, by being placed 
between two soft leaves of paper, and being rubbed clown with a smoothing-bone, 
the soot was imparted to the paper, and the impression of the veins and fibres 
was so transferred. But though the plants were dried in every case, it was by 
no means absolutely necessary ; as the author lias proved by the simple experiment 
of applying lamp-black or printer’s ink to a fresh leaf, and producing a successful 
impression. 

linneeus, in his PhUosop?iia Boianica, relates that in America, in 1707* impressions 
of plants were made by Hessel ; and later (1728 — 1767), Professor Kniphof, at Erfurt 
(who refers to the experiments of Hessel), in conjunction with the booksoller Fiinke, 
established a printing-office for the purpose. He produced a work entitled Herbarium 
Vivum, The range and extent of his work, 12 folio volumes, containing 1,200 plates, 
corroborates the curious fact of a printing-office being required. These impressions 
were obtained by the substitution of printer’s ink for lamp-black, and flat pressure 
fas the smoothing-bone ; but a new feature .at this time was introduced — that of 
colouring the impressions by hand according to nature — a proceeding which, though 
certainly contributing to the beauty and fidelity of the efifect, yet liad the disadvantage 
of frequently rendering indistinct, and even of sometimes tolally obliterating, the 
tender structure and finer veins and fibres. Many persons at the time objected to 
the indistinctness of such representations and the absence of parts of the fructifica- 
tion ; but it was the decided opinion of Linnaeus that to obtain a representation of 
the difierence of species was sufficient. 

In 1748 Seligmann, an engraver at Nuremberg, published in folio-plates figures of 
several leaves he had reduced to skeletons. As he thought it impossible to make 
drawings sufficiently correct, he took impressions from the leaves in red ink, but no 
mention is made of the means ho adopt^. Of the greater part he gave two figurc^s, 
one of the upper and another of the lower side. 

In the year 1763 the process is again referred to in the Gazette Sahiiaire, in a short 
article upon a Becette pour copier ioutes series de Plantes sur Papier, 

About 25 or 30 years later, Hoppe edited liis Ectypa Plantarum Batishonensium, 
and alao his Bcty^ Plantarum ^Uctarum, the illustrations in which were produced 
m a manner similar to that employed by Kniphof. These impressions were found 
idao to be durable, but still were defective. 

In the year 1809 mention is made in Pritzell’s Thesaurus of a ‘ New Method of 
laldiig Natural Impressions of Plants*; and lastly, in reference to the early history 
of the eubj^ the attention of scientific men was ciillod to an article, in a work pub- 
lished by Gfraaer, in 1814, on a ‘ New Impression of Plants.’ 

Twenty years afterwards the subject had undergone remarkable change, not only 
in the nsulto produced, but also in the mode of operation to be pursucnl, which con- 
nsted in fixing an impression of the prepared plant in a plate of metal }>y pressure. 
It also appears* on the anthority of Prof^sor Thiele, that Peter Kylil, a Banish gold- 
mith and engraver, established at Copenhagen, applied himself for a length of time 
I® ^ enuunentation of articles in silver ware, and the means he adopted were, 
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taking copies of flat objects of nature and art in plates of metal by means of two steel 
rollers. Here may be remarked the first real steps of the process from a simple con- 
trivance to an art. The subsequent development which science has given to these 
means, and the amplifications which experience has added, have realised what can 
now be produced ; but it should not be assumed that adaptation and amplification are 
invention. 

Various productions in silver of Kyhl’s process were exposed in the Exhibition 
of Industry held at Charlottonburg in May 1833. In a manuscript written by this 
Danish goldsmith, entitled ‘ The Description (with forty-six plates) of the Method 
to copy Flat Objects of Nature and Art,’ dated May 1, 1833, is suggested the idea 
of applying this invention to the advancement of science in general. The plates 
accompanying this description represented printed copies of leaves, of linen and 
woven stuffs, of laces, of feathers of birds, scales of fishes, and even of serpent-skins. 

It would appear that Peter Kyhl was no novice at the process. He distinctly 
points out what ho conceives to be its value by the subjects that he tried to copy, and 
he enters into detail as to the precautions to bo observed in the openition of impress- 
ing metal plates so as to insure successful impressions. His manuscript explains that 
he had experimented with plates of copper, zinc, tin, and lead. Still there existed 
obstacles which prevented him from making any application of his invention. In the 
case of zinc, tin, and copper plates, the plant, from the extreme hardness of the 
metals, was too much distorted and crushed ; while in lead, though the impression 
was as perfect as coiild be, there were no means of printing many copies, as it was 
not possible, after the application of printer s ink, to retain the polished surface that 
had been imparted to the leaden plate, or to cleanse it so thoroughly as to allow the 
printer to take impressions free from dirty stains. This was a serious obstacle, which 
was not compensated for even by the peculiarly rich surface of the parts that were 
impressed, attributfible to the lead being more granular than copper, the effect of 
which is so favourable to adding density or body of colour, without obliterating the 
veins and fibres. 

Peter Kyhl died in the same year that he made known his invention. At his 
death his manuscripts and drawings were deposited in the archives of the Imperial 
Academy of Copenhagen. 

To proceed to more modern efforts. Dr. Branson of Sheffield in 1847 commenced 
a scries of exj^eriments, an interesting paper upon which was read before the Society 
of Arts in 1851 ; and therein, for the first time, was suggested the application of that 
second and most important element in Nature-j)rinting, which is now its essential 
feature— the I'll ectroty po. 

It then occurred to J»r. Branson that an electrotype copy would obviate the difficulty. 

He afterwards stated that he abandoned the process of electrettyping. in consequence 
of his finding it tedious, trouldcsome. and costly to produce large; plates. Having 
occasion, however, to get an article, cast in Itrass, Ih; was astonished at the beaiilil'ul 
manner in whieli the form of the model was reproduce i in the metal. He ileterniine.d, 
therefore, to liave a cast taken in brass from a gutta-pereha mould of t\:ri;s, aad was 
much gratified to see the impression reiidcretl almost as mimitely as by the eh'ctro- 
type process; the mode of operation is to place a frond of fern, aigas or similar flat 
vegetable forin, on a thick piece of glass or polished nuirhlo ; by softening a piece of 
gutta-percha of proper size, and placing it on the leaf and pressing it carefully down, 
it will receive a. sharp and accurate impression from the ])lant. The gutta-percha, 
allowed to harden by cooling, is then handed to a brass-cutter, who reproduces it in 
metal from its moulding-base. 

In 1851 Professor Leydolt of the Imperial Polytechnic Institute at Vienna, availing 
himself of the resources of tlio Imperial Printing-Office, carried into execution a new 
method ho had conceived of representing agates and other quartzose minerals in a 
manner true to initurc. Professor Leydolt had occupied himself for a considerable 
period in examining the origin and composition of these interesting objects in geology. 
In the course of his experiments and investigations he had occasion to expose them 
to the acti(m of fluoric acid, when he found, in the case of an agate, that many of the 
concentric rings were tohilly unchanged, while others, to a great extent decomposed 
by the acid, appeared us hollows between the unaltered bands. It then occurred to 
Professor Leydolt that the surfaces of bodies thus corroded might be printed from, 
and copies multiplied with the greatest facility. 

The simplest mode for obtaining printed copies is to take an impression direct firom 
the stone itself The surface, after having been treated with fluoric acid,^ is washed 
with dilute hydrochloric acid and dried ; then carefully blackened with printer’s ink. 
By placing a leaf of paper upon it, and by pressing it down upon every portion of the 
etched or corroded surface with a burnisher, an impression is obtained, representing 
the crystallised rhombohedral quartz, and the weaker parts that have been 
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dadompo^ bj the action of the acid, white. It requires but a small quantity of ink, 
ax^ pmcular care must be exercised in the rubbing down of tho impression. This 
mb^ is good as far as it goes, but it is slow and uncertain, and incurs a certain 
asKNUit (tf risk, owing to the brittle nature of the object ; and the effect produced is 
not altogether correct, since it represents those portions black that should bo white 
and those white that should be black. 

The stone not being sufficiently strong to bo subjected to the action of a printing- 
press, an exact faoeimile cast, therefore, of it must bo obtained, and in such a form 
as can' be^ printed from. To effect this, tho surface of any such stone (previously 
treated with fluoric acid), must be extended by embedding it in any plastic com- 
position that will yield a ffiit and polished surface, so that tho composition sur- 
ro\mding the corroded stone will bo level with its surfcice ; all that, is necessary 
now is to prepare the whole surface for the electrotype apparatus, by which a porf 'ct 
faoi^Ue 18 produced, representing the agate impressed, as it were, into a polished 
plate of copper. This forms the printing-plate. The ink in this case, as opposed 
to the mode before referred to, is not applied upon the surface, but in the depres- 
sions caused by tho action of the acid on the weaker parts ; the paper is forced into 
these depressions in the operation of printing, which results in producing an impres- 
sion in relief. 

Mr. E. F. Stupges of Birmingham states that, in August 1851, ho was engaged in 
making certain experiments with steel rollers and metal plates for ornamenting 
metallic surfaces, for which he obtained a patent sealed in January 1 852. Ho pro- 
duced plates in lead, tin, brass, and steel from various fabrics, such as wire-laeo, 
thread-lace, perforated paper, and even from steel engravings, p.articularly a medal- 
lion of tlie Queen, from which impressions were printed, and which were distri])Utc(l 
among his friends ; but, that which he did led to no such result as we are at present 
considering, and nothing more was heard of the subject until the publication of 
pature-printing in its present state. He, however, also considers himself tho un- 
doubted inventor of nature-printing, notwithstanding what liad been done by tho 
experiment of Kyhl in 1833. 

Mr. Aitkcn too, about this period was occupied in making experiments for the 
ornamentation of Britannia metal, and also claims the invention, having introduced 
the use of natural objects, and, as he says, expressly for printing purposes. But 
Sturges and Aitken only followed Kyhl in their operations, as the one experiinoritod 
with steel rollers for the purpose of ornamenting metallic surfaces, while the other 
applied the same to printing purposes, both of which experiments were carried out 
by Kyhl. 

In the Imperial Printing-Office at Vienna, the first application of taking Impressions 
of lace on plates of metal, by means of rollers, took place in the month of May ] 852 : 
according to Councillor Auers statement in Ids pamphlet, it originated in the Minister 
of the Interior, Bitter von Baumgartner, having received specimens from Jjondon, 
which so much attracted the attention of the Chief Director, that he dotermined to 

S reduce others like them. This led to tho use of gutta-percha after the manner iJiat 
►r. Branson had used it; but finding this material did not possess altogether tlio 
necessary properties, the experience of Andrew^ Worring induced 1dm to substitute 
lead, which was attended with remarkable success. This was, liow'evor, only follow- 
ing in the steps of Kyhl. Professor Haidinger, on seeing siiocimens of thoscj laces, and 
learning the means by which they had been obUined, proposed the application of tlie 
process to plants. 

The substitution of lead for gutta-percha was a great step in the process, but would 
have been insufficient had not the requisite means already existed for producing 
faithful copies of those delicate fibrous details that were fundshed in tlu' o\am])lcs of 
the impressions of botanical and other figures in metal. I'hcse means consisted mai n ly 
in the great perfection to which the precipitation of metals upon moulds or matrices 
by electro-galvanic agency has been brouglit, the application of which — more geijo 
rally known by the name of the Electrotype process — was sugge.sted and cxecuttal 
by Dr. Brax»on in 1861 ; still he met with no signal success, which may be attri bubal 
to his eomriments having been conducted on a limited scale. 

The practical application of nature-printing for illustraiiug a bot inictil w ork, 
and whidi has been attended with considerable success, is to be found in Chevalier 
Von HeufleFs work on the mosses collected from the valley of Arpasch, in I ransyl- 
Tania; the motmA (first in this cotmtry), is a work on the ‘ Ferns of Great Britain 
and I^andt’bvThmnas Moore, published under the editorship of tlie late Dr. Lindloy. 
Ferns, by tkew peculiar structure and general flatness, arc especially adapted to 
develop the ea|)abtlities of the, process, and there is no race of plants where minute 
noeur^ in delineation is of more vital importance tlian in that of the ferns ; in 
UNiffiMinctioii of vliidi, the fhrm of indentations, general outline, the exact manner 
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in whicli repeated subdivision is effected, and especially the distribution of veins 
scarcely visible to the naked eye, play the most important part. To express such 
facts -with the necessary accuracy, the art of photography would have been insufficient, 
until nature-printing was brought to its present state of perfection. 

The beautiful productions which have been given to the public by Mr. Henry 
Bradbury sufficiently prove the applicability of the processes which we have described. 
The colouring of the plates has been greatly improved by practice.; and by the de- 
position of nickel on the surface of the electrotype plate the printer has been enabled 
to print off thousands of impressions without any evidence of deterioration, 

WBAXiZSrO. See Annealing. 

KBS-ITEB is the East Indian name of Bablah. See Bablah. 

irEEBXiB MAOTFACTIJllE. When wo consider the simplicity, smallness, 
and moderate price of a needle, wo should bo naturally led to suppose that^ this little 
instrun.ent requires neither much labour nor complicatod manipulations in its con- 
struction ; but when we learn that every sewing needle, however inconsiderable its 
size, passes through the hands of 120 different operatives before it is ready for sale, 
wo cannot fail to bo surprised. 

The best steel, reduced by a -wire-drawing machine to the suitable diameter, is the 
material of which needles are formed. It is brought in bundles to the needle fac- 
tory, and carefully examined. For this purpose, the ends of a few -wires in each 
bundle are cut off, ignited, and hardened by plunging them into cold water. They 
are now snapped between the fingers, in order to judge of their quality ; the bundles 
bdonging to the most brittle wires are put aside, to bo employed in making a peculiar 
kind of needle. 

After the quality of the steel wire has been properly ascertained, it is calibred by 
means of a gauge, to see if it bo equally thick and round throughout, for which pur- 
pose merely some of the coils of the bundle of -wires are tried. Those that are too 
thick are returned to the wire-drawer, or set apart for another size of needles. 

The first operation, properly speaking, of the needle factory, is unwinding the 
bundles of wires. With this view the operative places the coil upon a somewhat 
conical reel, 1648, whereon ho may fix it at a height proportioned to its diameter. 
The wire is wound off upon a wheel n, formed of eight equal arms, placed at equal 
distiinces round a nave, which is supported by a polished round axle of iron, made 
fast to a strong upright c, fixed to the fioor of the workshop. Each of the arms is 54 
inches long ; and one of them i), consists of two parts : of an upper part, which be^ 
the cross bar e, to which the wire is applied ; and of an under part, connected with 
the nave. The part k slides in a slot in the fixed part f, and is made fast to it by a 
peg at a proper height for placing the ends of all the spokes in the circumference of a 


1649 1648 



circle. This arrangement is necessary, to permit the wire to be readily taken off the 
reel, after being -wound tight round its eight branches. The peg is then rexnoYed« the 
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IbwA pwh«d down, uid the coil of wire released. Fig, 1649 shows the wheel in 
{tfwe. Zt IS driven by the winch-handle g. 

^ “ cut in two points diametrically opposite, either by hand shears, 

aitA branches is fixed in a block by a bolt and a nut, as shown in fig* 

®^®an8 of the mechanical shears, represented in^. 1651. The crank a is 
moved by a hydraulic wheel, or by steam-power, and rises and falls alternately. The 
ex^mity of this in»nk enters into a mortise cut in the arm b, of a bent lever b g c, 
to it by a bolt. An iron rod d f, hinged at one of its extremities to 
the end of the arm c, and at the other to the tail of the shears or chisel e, forces it to 
OTOn and shut alternately. The operative, placed upon the floor under f, presents the 
coil to the action of the shears, which cut it into two bundles, composed each of 90 or 
upwards of 8 feet long. The chisel strikes 21 blows in the minute. 

These bundles are afterwards cut with the same shears into the desired nebdlo 
lengths, these being regulated by the diameter. For t^is purpose the wires are put 
into a semi-cylinder of the proper length, with their ends at the bottom of it and 
are all cut across by this gauge. The wires thus cut are deposited in a box placed 
alongside of the workman. 

Two successive incisions are r^uired to cut 100 wires, the third is lost; hence the 
sb^, striking 21 blows in a minute, cut in 10 hours fully 400,000 ends of steel wire, 
wmch produce more than 800,000 needles. The wires thus cut are more or less bent, 
and require to be straightened. This operation is executed with great promptitude, 
by moans erf. an appropriate instrument. In two strong iron rings a B,fig. 1662, of 
which one is shown in front view at c, 6,000 or 6,000 wires, closely packed together, 
aw put; and the bundle is placed upon a flat, smooth bench "LVL.fig. 1553, covered 
with a cast-iron plate d e, in which there are two grooves of sufficiont deptli for re- 
bundles of wire, or two openings like the rule T^y fig. 1663, upon 
Which 18 placed the open iron rule f, shown in front in^. 1566 upon a greater scale. 
The two rings must be cwefully set in the intervals of the rule. By making this rule 
^me and go five or six times with such pressure upon the bundles of wires as causes 
upon its axis, all the ^res are straightened almost instantaneously. 

^be construction of the machine, represented in fig, 1553, may require explanation. 
It (consists of a frame in the form of a table, of which l m is the top ; the cast-iron 
plate, B x, is inserted solidly into it. Above the table — seen in fig, 1664 in plan — there 
are two uprighte, c h, to support the cross-bar, a a, which is held in forks cut out in 
the top of each of the two uprights. This cross-bar, a a, enters tightly into a mortise 
cut in the swing piece, w, at the point, if, where it is fixed by a strong pin, so that the 
honzontel traverse communicated to the cross-bar, a a, affects at the same time tho 
swing-piece, k. At the bottom of this piece is fixed, as sliown in the figure, the open 
rule, F, seen upon a larger scale in^^. 1556. 

When the workman wishes to introduce the bundle, b, he raises, by means of two 
chains, 1553, and the lever, g o, the swing-piece and the cross-bar. For this 

purpose he draws down the chain, i ; and when he has placed the bundle properly, so 

that the two rings enter into the groove, e b, 
fig. 1553, he allows the swing-piece to bill back, 
so that the same rings enter the open clefts of 
the rule, f ; ho then seizes one of the projecting 
arms of the cross-bar, a, alternately pulling and 
A pushing it in the horizontal direction, whoreby 
he effecte, as already stated, the straightening 
of the wires. 

The Tidres are now taken to tho pointing- 
tools, which usually consist of about 30 grind- 


1 . 

ananged in two rows, driven by a water-wheel. Each stone is about 18 
MWMa in diamoter and 4 inches thick. As they revolve with great velocity and are 
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liable to fly in pieces, they are ^rtially encased by iron plates, having a proper slit 
in them to admit of the application of the wires. The workman seated in front of the 
grindstone seizes 60 or 60 wires between the thumb and forefinger of his right hand, 
and directs one end of the bundle to the stone. By means of a bit of stout leather 
called a thumb-piece, of which 1668, represents the profile, and b the plan, the 

workman presses the wires, and turns them about with his forefinger, giving them 
such a rotatory motion as to make their points conical. This operation, which is 
called roughing down^ is dry grinding ; because, if water were made use of, the points 
of the needles would bo rapidly rusted. It has been observed long ago that the 
siliceous and steel dust thrown off by the stones is injurious to the ey^s and lungs of 
the grinders, and many methods have been proposed for preventing its bad effects. 
The machine invented for this purpose by Mr. Prior is one of the most effective. 

A A, Jig. 1669, is the fly-wheel of an ordinary lathe, round which the endless cord 
B B passes, and embraces the pulley, c, mounted upon the axle of the grindstone, n. 
The fly-wheel is supported by a strong frame, e e, and may bo turned by a winch- 
handle, as usual, or by mechanical power. In the needle factories, the pointing-shops 
are in general very largo, and contain several grindstones running on the same long 
horizontal shaft, placed near the floor of the apartment, and driven by water or steam- 
power. One of the extremities of the shaft of the wheel, a, has a kneed or bent winch, 
F, which by means of an intermediate crank, o o, sets in action a double bellows, h i, 
with a continuous blast, consisting of the air-feeder, h, below, and the air-regulator, i, 
above. The first is composed of two flaps, one of them, a n, being fast and attached to 
the floor, and the other, e e, moving with a hinge-joint ; both being joined by strong 
leather nailed to their edges. This flap has a tail, g, of which the end is forked to 
receive the end of the crank, o. Both flaps are perforated with openings furnished 
with valves for the admission of the air, which is thence driven into a horizontal pipe. 


1669 



K, placed beneath the floor of the workshop, and may be afterwards directed in an 
uninterrupted blast upon the grindstone, by means of the tin tubes, woo, which em- 
brace it, and have longitudinal slits in them. A brass socket is supposed to be fixed 
upon the ground ; it communicates with the pipe, k, by means of a small copper tube, 
into which one of the extremities of the pipe, n, is fitt^ ; the other is supported by the 
point of a screw, q, and moves round it as a pivot, so as to allow the two upright 
brunches, o o, to be placed at the same distance from the grindstone. These branches 
are soldered to the horizontal pipe, n, and connected at their top by the tube, p. 

The wind which escapes through the slits of these pipes blows upon the grindstone, 
and carries off its dust into a conduit, u^Jig. 1559, which maybe extended to s, beyond 
the wall of the building, or bent at right angles, as at t, to receive the conduits of the 
other grindstones of the factory. 

A safety valve, j, placed in an orifice formed in tlie regulator flap, i, is kept shut by 
a spiral spring of strong iron wire. It opens to allow the superfluous air to escape, 
when by the rising of the bellows, the tail, n, presses upon a small piece of wood, and 
thereby prevents Uieir being injured. 

The wires thus pointed at both ends are transferred to the first workshop, and cat in 
two, to form two needles, so that all of one quality may be of equal length. For each 
sort a small instrument,^. 1667, is employed, being a copper-plate nearly square. 
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liatifig a tuniad-tip edge only upon two of its sides : the one of which is intended to 
seoeire aU points, and the other to resist the pressure of the shears. In this small 
tool a eertain numb^ of wires are put with their points in contact with the border, and 
th^ are cut together flush with the plate by means of the shears, fy. 1660, which are 
mOTod by the £iee of the workman. The remainder of the wires are then laid upon 
the same copper or brass tool, and are also cut oven ; there being a trifling waste in 
this operation. The pieces of wire out of which two needles are formed are always 
left a little too long, as the pointer can never hit exact uniformity in his work 

These pointed wes are laid parallel to each other in little wooden boxes, and trans- 
ferred to the head-flattener. This workman, seated at a table with .a block of steel 
before him, about 8 inches cube, seizes in his loft hand 20 or 25 needles, between his 
flngsr and thumb, spreading them out like a fan, with the points under the thumb, and 
the heads projecting; he lays these heads upon the steel block, and with a small flat- 
faced hammer strikes successive blows upon all the heads, so as to flatten each in an 
instant. He then arranges them in a box w’ith the points turned the same way. 

The flatted heads have become hardened by the blow of the hammer ; when {inncalcd, 
by heating and slow cooling, they are handed to tho piercer. This is commonly a 
cmld, who laying the head upon a block of steel, and applying the point of a small 
punch to it, pierces tlie eye with a smart tap of a hammer, applied first upon one side, 
and then exactly opposite upon the other. 

Another child trims the eyes, which he does by laying the neodlo upon a lump of 
lead, and driving a proper punch through its eye ; then laying it sidewise upon a flat 
piece of steel, with the punch sticking in it, ho gives it a bap on each side with his 
^mmer, and causes the eye to take the shape of the punch. The operation of piercing 
and trimming the eyes is performed by clever children with astounding rapidity, who 
become so dexterous as to pierce with their punch a human hair and thread it with 
another, for the amusement of visitors. 

The next operative makes the groove at the eye, and rounds the head. Ho fixes 
the needle in pincers, 165G, so that the (ye corresponds to their flat side : ho then 
rests the head of the needle in an angular groove, cut in a piece of hard wood fixed in 
a vice, with the eye in an upright position. He now forms the groove with a single 
stroke of a small file, dexterously applied, first to the one side of tho needle, and dien 
to the other. He next rounds and smooths the head willi a small flat file. Having 
finished, he opens the pincers, throws tho needle upon the bench, and imts another in 
its place. A still more expeditions method of making the grooves and finishing the 
heads has been long used in most English factories. A small ram is so mounted as 
to be made to rise and fall by a pedal lever, so t hat the child works the tool witli his 
foot, in the same way that the heads of pins are fixed. A small die of tompt'red steel 
bears the form of the one channel or groove, another similar die that of the other, both 
being in relief; tliese being worked by the lever pedal, finish the grooving of tho 
eye at a single blow, by striking against each other with tho head of the needle between 
them. 

The whole of the needles thus prepared are throvii pell-mell into a sort of drawer 
or box, in which they are by a few dexterous jerks of the workman’s hands made to 
arrange themselves parallel to each other. 

Tho needles are now ready fbr the tempering ; for which purpose they are weighed 
out in quantities of above 30 lbs,, which contain from 260,000 to 600,000 m edle.'^, 
and are carried in boxes to the iemperer. He arranges these upon sheet-iron plaU s, 
about 10 inches long and 6 inches broad, having borders only upon the two longer 
sides. These plates are heated in a proper furnace to bright redness for the larger 
needles, and to a less intense degree for the smaller ; they are taken out and inverted 
smartly over a cistern of water, so that all the needles may be immersed at the same 
moment^ yet distinct from, another. The water being run off from the cistern, the 
needles are removed, and arranged by agitation in a box, as above described. Instead 
of heatinff the needles in a furnace, some manufacturers heat them by means of a bath 
of melted lead. 

After being suddenly plunged in the cold water, they are very hard and excessively 
brittle. The following mode of tempering them is practised at Neustadt The needles 
are thrown into a sort of fiying-pan along with a quantity of grease. The pan being 
placed on the fire, the flatty matter soon inflames, and is allowed to burn out ; tho 
needle are now found to be snfliciently well tempered. They must, however, be 
rs-«4]ustad upon the steel anvil, because many of them get twisted in the hardening 
and tempering. 

PoUshiwia the longest, and not the least expensive, procxjss in the needle manu- 
fiwtore. This Is done upon bundles containing 600,000 needles ; and the same machine, 
under the guidance of one man, polishes from 20 to 30 bundles at a time ; either by 
or fteoai-poww. The neealM are rolled up in canvas along with some quartzosa 
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sand interstratified between the layers, and this mixture is besmeared with rape-seed 
oil. Fig, 1666 represents one of the rolls or packets of needles 12 inches long, 
strongly bound with cords. These packets are exposed to the to-and-fro pressure of 
wooden tables, by which they are rolled about with the effect of causing every needle 
in the bundle to rub against its follow, and against the siliceous matter, or emery, 
enclosed in the bag. Fig. 1660 represents an improved table for polishing the needles 
by attrition -bags. The lower table, mm, is moveable, whereas in the old construction 
it was fixed ; the table c has merely a vertical motion, of pressure upon the bundles, 
whereas formerly it had both a vertical and horizontal motion. Several bundles may 
obviously be polished at once in tho present machine. The table m m, may be of any 
length that is required, and from 24 to 27 inches broad ; resting upon tlio wooden 
rollers, b, b, b, phiced at suitable distances, it receives a horizontal motion, either by 
hand or other convenient power ; the packets of needles a, a, a, are laid upon it, and 
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over them tlie tables c, c, c, wliich are lifted by means of the chains k, k, k, and the 
hirers, j,, L, L, in order to allow the needles to bo introduced or removed. Tho seo-saw 
motion forces tlio rouleaux to turn upon their own axes, and thereby creates such 
attrition among their contents as to polish them. Tho workman has merely to distri- 
bute these rolls upon tho table M, in a direction perpendicular to that in which the 
table moves ; and whenever one of them gets displaced, he sets it right, lifting by the 
lielp of the chain tho loaded table. Tho table makes about 20 horizontal double vibra- 
tions in tho minute; whereby each bumlle, running over 24 inches each time, passes 
through 40 feet per minute, or 800 yards in the hour. 

Scouring by the cask . — After being worked during 18 or 20 hours under the tables, 
the needles are taken out of the packets and put into wooden bowls, where they are 
mixed with sawdust to absorb the black grease upon their surfaces. They are next 
introduced into a cask, 1561, and a workman seizing tho winch p, turns' it round a 


little ; he now puts in some more sawdust at 
tho door, A, n, w’hich is then shut by tho 
clasps o, a, and continues the rotation till the 
needles are quite clean and clear in their 
eyes ; which he ascertains by taking out a 
sample of them from time to time. 

Winnowing is tho next process, by means 
of a mechanical ventilator similar to that by 
wliich corn is winnowed. The sawdust is 
blown away, and the grinding powder is 
separated from the needles, which remain 
apart clean and bright. 

The needles are in the next place arranged 
in order, by being sliaken as above described, 
in a sniall, somewhat concave, iron tray. 



After being thus laid parallel to each other, 

tiiey are shaken up against the end of the tray, and accumulated in a nearly upnght 
position, so that they can bo seized in a heap and removed in a body upon a pallet- 
knife, with the help of the forefinger. 
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Tlit pmotfjpiiig flTB operationB, of making up the rouleaux, rolling them under the 
tablM^ Boounog the ueMles in the cask, ^rinnowing, and arranging them, are repeated 
ton tixiiee in enooeseion, in manufacturing the best articles ; the only variation being 
in the flret prooeae. Originally the bundles of needles are formed with alternate layers 
of siliceous schist and needles ; but after the seventh time, bran freed from flour by 
sifting is substituted for the schist. The subsequent four processes, are, however, 
wpeeAed as described. It has been found in England, that emery-powder mixed with 
quarts and mica or pounded granite, is preferable to everything else for polishing 
needles at first by attrition in the bags ; at the second and following operations, emery 
mixed with olive oil is used, up to the eighth and ninth, for which putty or oxide of 
tin with oil is substituted for the emery; at the tenth the putty is used with very little 
oil ; and, lastly, bran is employed to give a finish. In this mode of operating, the 
needles are scoured in the copper cask shown in elevation mfy. 1563, and in section 
in^. 1662. The inner surface of this cask is studded with points to increase the 
friction among the needles; and a quantity of hot soap-suds is repeatedly introduced to 
wash them clean. The cask must be slowly turned upon its axis, for fear of injuring 
the mass of needles which it contains. They are finally dried in the wooden cask by 
attrition with sawdust ; then wiped individually with a linen rag or soft leather ; when 
the damaged ones are thrown aside. 



Sorting of the needles . — This operation is performed in a dry upper chamber, kept 
free from damp by proper stoves. Here all the points are first laid the same way ; 
and the needles are then picked out from each other in tlie order of their ]K)lish. The 
sorting is effected with surprising facility. ^J'he workman places 2,000 or 3,000 needles 
in an iron ring,y^. 1666, 2 inches in diameter, and sets all their hiads in one plane ; 
then on looking carefully at their points, he easily recognises the broken one ; and by 
means of a small hook fixed in a wooden handle, fg. 1501. lie lays bold of the 
broken needle, and turns it out. These defective neeiiles pass into the liaiids of 
another workman, who points them anew upon a grindstone, and they form articles 
inferior value. The needles which have got bent in the }X)lishing must now be 
straightened. The whole are finally aiTanged exactly according to their lengths by 
the tact of the sorter with his finger and thumb. 

The needles are divided into quantities for packing in blue papers, by putting into a 
.small balance the equivalent weight of 100 needles, and so measuring them out without 
the trouble of counting them individually. 

The bluer receives these packets, and taking 25 of the needles at a lime between the 
forefinger and thumb, he presses their points against a very small hone-stone of compact 
micaoeons schist mounted in a little lathe, he turns them briskly round, giving the 
points a bluish cast while he polishes and improves thorn. This partial polish i.s in 
the direction of the axis ; that of the rest of the needles is transversi*, which disLin- 
goishes the boundaries of the two. The little hone-stone is not cylindrical, but quad- 
rangular, so that it strikes successive blows with its corners upon the needles us it 
revolves, producing the effect of filing lengthwise. Whenever these angles seem to 
be blnnte^ they are set again by the bluer. 

It is easy to distingnish good English needles from spurious imitations ; because 
the fiormer have their axes coincident with their points, which is readily observed by 
turning them round between the finger and thunrh. 

The coostmetion of a needle requires numerous operations ; but they are rapidly 
and nnintemiptedly snccessive, so that a child can trim the eyes of 4,000 needles per 
h our. 

OBBp or AdeuHte, A native sulphide of bismuth, copper, and lead, 
» gQkolar ciyitals, liofiuid in Siberia SeeAnuinTi. 
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SWHHXTa. SeeJASs. 

IflURO AXCrTXGOa Tho name given by the Italians to the black marble used by 
the Egyptian and other ancient statuaries. See Marble. 

WBHO&X is the name given by perfumers to the essential oil of orange-flowers. 
It is procured by distillation with water, in the same way as most other volatile oils. 
Since, in distilling water from neroli, an aroma is obtained different from that of the 
orange-flower, it has been concluded that the distilled water of orange-flowers owes 
its scent to some principle different from an essential oil. See Perfumery. 

JTBT {FUet, reseau^ Er. ; Netz^ Ger.) is a textile fabric of knotted meshes, for 
catching fish, and other purposes. Each mesh should be so secured as to be incapable 
-of enlargement or diminution. The French Government offered in 1802 a prize of 
10,000 francs to the person who should invent a machine for making nets upon 
automatic principles, and adjudged it to M. Huron, who presented his mechanical 
invention to the Conservatoire des Arts et Metiers. All the nets now used by our 
fishermen are made by machinery ; tho largest number being woven in Scotland. 

JSrBTTXiB TBJBB. Tho Celtis Australis. Tho wood of tho nettle-troo is nearly 
as compact as box, and takes a very high polish ; it is sometimes used in the manu- 
facture of flutes. 

XTBirr&A&xsATzosr is tho state produced when acid and alkjilino matters are 
combined in such proportions that neither predominates, as evinced by tho colour of 
tincture of litmus and cabbage remaining untiffectod by the compound. 

XTBUTlLA.Xi TXXrT. A factitious grey pigment, composed of blue, red, and 
yellow, in various proportions, used by water-colour painters. 

XSrsW 7BB8BT TBA. The dried leaves of tho Ceanothus Americanus. 

WBW BBD SAX-BSTOITB. See Sandstone. 

ITBW ZBABAXTB FXiAJC. See Phormium. 

irXCAJtAOUA WOOB. Tho tree 3 ri elding this wood has not been ascertained ; 
it is supposed to bo a species of IlamaioTylon. This wood, and a variety called Peach 
W'ood, are sent to this country for the use of the dyers. They are similar in colour to 
Brazil wood ; but they are not sufficiently sound for any use in manufacture. 

BXCXBXi. Tho ores of nickel, found in these islands, are tho following : — 

Annahcrgiie. Arsenate of nickel, found at Huel Chance and Pengelly mines in 
Cornwall. 

Enterald nickel. Said to have boon found by Dr. Ileddlo on chromate of iron from 
Swinaness, in Unst, one of the Shetland Islands. 

Millcrite. Sulphide of nickel. This mineral has been found in septaria, at Ebbw 
Vale ill Monmoiitlibhiro ; at Combo Martin, and at Huel Chance and Pengelly, in 
Cornwall. 

FAsennickelkies. Sulphide of iron and nickel. On the property of the Duke of 
Argyll, near Inverary, this ore has been found in considerable quantities. Greg and 
Lettsom give the following analysis of *a specimen of thorough ore taken and reduced 
to pow'der’: — Iron, 43'7t); nickel, 14’22 ; sulphur, 31’46 ; silica, 5-90 ; lime, 1-45: 
toua, 9979. 

Kvjifernickel. Copper nickel. Tw'o or three mines in Cornwall have produced 
this ore in some quantities. It has been worked at Huel Chance and at Pengelly, and 
at tho Fowey Consols mine. Mr. Aitkin, of Falkirk, in 1872, re-opouod the so-called 
silver mine at Bathgate, and discovered a peculiar ore of nickel in a fissure or vein 
between a whinsill and tho limestone ; about three tons were obtained, and the work 
was discontinued. 

Kammelsberg has given us the following analysis of a foreign kupfernickel, which 
corresponds very nearly with some of our English products: — Arsenic, 48’80; nickel, 
39'94 ; cobalt, 0T6; antimony, 8 00; silica, 2-00. 

For the less important and foreign ores of nickel, tho reader is referred to Danai or 
to Brooke and Miller's Mineralogy. 

Nickel is usually associated with cobalt ores, and much chemical ingenuity has 
been employed to efifect the perfect separation of these metals, — ^^both of which are 
now very valuable in the arts. Extensive nickel refineries, in which the sepimtion 
is skilfully iCiirriod out, but in all with some considerable secresy, now exist in this 
country. The art of working tho ores of nickel and cobalt seems unknown in Great 
Britain, if we may judge by the fact that, though found in sufficient abundance, 
they are nowhere in this country converted into zaffre and speiss, the two primary 
marketable products elsewhere obtained from these ores. Although, therefore, no 
nation in the world consumes in its manufactures more cobalt and nickel than Great 
Britain, yet for these metals it is almost entirely dependent upon Norway, Northern 
Germany, and the Netherlands ; from whence wo import large quantities annually. 
Tho foreign ores not unfrequontly yield 12 or 15 per cent. In the German ore the 
quantity of metallic ingredients are of a fusible character ; consequently, when simply 
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subjected to beat in a reverberatory furnace, the earthy and metallic elements sepa- 
rate of themeelvei by the mere disparity of their specific weights; and the sili- 
ceoni gangue, with a portion of oxide of iron, rises to the top ; leaving a metallic 
oompound of arsenic, cobalt, nickel, copper, and perhaps iron beneath. This latter, 
when carefully roasted in an oxidising liirnace, in contact with sand or ground flint, 
afibrds at once an impure silicate of cobalt and arsenide of nickel, — two marketable 
products. 

Since the manufacture of German silver, or Argentine plate^ became an object of 
commercial importance, the extraction of nickel has been undertaken upon a consider- 
able scale. The cobalt ores are its most fruitful sources, and they are now generally 
treated by the method of Wohler, to effect the separation of the two metals. The 
arsenic is expelled by roasting the powdered spms^ first by itself, next with the addi- 
tion of charcoal-powder, till the garlic smell be no longer perceived. The residuum 
is to be mixed with three parts of sulphur aud one of potash, melted in a crucible 
with a gentle heat, and the product being edulcorated with water, leaves a powder of 
metallic lustre, which is a sulphide of nickel free from arsenic ; while the arsenic 
associated with the sulphur, and combining with the resulting sulphide of potassium, 
remains dissolved. Should any arsenic still be found in the sulphide, as may happen 
if the first roasting-heat was too great, the above process must be repeated. The 
sulphide must be finally washed, dissolved in concentrated sulphuric acid, with the 
adcQtion of a little nitric ; the metal is to bo precipitated by a carbonated alkali, and 
the carbonate reduced with charcoal. 

In operating upon kupfernickel, or speiss, in which nickel predominates, after the 
arsenic, iron, and copper, have been separated, ammonia is to l^e digested upon the 
mixed oxides of cobalt and nickel, which will dissolve them into a blue liquor. This 
being diluted with distilled water deprived of its air by boiling, is to be decomposed 
by caustic potash, till the blue colour disappears, when the whole is to be put into a 
bottle tightly stoppered, and set aside to settle. The green precipitate of oxide of 
nickel, which slowly forms, being freed by decantation from the supernatant rod solu- 
tion of oxide of cobalt, is to be edulcorated and reduced to the metallic state in a 
crucible containing crown-glass. 

The reduction of the oxide of nickel with charcoal requires the heat of a powerful 
air-furnace or smith’s-forge. 

Nickel possesses a fine silver-white colour and lustre ; it is hard, but malleable, both 
hot and cold ; may be drawn into a wire ^th of an inch, and rolled into plates jrJ,,th 
of an inch thick. A small quantity of arsenic destroys its ductility. When fused it 
has a specific gravity of 8*279. and, w'hen hammered, of 8 66 or 8*82 ; it is suscep- 
tible of magnetism, in a somewhat inferior degree to iron, but superior to cobalt. Its 
melting'pcunt is nearly as high as that of manganese. It is not oxidised by contact 
of air, but may be burned in oxygen gas. 

Hiere is one oxide and a sesquioxide of nickel. The oxide is of an ash-grey colour, 
and is obtained by precipitation with an alkali from the solution of the elilo idc or 
nitrate. The sesquioxide is black, and may be procured by exposing the nitrate to a 
heat under redness. The hydrated oxide has a dirty pale-green colour. 

Analysis op Nickel. 

Niekd mag be detected by cyanide of potassium in an acid solution of it and cobalt ; 
the cyanide being added until the precipitate first formed is redissolved : dilute sul- 
phuric add is then added, and the mixture warmed and allowed to stand. A precipi- 
tate aii|>eariDg shows the presence of nickel, whether it be cobalt-cyanide or simple 
cyanide of nickel 

Nickel and cobalt are almost always associated together, and are veiy difficult to 

separate. 

Upon the fact that in a solution of oxide of cobalt containing free hydrochloric 
add the whole of the metal is converted into the super-oxide, by means of chlorine, 
*iduie the chloride of nickel remains unaltered in the acid solution, H. Hose based a 

suocessftil method for the separation of the metals. His method is as follows : 

^ Both metals are dissolved in hydrochloric acid ; the solution must contain a suffi- 
dent excess of free add ; it is then diluted with much water ; if 1 or 2 grammes of 
the oxides are operated on, about 2 lbs. of water are added to the solution. As cobalt 
possesses a much greater colouring-power than nickel, not only in liuxes, but also in 
solutions, the diluted solution is of a rose colour, even when tlie quantity of nickel 
present greatly exceeds that of the cobalt. A current of chlorine gas is then passed 
through the solution for several hours : the fiuid must be thoroughly satumted with 
It, ind the upper part of the flask above the liquid must remain filled with the gas 
the eureut nas oeaaecL Carbonate of baryta in excess is then added, and the 
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whole allowed to stand for 12 or 18 hours, and frequently agitated. Th# pifecipi- 
tated simeroxide of cobalt, and the excess of carbonate of baryta, are well washed 
witli cold water, and dissolved in hot hydrochloric acid ; after tho separation of the 
baryta by sulphuric acid, tho cobalt is precipitated by hydrate of potash, and, after 
being washed and dried, is roducod in a platinum or porcelain crucible by hydrogen 
gas. The fluid filtered from the superoxide of cobalt is of a pure green colour. It is 
free from any trace of cobalt. After tho removal of the baryta by moans of sulphuric 
acid, the oxide of nickel is precipitated by caustic potash. Even this method did 
not give exact results on the first trial. 0*3 18 gr. metallic nickel and 0'603 gr. 
metallic cobalt were employed, and 0*430 gr. oxide of nickel and 0*680 gr. cobalt 
were obtained ; 


Employed Obtained 

Nickel S4-63 3675 

Cobalt 65-47 62*98 


100-00 9973 


Tho cause of these incorrect results is, that the .solution was filtered an hour or 
two after tho precipitation of the siiperoxi<ie of cobalt by tho carbonate of baryta. 
It is necessary, Jiowever, to wait .*i considerablo time, at least 12 hours, or even 
18 is better, and allow the excess of carbonate of barj'ta to remain in contact 
with the solution, as the superoxide of cobalt is precipitated very slowly: this 
explains tho diminution of the cobalt and increase of the nickel in the above expe- 
riment. 

It will bo readily perceived that not only cobalt, but also other metals, as iron and 
manganese, may bo separated from nickel by this method. On tho other hand, oxide 
of cobalt may bo separated from the oxide of zinc, and other strongly basic oxide.s, 
which are not converted into suporoxidcs. Nickel and cobalt can, moreover, be sepa- 
rated from metals to which they boar a close analogy in various ways. 

Eroiii nickel, manganese may bo best separated in the same manner as cobalt. 
Manganese may bo separated from both of them, however, by a method which, in its 
essential parts, was proposed by Wackonroder. It is based upon the fact that, 
although uick(!l and cobalt are not pr<ripitated from their solutions by sulphuretted 
hydrogen, especially when they arc slightly acid, still the sulphides precipitated by 
liydrosulphato of ammonia are not dissolved by very dilute hydrochloric acid. When 
the oxides are contained in an acid solution (which should not contain nitric acid, 
iKAVcvcr), it is made ammoniacal, and tiny are precipitated as sulphurots by hydro- 
sulj)hat(‘ of ammonia. Very dilute bydrocliloric acitl is then added to the solution, 
until it has a very slight acid reaction; the sulphides of nickel and cobalt remain 
undissolvcd ; they are wa.'^lied w-ith waittT containing a little sulphuretted hydrogen 
and a trace of hydrochloric acid. The sulphide of manganese is dissolved with 
facility, but, although tho fluid filtered from the sulphides of nickel and cobalt gives 
only a rather dirty flesh-coloured precipitate on the addition of ammonia and hydro- 
snlphato of ammonia, still the sulphide of manganese contains small portions of 
sulphide of cobalt or nickel ; and when, therefore, it is treated anew with very dilute 
bydrocliloric acid, minute quantities of the black sulphides remain behind. By this 
repeated treatim'nt a very nearly correct separation may be obtained ,- but the results 
are more satisfactory in the separation of cobalt from manganese than of nickel from 
tlio latter metal, evidently bocauso nickel is not very perfectly precipitated by hydro- 
sulphate of ummonin : 0 303 g/-. of metallic cobalt and 0 38o gr. of binoxido of man- 
ganese guA'o — aft(T tho sulphide had been converted by aqt^a regia into oxide, and 
this precipitated by hydrate of potash, and after the chloride of manganese dissolved 
was free from sulphuretted hydrogen and precipiUitod by carbonate of soda — 0*302 
metallic cobalt and 0*392 oxide of manganese. 

0 2ol gr. of oxide of nickel and 0'296 gr. oxide of manganese, treated in the same 
manner, gave 0-214 oxide of nickel and 0 324 oxide of manganese. 

Iron also may bo separated from nickel, and better still from cobalt, in the same 
manner as manganese, since sulphide of iron, like sulphide of manganese, is easily 
soluble in very dilute hydrochloric acitl ; but in this case the resolution of the sul- 
phide of iron is likewise necessary: 0’425 gr. metallic cobalt and 0-170 gr. sesqui- 
oxidoof iron, when treated in this manner, gave 0*414 gr. metallic cobalt and 0*172 gr. 
sesquioxide of iron. 

Eor the debiils of processes which have been found useful^ in the separation of 
nickel from other bodies, the reader is referred to Watts’s * Dictionary of Chemistry,’ 

Alloys of Nickel,— \Qx\oviB alloys of nickel have been formed under different names ; 
the foUowing are a few of them : — 
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JfffmtOMt Of G§man Silver, eonBists of 8 parts of copper, 2 pi^s of nickel, and 
S parts of sine. This composition has often a yellow tinge, and it is con^uently 
employed for inferior articles only. Another formula gives copper 50 000, zinc 25*0, 
ana nickel 25*0. 

While Arffmtane, or Argentine Plate, is usually copper 8 parts, nickel 3 ^rts, zinc 
8 parts. Thiis is a very fine alloy, and passes under different names, according to the 
caprice of the manufacturer. A manufacturer’s receipt which we have seen is : copper 
60*0, siao 17*0, nickel 23*5. 

JSbcfrtMS, copper 8 parts, nickel 4 parts, and zinc 3 ^rts. This composition has 
many advantages, especially in its fine colour, and its resistance of oxidation. 

CSopper 8 parts, nickel 6 parts, and zinc 3 parts, is a very hard and fine compound- 
metm; but from its hardness there is some difficulty in working it. 

Tktenague of China— of the East Indies — is copper 8 parts, nickel 3 parts, 
and zinc 31 parts. 

A solder for German silver is prepared by fusing together 4 parts of the ordinary 
argentine and 5 parts of zinc. 

Nickel may, it appears, be alloyed with iron. Stromoyer describes a native com- 
pound of this kind ; and Berthicr states that, by heating the arsenide of nickel with 
uon in any proportions, double arsenides are obtained, which are hard and brittle, 
with a cast-iron colour. 

The process of nickel-plating, now extensively practised, is described under 
Electbo-Metalluhot. 

arzeOTXAVA TABACTTIIC. The tobacco plant ; so called in honour of 
John Nicot of Nismes, ambassador from the King of France to Portugal, who 
procured the first seeds from a Dutchman, who obtained them from Florida. See 
Tobacco. 

VZCOTUarzra. This is a concrete volatile oil, obtained by distilling tobacco- 
leaves with water ; a turbid liquid comes over, and, after standing some time, this 
oil forms on the surface ; only a very small quantity is produced, 6 lbs. of the leaves 
yield only 11 grains. This oil is solid, has the odour of tobacco, and a bitter taste. 
It is volatile, insoluble in water and the dilute acids, and in alcohol and ether, but 
soluble in caustic potash. It has a resemblance to camphor, and w'as called by 
Gmelin * Tobacco Camphor.’ 

nCOTZins. This alkaloid is the active principle of the tobacco-plant ; it was 
first obtained, in an impure state, by Vauquelin in 1809. It is contained in the 
different species of tobacco, probably in the state of mulate or citmto. It was ob- 
tained pure by Possel and Beimann from the leaves of the Nicotiana tahacum^ Macro- 
phgUa rmtica, and M. glutinosa. Nicotine and its salts have been examined and 
analysed by MM. Ortigasa, Barral, Melsens, and Schldsing. 

The following is the process employed by M. Schldsing for extracting the nicotine 
from the tobacco : — . 

The tobacco-leaves are exhausted by boiling- waiter ; the extract ih- then evapo- 
rated till solid, or to a sjTupy consistence, and shaken with twice its volumt^ of 
alcohol. Two layers are formed ; the under layer i.s black and almost solid, and 
contains some malate of lime, the upper layer containing all the nicotine. This 
latter is concentrated by distillation, and again treated with alcohol to precipitate 
certain substances. This solution is concentrated, and treated with a coucontrated 
•olution of potash ; it is allowed to cool, and is then agitated with ether, which 
dissolTes all the nicotine. To the ethereal solution is added powdered oxalic acid, 
when oxalate of nicotine is precipitated as a syrupy mass. This is washed with other, 
treated 'with potaeh, taken up with water, and distilled in a salt-bath, when the nico- 
tine oomee over, and may be rendered pure and colourless by redistilling in a current 
of hydrogen. 

M. kCeleens has observed the presence of nicotine in the condensed products of 
tobaooo-imoke. The oil which is formed in pipes after smoking tobacco in them, 
and whirii gives the colour to the pipe, contains nicotine. The question may then 
pezhaps be aeked, *lf tobacco-smoke contains such a deadly poison, why are there 
not mare ill effiacts foom smoking ? ’ It may perhaps be answered in this M'ay : tobacco 
when emdkad only yields about j^th or less of its weight of nicotine, and then very 
litUe of that Is condensed in the mouth. And, again, the system may become accus- 
tonii to it, as is the case with opium-eaters, and then it requires much more to take 
an flifect; it can scarcely be doubted, though, that the continual habit of smoking 
large quantitiee of tobacco is injurious. 

Nicotine when purs is a colourless, transparent, oily liquid, possessing an acrid 
odour and an acrid burning taste. Its density is 1*024, and that of its vapour 5*607. 
3^ restores the bine oedonr of reddened litmus, and renders turmeric brown. It 
teomes yrilowirii by sgSi and when eaposed to the air becomes brown and thick, 
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absorbing oxygen. It is very soluble in vrater, alcohol, and the oils (fixed and vola- 
tile) ; also in ether, •which has the power of extracting it completely from its aqueous 
solution. 

It is very hygrometrical ; exposed to a moist atmosphere it rapidly absorbs water, 
but loses it again in an atmosphere dried by potash. When thus hydrated it becomes 
a solid crystalline mass if exposed to the cold of a mixture of ice and salt. When 
anhydrous it does not become solid at 14° Fahr. It boils at 482° Fahr. and is at the 
same time slightly decomposed ; but notwithstanding its high boiling-point, it may bo 
easily distill^ with the vapour of water without decomposition. 

The vapour of nicotine is so irritating, that wo should experience a difficulty of 
breathing in a room where a drop of that alkaloid had been volatilised. Its vapour 
burns with a white smoky fiame, depositing charcoal, like an essential oil. Nicotine 
turns the plane of polarisation strongly to the left. From the volume of its vapour, 
and from the quantity of sulphuric acid required to form with it a neutral salt, the 
formula of nicotine would appear to be (C*®H‘^lir-) ; but from some of its 

combinations it would appear to be half of this, viz. C’‘’Il’N. 

By the aid of heat nicotine dissolves sulphur, but not phosphorus. Nicotine unites 
with acids, forming salts, which are very deliquescent, difficultly crysta Hi sable, in- 
soluble in ether, except the acetate, and when pure possess no smell, but an acrid 
tobacco t'lsto. The double salts which nicotine forms crystallise much more easily. 

The aqueous solution of nicotine is colourless, transparent, and strongly alkaline ; 
it forms a white precipitate in a solution of corrosive sublimate, also in a solution of 
acetate of lead, and w’ith both chlorides of tin. The precipitate which it forms with 
solutions of the salts of zinc is soluble in an excess of nicotine. Salts of copper give 
with it, at first, blue precipitates, but those dissolve in excess of nicotine, forming a 
deep blue solution, as they do when supersaturated with ammonia. Bichloride of 
platinum yields with it a yellow granular precipitate. A solution of permanganate of 
potash is immediately decolourised by a solution of nicotine. 

WZSXilLO (Ital.). JSigellum. An art to which we owe the origin of engraving. It 
consisted in drawing a design with a style upon gold and silver, and then cutting it 
with a burin ; a black composition made by heating together copper, silver, lead, and 
sulphur, which wlicn cold was pounded, was then laid upon an engraved plate, a 
little borax sprinkled over it, and placed over a charcoal fire, when the compo.sition 
tlissolvcd and flowed into the lines of the design. When cold, the metal was scraped 
and burnished, and the niello presented the efect of a drawing in black upon gold or 
silver. The art was known to the ancients and practised during the middle ages ; 
specimens, though rare are to bo met with in museums. In the fifteenth century 
these designs were frequently engraved w'itli groat delicacy, and the shadows hatched 
with lines, precisely like a copper-plate engraving. The origin of taking paper im- 
pressions from metal plates is ascribed to the practice of Maso Finiguerra, a Floren- 
tine goldsmith, wdio, in the middle of the fifteenth century, was in the habit of taking 
impros.sions of his incised work on cups and plaques in a viscid water-ink on paper, 
for the purpose of testing the sbito of his work. Such impressions of the early fathers 
of copper-plate printing still exist, and are known also as nuiloa. See Sttlphurs. 

larZOBJUIVE. A metal discovered in 1801 by Hatchett in a mineral called columhite, 
and hence it w^as named columhium. Rose rediscovered this metal in 1840, and gave 
it the name it now boars. Niobium is a black powder; specific gravity 6*27. 
Watts’s ‘Dictionary of Chemistry.’ 

XrZTBATlSS OF AMMOXTU, BBAO, POTASH, SZBVSB, SODA, 
STBOITTZA. The salts of nitric acid which are employed in the arts are described 
under the heads of the metallic or earth constituent. 

irZTHB. The common name for Nitrate of Potash. See Potash, Nitrate of. 

BTITBS, CUBIC. Nitrate of soda. See Cubic Nitre and Soda, Nitrate of. 
Our Imports of cubic nitre have been as follow : — 

1872 1873 

Tons Value Tons Value 

From Peru . . 1,365,195 £1,045,383 2,176,239 £1,604,040 

Bolivia . . 156,870 120,475 145,371 105,492 

Chili . . 65,966 42,451 85,260 57,173 

Other countries 16,166 12,122 537 ^26 

Total. . 1,694,197 £1,220,411 2,407,407 £1,767,131 

HZTBZC ACZD, Aquafortis (Acidc nitrique, Fr. ; Salpetersaure, Ger.), exists, in 
combination with the ha^es, potash, soda, lime, and magnesia, in both the mineral and 
vegetable kingdoms. This acid is never found insulated. It was distilled from salt- 
petre so long ago as the thirteenth century, by igniting that salt mixed with copperas 
or clay, in a retort. Nitric acid is generated when a mixture of oxygen and nitrogen 
VoL. ni. EE 
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gftiM, confined oyer water or an alkaline solntion, has a series of electrical explo- 
none passed through it. In this way the salubrious atmosphere may be converted 
into conosive aquafortis. When a little hydrogen is introduced into the mixed gases, 
standing ov®r water, the chemical agency of the electricity becomes more intense, and 
the a<^ is more rapidly formed from its elements, with the production of some 
nitrate of ammonia. The formula of the hydrated acid is HO, NO* (KKTO*) ; its equi- 
yalent being 54. 

Nitric acid is usually made on the small scale by distilling, with the heat of a sand- 
bath, a mucture of 3 parts of pure nitre, and 2 parts of strong sulphuric acid, in a 
large glass retort, connected by a long glass tube with a globular receiver surrounded 
by cold water. By a well-reg^ted distillation, a pure acid, of specific gravity 1-500 
may be thus obtained, amounting in weight to about two-thirds of the nitre employed, 
To obtain the whole nitric acid equal weights of nitre and concentrated sulphuric 
acid may be taken ; in which case but a moderate heat need be applied to the retort. 
The residuum will be bisulphate of potash. When only the single equivalent propor- 
tion of sulphuric acid is used, namely 48 parts for 100 of nitre, a much higher heat is 
required to complete the distillation, whereby more or less of the nitric acid is decom- 
posed, while a compact neutral sulphate of potash is left in the retort, very difficult to 
remove by solution in water, and therefore apt to destroy the vessel. 

Aquafortis is manufactured upon the great scale in iron pots or cylinders of tho 
same construction as are described under Hvdbochxoeic Acid, The more concen- 
trated the sulphuric acid is, the less corrosively will it act upon the metal : and it is 
commonly us^ in the proportion of one part by weight to two of nitre. 

Commercial aquafortis is very generally contaminated with sulphuric and muriatic 
acids, as also with alkaline sulphates and muriates. Tho quantity of those salts may 
be readily ascertained by evaporating in a glass capsule a given weight of the aqua- 
fortis ; while that of the muriatic acid may be determined by nitrate of silver ; and of 
sulphuric acid, by nitrate of baryta. Aquafortis may be purified, in a great measure, 
by redistillation at a gentle heat ; rejecting tho first liquid whicli comes over, as it 
contains the chlorine impregnation; receiving the middle portion as genuine nitric 
acid; and leaving a residuum in the retort, as being contaminated with sulphuric acid. 

Since nitrate of soda has been so abundantly imported into Europe from Peru, it has 
been employed by many manufacturers in preference to nitre for tho extraction of nitric 
acid, because it is cheaper, and because the residuum of the distillation, being sulphate 
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of soda, 18 more readily removed by solution from glass retorte, when a range of these 
set in a gallery furnace is the apparatus employed. Nitric acid of specific gravity 1*47 
may bo obtained colourless ; but by further concentration a portion of it is decomposed, 
whereby some nitrons acid is produced, which gives it a straw-yellow tinge. At this 
strength it exhales white or orange fumes, which have a peculiar, though not very dis- 
nOTeeable smell ; and even when largely diluted with water it tastes extremely sour. 
The greategt density at which it can be obtained is 1*51 or perhaps 1'62, at 60°Fahr., 
in which state, or even when much weaker, it powerfully corrodes all animal, vegetable, 
and most metallic bodies. When slightly diluted, it is applied, with many precautions, 
to silk and woollen stuffs, to stain them of a bright yellow hue. 

In the anhydrous stato, this body consists of 26T5 parts by weight of nitrogen, and 
73‘8*) of oxygon ; or of 2 volumes of the first gas and 5 volumes of the second. 

When of specific gravity 1*5, the acid boils at about 210° Fahr. ; of 1’45, it boils at 
about 240° ; of 1‘42, it boils at 253°; and of 1*40, at 246° F. If an acid stronger than 
1*420 he distilled in a retort, it gradually becomes weaker; and if weaker than 1*42, 
it gradually becomes stronger, till it assumes that standard density. Acid of specific 
gravity 1 *485 has no more action upon tin than water has, though when either stronger 
or weaker it oxidises it rapidly, and evolves fumes of nitrous gas with explosive vio- 
lence. Ill two papers upon nitric acid, published by Dr. Ure in the fourth and sixth 
volumes of the ‘Journal of Science’ (1818 and 1819), he investigated the chemical 
relations of these phenomena. Acid of 1*420 consists of 1 atom of dry acid and 4 of 
water; acid of 1‘485, of 1 atom of dry acid and 2 of water; the latter compound 
possesses a stable equilibrium as to chemical agency; the former as to calorific. Acid 
of specific gravity 1*334, consisting of 7 atoms of water and 1 of dry acid, resists the 
decomposing agency of light. Nitric acid acts with great energy upon most combus- 
tible substances, simple or compound, giving up oxygon to them, and resolving itself 
into nitrous gas, or oven nitrogen. Such is the result of its action upon hydrogen, 
phosphorus, sulphur, charcoal, sugar, gum, starch, silver, mercury, copper, iron, tin, 
and most other metals. 

Nitric acid is never obtained as the waste product of any chemical operation. 
Its manufacture is invariably the primary object of the process by which it is pro- 
cured. 

It has boon proposed to decompose nitrate of soda by the action of boracic acid, so 
as to produce bi borate of soda, or borax, and thus render the nitric acid a secondary 
product. The success of this process depends, however, upon a circumstance of a 
somewhat curious kind. Strong nitric acid is much more volatile than weak acid; 
and hence it is more easily expelled from its combination with soda in a concentrated 
than in a diluted form. Now, boracic acid has 3 atoms of water in its crystallised 
condition ; therefore, if we take 2 atoms of this acid, we have 6 atoms of ■vs’^ater to 
unite with the 1 atom of nitric acid capable of being disengaged from nitrate of soda ; 
whereas this quantity of nitric acid ne^s at most but 2 atoms. The secret, therefore, 
is to dry the boracic acid in the first instance, so as to got rid of the surplus water ; 
and this is easily done at a temperature of 212° Fahr., at which two-thirds of the 
water readily leave the boracic acid, and thus afford a mono-hydratod compound, 
2 atoms of which contain precisely the amount of water needed for 1 atom of nitric 
acid, and also of the boracic acid requisite for the production of the biborato of soda. 
'J'hcro ure some peculiarities connected with the application of the necessary tempera- 
ture, but they are of less importance. The biborate of soda is afterwards dissolved in 
hot water, and crystallised. 

Anhydrous nitric acid^ known to modern chemists as nitric anhydride^ nitric oxide, 
or nitrogen penioxidc, was discovered in 1849 by M. Deville, who isolated it by the 
action of dry chlorine gas on nitrate of silver, heated at first to about 200° Fahr., and 
then reduced in temperature to about 150°. The anhydride, or radical of the acid, is 
expelled, and condenses in transparent, brilliant, colourless crystals, which are ex- 
tremely unstable, and readily dissolve in water, with production of ordinary nitric 
acid. 

IsrZTRZTSSa Salts formed by the combination of nitrous acid with the metals, 
earths, or alkalis. See Watts’s ‘ Dictionary of Chemistry.’ 

irzraOBSVZO:L. Azohmzdl. C>2H»(NO<) [C«K>(ir02)]. It is importent 
in the arts, both as a source of aniline for the manufacture of dye-colours, and on 
account of its use for flavouring, as a substitute for oil of bitter almonds, which it 
closely resembles in flavour when pure, and over which it has the advantage of not 
being poisonous. 

It is prepared from benzol (which see) by adding it, drop by drop, into hot, fuming 
nitric acid ; the nitrobenzol separates on dilution with water in the form of a yellowish 
oil, which may be purified by washing with water alone, or a solution of carbonate of 
soda. It has a density of 1*209 at 60° Fahr. (16’5 Cent.), and just above the freezing- 
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point of water !• conyerted into a ciystalline solid. It is nearly insoluble in water ; 
W aloohol and ether disaolye it in all proportions. Its convorsion into aniline under 
the influence of reducing-agents has been before mentioned. See Aniline. 

Nitrobenaol may be viewed as having been derived from benzol, C‘^H* (C®H®), 
by the substitution of one equivalent of hydrogen by the tetroxide of nitrogen. 

WlTMOttlfi Symbol, N ; equivalent, 14 ; comhining^measiirc, two volumes ; spe- 
eifie gravity, 0*971 S ; Azote. {Nitrogene, Azote, Fr. ; Siiokstoff, Salpet^stoff, Ger.) 

liis gas, which serves so important a purpose in diluting tho atmospheric oxygen to 
the point necessary for healthy respiration, has been known, in a more or less im- 
pure state, since 1772, when Dr. Rutherfoid showed that the vitiated air from the 
lungs contained a principle incapable of supporting life, but differing from carbonic 
acid. 

Preparation, — Nitrogen is usually prepared from atmospheric air by removing its 
oa^ygen. This may be done in a variety of ways : — 1. By burning some substance in 
a confined portion of air, and remoiung the oxide by a solvent. Thus, alcohol burnt 
in air yields nitrogen, water, and carbonic acid, The water condensc's, and tho car- 
bonic acid may be absorbed by agitation with lime-water. Tho oxygen may also be 
taken away by the combustion of pho.sphorus. The phosphoric acid produced, being 
soluble in water, is easily removed. 2. Tho most elegant mode of obtaining the 
nitrogen, and one which, properly performed, is susceptible of the highest quantitative 
accuracy, is to pass air over red-hot copper, which absorbs the oxygen, forming oxidu 
of copper, pure nitrogen remaining. 3. The oxygen of atmospheric air may also 
be removed by certain solvents. A solution of pyrogjillato of potiish, or, rather a 
solution of pyrogallic acid in an exce.ss of potash, takes the oxygen from air with 
great rapidity and great precision. Upon this fact Liebig founded liis j^rocess for 
estimating the percentage of oxygen in certain gaseous mixtures. A very jiure 
nitrogen may be obtained, according t-o Coren winder, by heating a solution of nitrato 
of potash with chloride of ammonium. Nitrogen may bi' obtained from ammonia l)y 
the action of chlorine, which combines with tlic hydrogen. Flesh gently luxated with 
diluted nitric acid yields the gas, contiminated with its binoxide. The latter may 
conveniently be got rid of by passing the gases liberated through two Liebig’s potasli- 
bulbs filled with a moderately-concentrated solution of protosulpliate of iron. 

Properties. — Nitrogen has, especially until lately, beem regarded as one of tho most 
inert of the elements, as a body with but slight tendency to enter into combination, and, 
when combined, being easily removed by even the least energetic reaction. Tlii.s opinion 
has been founded on too limited a study of its properties. It is true that with some 
elements it unites but feebly, and such combinations are, in a few cases, docomposc'd by 
the slightest causes ; and, in the case of the so-called iodide and chloride, by mere fi'iction 
or percussion. But the energies of nitrogen are not to be estimated from these com- 
pounds alone. There are bodies with which it exhibits an int.ense desire for union ; 
among these may be mentioned carbon, titanium, and boron. Hydrogen and cc'rtaiu 
organic groups also unite readily with nitrogen, forming stable and highly character- 
istic classes of con^unds. 

Determination of the Purity ofliitrogen Gas. — The simplest and most accurate ]^roc*css 
is that of M. Bunsen, The first thing is to determine whether a combustible gas 
containing oxygen be present. For this purpo.so it is merely necessary to pass an 
electric spark through the gas contained in a eudiometer. If tho Imlk remains un- 
altered the absence of any considerable amount of combustible gas mixing w ith oxygen 
is proved. But they may be present in such small quantity, as compared with the 
noDOombustible gas, that no explosion can ensue on passing tho spark. It is tlien 
necessary to add some battery-gas in order to render the mixture inflammalde. | By 
^ batteiy-gas * is understood the gas obtained by the electrolysis of wmter.] For the 
piurpose the experiment, we may add to every 100 volumes of the gas under exa- 
mination 40 volumes of battery-gas. If the volume after explosion be imalter(*d, tho 
total absence of oxygen and combustible gases is demonstrated. It is still possible 
that the nitrogen may be contaminated with oxygen, although inflammable gases are 
absent. To determine this fact we must add both hydrogen and battery -gas in such 
poporUons that the volume of the original gas plus hydrogen is to that of the 
batteiT m as 100 : 40. If no oxygon be present the volume after explosion will be 
that of Ute original M and the hydrogen ; the reason }>eing that if oxygen had been 
pnsent Bome of the nydiogen would have disappeared in order to form water. The 
nitrogen gas may still be contaminated by a trace of a combustible gas. To deter- 
mine this point as much common air is to be added to the last mixture containing 
hydrogen as will fonn a detonating mixture with that hydrogen. This detonating 
minture so produced should form from 26 to 64 per cent, of the incombustible gases. 
If, on mahiiig the axploakm, it is found that two-thirds of the condensation is equal to 
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t ho volume of the hydrogen added, it will show that no combustible gai was present, 
and that, therefore, tho original gas consisted of pure nitrogen. 

Compounds of Nitrogen with O^uygen , — ^The following table contains the composition 
and principal physical properties of the oxides of nitrogen : — 


Table of the Composition and Physical Properties of the Oxides of Nitrogen. 


Name 

Formulfio 

Specific 
gravity 
of gas 

Combining vol. 

Atomic 

weight 

Weight of 
100 c. inches 
of gas or 
vapour 

Protoxide of nitrogen, 
syn. nitrous oxide or 
laughing gas . 

NO 


1*627 

Two volumes 

22* 

46*3 grains 

Binoxido of nitrogen, 
syn. nitric oxide 

NO* 


1*039 


30* 

32*2 „ 

Nitrous acid, syn. 
iiyponitrous acid . 

NO* 


2*630- 


38- 

81*5 „ 

Peroxide of nitrogen, 
syn. hyponitric acid 

NO^ 


1*720 

I 

46* 

53*3 „ 

Nitric acid 

NOMIO 

xro*B 

... 

1 ,,, 

63* 

... 


or NO«H 







In tho above table the densities of the vapours of nitrous and nitric acids are given 
as obtained by calculation on tho hypothesis that they could exist at 60° and 30 inches 
without condensation ; that is to say, as tho numbers would come out in a determi- 
nation of the vapour-donsity by the method by M. Dumas. 

Special Affinities of Nitrogen . — In the same manner that ordinary metallic substances 
absorb oxygen with avidity from the atmosphere, especially at more or less elevated 
temperatures, so other elementary bodies combine with nitrogen to form the nitrides. 
[Messrs. Wohler and Sainte-Claire Deville have carefully investigated this subject, and 
with groat success. When a mixture of titanic acid and charcoal is heated in a char- 
coal tray (contained in a charcoal tube) to a temperature sufficient to fuse platinum, 
and a current of dry nitrogen is sent over the mixture, the gas is absorbed with such 
rapidity that, no matter how npid the current, none escapes from tho tube. 

Boron also possesses groat tendency to combine with nitrogen at high temperatures. 
Amorphous boron heated in a current of ammonia becomes incandescent ; tho nitrogen 
is absorbed, and tho hydrogen escapes, and may be inflamed at the exit of the appi- 
ratiis. A mixture of boracic acid and charcoal, if ignited in a current of nitrogen, 
yields the white infusible nitride of boron, first described by Mr. Balmain under tlio 
name of JEthogen, l)iit subsequently more iiccurately investigated by M. Wohler. 

Silicon also combines with nitrogen under favourable circumstiinces. These facts, 
coupled -with the old experiment made by the French chemists on tho nitride of po- 
bissium, and the action of ammonia at a red hwit upon iron, show that nitrogen is 
far from being the inert substu,nco generally supposed. — C. G. W. 

irXTROOfiir, BXXrOXXDB OF; Nitrogen dioxide^ or Nitric oxide {Beutoxidc 
ddazotc^ Fr. ; Stickstoffoxyd, Gor.), NO* is a gaseous body which may bo 

obtained by X’otiring upon copper or mercury, in a retort, nitric acid of moderate 
strength. The nitrous gas comes over in abundance without the aid of heat, and 
may be received over water freed from air, or over mercury, in the pneumatic 
trough. It is elastic and colourless; what taste and smell it possesses are unknown, 
because the moment it is exposed to tho mouth or nostrils, it absorbs atmospherical 
oxygen, and becomes nitrous or nitric acid. Its specific gravity is 1*0393, or 1*04:; 
whence 100 cubic inches weigh 36*66 gr. Water condenses not more than ^th of 
its volume of this gas. It extinguishes animal life, and tho flame of many com- 
bustibles; but of phosphorus, well kindled, it brightens the flame in a remarkable 
degree. A mixture of nitric acid and bisulphide of carbon burns with a flame of 
high actinic power, and may be used in photography. Nitric oxide consists of 
47 parts of nitrogen gas, and 53 of oxygen gas, by weight ; and of equal parte in 
bulk, W’ithout any condensation. The constitution of this gas, and the play of affinities 
which it exercises in the formation of sulphuric acid, are deeply interesting to the 
chemical maimflicturer. 

The Nyponitrous Add (Salpetrigesaure, Ger.), like tho preceding compound, deserves 
notice here, on account of the part it plays in the conversion of sulphurous into sulphuric 
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Mid, by Uie agency of nitare. It is formed by mingling four volumes of binoxido of 
nitr^en •with one volume of oxygen j and appears as a dark -orange vnpour, -whicfb is 
oondeneable into a liquid at a temperature of 4° below zero, Fahr. When distilled, 
this liquid leavee a <^k yellow fluid. The pure hyponitrous acid consists of 37- 12 
nitrogen and 62*88 oxygen ; or of two volumes of the first, and three of the second. 
Water converts it into nitric acid and binoxide of nitrogen ; the latter of which 
escapee with effervescence. This acid oxidises most combustible bodies with peculiar 
enezgy; and though its vapour docs not operate upon dry sulphurous acid, yet, 
through the agency of steam, it converts it into sulphuric acid, itself being simul- 
taneously transformed into binoxide of nitrogen ; ready to become lij^ponitrous acid 
again, and to perform a circulating series of important metamorphoses. See Suli’Hu- 
Bic Aim. 

MITKOCm, VROTOatZBB OF, or Nitrous Oxide {Protoxide d azote, Fr.; 
Stiokatoffoxydul, Ger.), NO (W^O), is a gas which displays remarkable powep on the 
system when inhaled, causing in many persons unrestrainablo feelings of exhilaration, 
whence it has been called the laughing or intoxicating gas ; but the effects often vary. 
When pure this gas does not seem to bo injurious ; but the had effects which 
sometimes follow its use are most probably due to the use of the gas when not quite 
pure. It is now used by dentists and surgeons as an anacst hetic. 

It •was first discovered by Dr. Priestley in 1776, and was afterwards studied by Sir 
H. Davy, who called it nitrous oxide ; it was Davy also who first obser\'ed its stimu- 
lating effects when taken into the lungs. 

It is prepared by heating solid nitrate of ammonia in a flask, provided with a ])(‘nt 
tube to cany a'way til e gas; care must be taken in applying the heat, to avoid the 
tumultuous disengagement of the gas ; the nitrate melts and enters into gentle ebulli- 
tion, and the gas is steadily evolv^. If too much heat be applied, the flask becomes 
filled with white fumes, which have an irritating odour, and the gas whicii comes ovt r 
is little else than nitrogen. Protoxide of nitrogen should nlwaj’s bo colloctod over 
warm water, as cold water dissolves nearly its own volume of this gas. The following 
equation expresses the decomposition of the nitrate of ammonia : — 

NH<NO« «: 2N0 + 4HO (ITK^irO* « ar*0 + 2R20) 

the only products being water and protoxide of nitrogen. Protoxide of nitrogen, at 
ordinary temperatures, is a colourless, transparent, and almost inodorous gas, of dis- 
tinctly sweet taste. Its specific gravity is l-r)25; 100 cubic inches weigh 47*20 grains; 
it is therefore much heavier than atmospheric air. It supports the combustion f)f a 
taper or a piece of phosphorus with almost as much energy as pure oxygen ; il is 
easily distinguished, however, from that gas by its solubility in cold water, and l)y not 
forming red fumes when mixed with binoxide of nitrogen. It has bci n liquefied, 
although with difficulty ; it requiring at 45°Fahr. a pressure of fifty atmospheres ; the 
liquid when exposed under the bell-glass of an air-pump is rapidly converted into a 
snow-like solid. 

When mixed with an equal volume of hydrogen, and fired by the electric spark in 
the eudiometer, it explodes with violence, and liberates its omu measure of nilrogc^n ; 
every two volumes of the gas contain therefore two volumes of nitrogen, and one 
volume of oxygen condensed into two volumes. Py weight it contains 14 parts 
of nitrogen to 8 of oxygen. See Lauohino Gas. 

MITM>*01iirC0SB. When we act on finely-powdered cane-sugar witli nitro- 
sulphuric acid, a pasty mass is first formed ; if this bo stirred fora few minutes, him] is 
separate from the liquid. When these lumps are kneaded in water, until every trace 
of acidity is removed, they acquire a w'hite and silky lustre ; these arc the above-named 
•ttbstance. 

V2TB0*01iTCSUn. A compound produced by the action of strong nitric and 
sulphuric acid on glycerine at a low temperature. The following modes of pn paratiou 
are from Watts’s ‘ ftd^ionary of Chemistry ’ : — 

1. A hundred grammes of syrupy glycerine of specific gravity 1*262 are gradually 
added to 200 c.c. of nitric acid of specific gravity 1*62, immersed in a freezing mix t ure, 
the liquid being continually stirred, the temperature jil lowed to fall to — lO'^ Cent. 
before each freim addition, and never to rise above 0°. A homogeneous mixture having 
been thus obtained, 200 c.c. of strong sulphuric acid are gradually added, the mixture 
bring still Icept briow 0 ®. The oily nitro-glycerine (200 grms.) which then floats on 
the Burfiioe is separated by a tap-funnel from the acid liquid (whidi yields 20 grms. 
more of nitro-^yoerine on being diluted with water), and dissolved in the smallest 
posable quanta^ of ether; the solution is repeatedly shaken with water till the 
yter no longer reddens litmus; the ether evaporaUKl, and the remaining nitro- 
S^cerins heated over the water-bath until its weight remains constant. The product 
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amounts to 184 grms. of pure nitro-glycerine. According to Railton, nitro-gljcerine 
is decomposed by evaporation even in vacuo over sulphuric acid at ordinary tem- 
peratures. 

2. Half an ounce of dehydrated glycerine is poured, with constant stirring, into a 
mixture of 2 ozs. of oil of vitriol and 1 oz. fuming nitric acid of specific gravity 1*62, 
the temperature of the mixture being kept below 26® Cent, by external cooling with 
ice ; and as soon as oily drops begin to form on the surface, the mixture is poured, 
with constant stirring into 60 ozs. of cold water. Nitro-glycerine then separates, 
and may be purified by washing and dtying, in small portions, in a vapour-bath. 

According to Gladstone, nitro-glycerine exhibits different properties according to the 
manner in which it is prepared. Ordinary hydrated glycerine, added to a mixture of 
3 pts. sulphuric and 1 pt. fuming nitric acid, is converted into a liquid which detonated 
violently under the hammer ; but anhydrous glycerine treated in like manner, yields a 
non-explosive l>ody which burns without noise. Both kinds of nitro-glycerine when 
exposed to a mixture of solid carbonic acid and alcohol become gummy, and assume 
the Appearance of fatty acids ; and both decompose spontaneously with evolution of 
red vapours. A sample of nitro -glycerine, which decomposed in this manner on expo- 
sure to summer sunshine, yielded crystals of oxalic acid, together with two liquids, the 
upper of wliicli contained nitric acid, ammonia, oxalic acid, hydrocyanic acid, and 
other compounds not examined. Mills found that nitro-glycerine kept a fortnight, no 
longer exploded when struck, but showed no signs of decomposition or chemical 
alteration. 

Nitro-glycerine is well adapted for blasting, its destructive action being estimated at 
about ten times that of an equal weight of gunpowder. The first attempts to appl^ 
it as a mining agent were by A. Nobel, a Swedish engineer, in 1864. ^me expen- 
monts were first made with gunpowder saturated with nitro-glycerino. This powder 
burnt much as usual in the open air, but when confined in shells or blast-holes it 
produced greater destructive effects than ordinary gunpowder. Nitro-glycerine cannot 
bo employed as a blasting agent in the ordinary way, as the application of a flame 
from a cannon-fuse would not cause it to explode ; but when it is introduced in a 
suitable case into a blast-hole, and a fuse having a small charge of gunpowder 
attached to its extremity is fixed immediately above it, the concussion produced by 
the exploding gunpowder effects the explosion of nitro-glycerine. The use of nitro- 
glycerine is, however, attended with very great danger, on account of its great liability 
to explode by concussion or by friction during transport. Moreover, it solidifies at a 
temperature probably as high as 8® 0. (56® Fahr.), and the friction of the frozen par- 
ticles is very apt to give rise to explosion. Nobel has, however, found that the danger of 
accidental explosion of nitro-glycerine may bo obviated by mixing it with wood- spirit, 
which renders it non-explosive by percussion or by heat. When required for use, it 
may bo recovered by adding water to the mixture, which precipitates the nitro-glycerine. 
See Explosivb Compounds. 

irZTRO-imrRrA.TZC ACZD, or Aqua regia {Acide nitro ‘muriatique, Fr. ; Salpe- 
tersahsdure, Konigswasser, Ger.), is the compound menstruum invented by the alche- 
mists for dissolving gold. If strong nitric acid, orange-coloured by saturation with 
nitrous or hyponitric acid, be mixed wdth the strongest liquid hydrochloric add, no 
other effect is produced than might be expected from the action of nitrons acid of the 
same strength upon an equal quantity of W’ater ; nor has the mixed acid so formed 
any power of acting upon gold or platinum. But if colourless concentrated nitric 
ticid and ordinary hydrochloric acid be mixed together, the mixture immediately 
becomes yellow, and acquires the pow’er of dissolving these two noble metals. Mr. E. 
Davy seems first to have obtained a gaseous compound of chlorine and binoxide of 
nitrogen in 1830, and a combination of these two constituents was distilled from aqua 
regia, and liquefied by M. Baudrimont in 1843. But it was not until M. Gay-Lussac 
investigated the subject (Annates de Chimie, 3mo ser. xxiii. 203 ; or Chemical Gazette, 
1848, p. 269) that the true nature of the mutual action of nitric and hydrochloric 
acids was fully explained. AVhen these two acids are mixed in a concentrated state, 
a reaction soon commences, the liquid becomes red, and effervescence takes place, 
from the escape of chlorine and a chloro-nitric vapour. On passing this gaseous mix* 
ture through a U-tube, the bent part of which is immersed in a freezing mixture of 
ice and salt, the chloro-nitric compound is condensed as a dark-coloured liquid, and 
is thus separated from the chlorine which accompanied it. 

Chloro-nitric acid, NO*CF (IZOCl'-*), may be represented as a peroxide of nitrogen, 
in which two tjquivalents of oxygen are replaced by two equivalents of chlorine* This 
chloro-nitric add does not take any part in the dissolving of gold and platinum, which 
is effected by the chlorine alone. Cdiloro-nitric acid may also be formed by mixing 
the two gases, binoxide of nitrogen and chlorine, in equal volumes, which assume a 
brilliant orange colour, and suffer a condensation of exactly one-third of their original 
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ToluKie. Another oomponnd of chlorine and binoxide of nitrogen always appears 
simultaneously with this in rariable proportions. Its composition is NO-Cl (SfoCl), 
and may be represented as nitrons acid, NO*, in wliich one atom of oxygen has been 
replaced by its equivalent of chlorine. It is a vaporous liquid, possessing similar 
properties to the other, but having a much greater vapour-density. 

The theoretical vapour-density of the chloro-nitric acid is 174, and that of the 
chloro-nitrous acid 2*269. 

The vapours of both tliese compounds are decomposed, when conducted into water, 
into hydr^hloric acid and hyponitrie acid or nitrous acid. They are also decom- 
posed by mercury ; the chlorine combining with the met'il, leaving pure binoxide of 
nitrogen. 

Various proportions of nitric and h 3 ’’drochloric acids are used in making aqua regia; 
sometimes two or three parts, and sometimes six parts of hydrochloric acid to one part 
of nitric acid ; and occasionally chloride of ammonium, instead of hydrochloric acid, 
is added to nitric acid for particular purposes, as for making a solution of tin for the 
dyers. An aqua regia may also be prepared by dissolving nitro in hydrochloric 
acid. 

MXTKOITS ACm (NO* ; equivalent, 38), is obtained by mixing ft'iir 

measures of binoxide of nitrogen with one measure of ox^^gen ; they unite and form an 
orange-red vapour, W’hich, when exposed to a temperature of 0° Puhr., condenses fo a 
thin mobile green liquid. It is decomposed by w'ater, and is converted into nitric acid 
and binoxide of nitrogen. 

3NO» + HO *IINO« + 2NO!^ (SW^o* -h H^O = 2BirO* + 

On this account it cannot be made to unite directly with moUillic oxides ; the salts 
of this acid are therefore obtained by an indirect process. Nitrate of potash, when 
exposed to a high temperature, is decomposed, losing oxygen and becoming nitrate of 
potash; some caustic potash is also formed at the same time. To obtain it pure, this 
is dissolved in water, and while boiling we had nitrate of silver, when w(; obtain first 
of all a dark precipitate of oxide of silver, caused by the c/instic potash ; which is 
separated by a filter, and on cooling the liquid the nitrate of silver crystallises in 
white needles, which may be purified by recrystallisation. Trom this salt the pure 
nitrites may be obtained ; for instance, bj* adding to a solution of nitrite of silver 
chloride of potassium we obtain the potasli salt. 

Hyponitrie Add (NO^ [W*0^] ; equivalent, 46), is best procured by distilling, in a 
coated glass retort, perfectlj" dry nitrate of lead. Hj^ponitne; acid and oxj’gen pass 
over into a receiver, surround^ with a freezing mixture; the former condenses into 
a liquid, while the oxygen passes off b}^ the safety tube, and only oxide of h ad 
remains in the retort. This Inq^onitric acid or peroxide of nitrogen is a liqiiitl. 
colourless at —4° Fahr., but is at higher temperatures yellow and orange. It boils at 
82° Fahr., gives off a dark red vapour, which becomes almost black wlion fuiMher 
heated. A beautiful lead-salt of this acid has been discovered by M. Peligot. Jl is 
formed by digesting a dilute solution of nitraU- of lead with finel^^-dividod inetillif 
lead at a temperature between 160° and 170° Fahr. See Watta’s ‘Dictionary of 
Chemistry.’ 

SrOBXiB MBTBBS. This was a division formerly adopted : it included those 
metals which can be separated from oxy’gcn by heat alone ; these are mcrcuiy', silver, 
gold, platinum, palladium, rhodium, iridium, and osmium. 

motXA is the term used in the worsted trade for the short wool taken from tlu^ 
long staple by the process of combing, and is used to give apparent solidity or 
thickness in the handling of cloth. 

VOW-ZMFBAMMABU FiLBltZCS. See Muslin, non-inflam mahlc. 

VOBAXi is the Mexican name of the plant Cactus opuntia^ upon which the cochineal 

insect breeds. 

yO BBB AlTBBBr JELCTD» Brown fuming sulphuric acid, used as a solvent of 
indigo. See Sulphtjbic Acid. 

^ VOBIUII. The name of a metal which was thought to be always associated with 
nirconinm. It is, however, doubtful if it has any existence. 

VOTBVXmr. in 1816, Berzelius, the clicmist, proposed a sy.stcm of notation in 
which the use of initial letters was adopted to signify the clementjiry bodies. ’I'iiis 
idea has been continued and improved upon by modern cheniist.s. The irn>d( rn 
s^rstem of notation endeavours to express by initial letters, figures, and a few sinijde 
signs, not merely the elements, but their combinations. The modem system of 
notation will be l^t studied in Watts’s ‘ Dictionar}’ of Chemistry.’ fSee 
Chemical. 

^ A liquor flavoured with the kernels of poiich-stonos. An inferior kind 
it flavoured with the essential oil of bitter almonds. 
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KTirCMIllIT^ or Pcpita, A lump of gold as found in nature. Usually those masses 
are found in hollow spaces, honcath the deposits which have been made by ancient 
torrents. Tliey are, of course, alw'ays derived from the quartz-lode in which the 
gold has been originally deposited. These lodes have been worn down by the long- 
continued action of water, and by the same agent the more friable quartz has been 
removed, the gold being left eventually nearly pure. See Gold. 

The following are the weights of a few of the largest nuggets which have been 
found : — 

lbs. oz. 


* Welcome Nugget,* Ballarat, Victoria . . 

A mass found in the Ural Mountains . 

The Bascombe nugget, found at Bendigo 
Another from the same locality . 

Ditto Ditto 

Brom Forest Creek, Mount Alexander, Victoria 


. 168 3 
. 79 0 
. 27 8 
. 28 0 
. 45 0 

. 27 6 


KVT-aAXiZiS. See Gall-Nuts. 

]frUT-OX1«. An oil professedly obtained from walnuts, which is thought to bo 
superior to the best linseed-oil for delicate pigments ; when deprived of its mucilage 
it is pale, transparent, and limpid. 8eo Oils. 

iriJTMX:CS> {Muscadc, Fr. ; Mmhaienntm^ Ger.) is the fruit of the Myristica 
iiwschata, of Thunberg, M. officinalis of Linnaeus, a very beautiful tree of the family 
of the Laurinm of Jussieu. 

The nutmeg grows in the Molucca Islands; it is cultivated in Java, Singapore, 
Sumatra, and many islands of the Indian Ocean, and also in some parts of the West 
Indies. The Dutch, it is said, endeavoured to confine the growth of the nutmeg to 
llircG of the Banda Isles ; but their attempts were frustrated by a pigeon, called the 
nutineg-lnrd, which, extracting the nutmeg from its pulpi’’ pericarp, digests the mace, 
but voids the nutmeg in its shell, which, falling in a suitable situation, readily ger- 
minates. Young plants thus obtained are used for transplanting into nutmeg-parks. 
In the Banda Isles there arc three harvests annually ; the ripe fruit is gathered by 
nu'ans of a barl) attached to a long stick, the mace separated from the nut, and both 
separately cured. 

Mace, is prepared for the market by drying it for some days in the sun : some flatten 
it by the hands in single layers ; others cut off the heels, and dry the mace in double 
blfulcs. 

JSutmegs require more care in curing, on account of their liability to the effects of 
an insect (the nutmeg-insect). They are well and carefiilly dried in their shells l)y 
Ix'ing placed on hurdles, or gratings, and smoke-dried for about two months by a slow 
wood Are, at a heat not oxceodiug 140^ Fahr. 

Dr. Pereira informs us that, ‘ In tlio London market, the following arc the sorts of 
round nutmegs distiiiguisliod by the dealers: — 

‘ ] . Penang nnfmegs. — The.se are unlimed or brown nntmogs. They are some- 
times limed here for exportation, as on the Continent tlio limed sort is preferred. 
According to Newbold the average amount annually raised at Penang is 400 piculs 
(of 133J lbs. each). 

‘ 2. Dutch, or Batavian mitmegs. — Those are limed nutmegs. In London they 
scarcely fetch so high a prict^ as the Penang sort. 

‘ 3. Singapore nutmegs. — These are a rougher, unlimod, narrow sort, of somewhat 
less value than tlio Dutch kind. According to Mr. Oxley, 4,085,361 nutmegs were 
produced in Singapore in 1848, or about 262 piculs (of 133^ lbs. each), lait tlie 
greater number of trees had not come into full bearing ; and it was estimated that 
the amount w'ould in 1849 bo 500 piculs.’ 

The long or wild-nutmeg is also met with in commerce. 

Mace oi two kinds is found in tlie market— the true and false. 

Of the true maces there are the following varieties : — 

1. Penang 'mace. — This fetches the highest price. It is flaky and spread. The 
annual quantity produced in Penang is about 130 piculs (of 133.] lbs. each). 

2. The Dutch or Batavian mace is a flesliy sort ; it is not considered eqmil to the 
Penang mace, and rarely fetches so high a price. 

3. The Bivgapore macc is regarded as very inferior to the other sorts. It is, how- 
ever, often of fine flavour and good colour, and, when selected, is sold with the better 
sorts. 

The vnld or false mace is devoid of aromatic flavour. 

The uses of nutmegs and mace in dietetics arc w(dl known. An essential oil of 
nutmegs ( Oleum myristicee) is obtJiincd by submitting water and nutmegs to distil- 
luLion. By distillation they yield from 9 to 10 lbs. of essential oil for every cwt. 
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Thii Toktile oil hi largely imported into this country, and is used for scenting soap, 
a nd in pei famery. 

M PyMaa , BVTTW or. See Oils. 

arOTMTSOir, or that process by which a living being is nourished and its 
growth maintained, has so important a bearing upon the practical question of health, 
tiiat a brief exposition of the subject, especially with reference to the food of man, 
may kirly find a place in this work. 

Every living animal organism needs a constant supply of matter from without, 
partly to furnish materials for those chemical changes by which tho forces of the 
organism are developed, and partly to compensate for the wear and tear which the 
structure sufiers in the performance of its various functions. The quantity of matter 
thus required in the shape of food varies in different organisms, and in the same 
organism under different conditions ; indeed, tho more work an animal performs the 
greater its waste, and consequently tho greater the amount of food which it requires. 
It has been calculated that a full-grown man of average weight, in ordinary activity, 
loses daily about 4,600 grains of carbon and about 300 grains of nitrogen. It is 
clear that if the body is to remain in equilibrium, neither losing nor gaining in 
weight, these quantities of carbon and nitrogen must bo supplied from without, and 
presented in a form available for nutrition. 

All kinds of food have been divided into two groups : those containing nitrogen, 
and those destitute of this element. To the nitrogenous group belong all proteinaceous 
compounds, consisting mainly of carbon, hydrogem, oxygon, and nitrogen, with more 
or less sulphur and phosphorus. This group includes alhumen, or whito-of-egg ; 
sgntonin, which forms the chief constituent of muscular tissue or lean meat ; fibrin, 
one of the derivatives of blood ; casein, obtained from cheese ; gluten, from flour ; and 
legumin^ from peas and beans. To the non-nitrogen ous group belong all amylaceous 
compounds, such as starches, sugars, and gums : these contiin only ciirlK)n, hydrogen, 
and oxygen ; and, as the hydrogen and ozygen exist in exactly tho proper proportion to 
form water, they may be appropriately called carbo-hydrates, consisting as they do of 
carbon and the elements of water. The non -nitrogenous food-stuffs also include all 
animal and vegetable fats and oils ; these consist, likewise, of carbon, hydrogen, and 
oxygen, but the hydrogen is in excess of that necessary to form water w'ith tho 
oxygen. Liebig termed the nitrogenous foods elements of nutrition or fivsh-formers, 
since he believM that they only were capable of conversion into blood, and therefore 
of building up the body; whilst he characterised the non -nitrogenous principles as 
elemsnU of respiration or heat-givers, since he mainUiinod that they sen’ed merely to 
sustain the temperature of tho body by the slow combustion of their carbon end 
hydrogen by means of the atmospheric oxygen taken into the system through the 
lungs. It is now known, however, that this sharp limitation of functions each 
class of foods is not strictly correct. It is true that nitrogenous compounds arc abso- 
lutely necessary to replace the nitrogen which is carried out of the system in tho 
shape of urea; yet they may also contribute to the production of heat by oxidation 
of part of their carbon and hydrogen. But although proteinaceous compounds are 
thus absolutely necessary to tho support of life, and may even be used alone, tlu;re are 
strong physiological and economical reasons in favour of their due admixture with the 
non-nitiogenous kinds of food. It should not be forgotten that it is necessary to int ro- 
duceinto the diet certain mineral substances, such as common saltand the various snline 
matters present in most animal and vegetable substances. In such a typical food 
as milk we find the proteinaceous, saccharine, oleaginous, and mimral matters so 
nicely balanced, that all the nutritive functions in infancy are, well sustained by 
this single article of diet Bread and meat may also be cited as a represen tfitive 
mixed diet; the gluten of the bread and tho lean of the meat representing tbe 
nitrogenous principles, and the starch of the T>road and the fat of tho meat being 
non«nitrogenou6, whilst mineral matters are found in both. The amount of carbon 
and nitrogen which was previously stated to bo daily excreted by a man of ordi- 
nmy activity may be replaced by a diet made up of about 2 lbs. of bread and f lb. 
of meat per 

For further Information on this subject, see Watts’s ‘Dictionary of Chemistry.’ 

The following remarks on the law regulating the balance of the food are retaincKl 
fipom the loom article by the late Robert Dundas Thomson which appeared in tho 
last edition, nnoe they place the question in a very clear light. 

Dnri^ the present century a large amount of experiment has clearly demonstrated 
that animals cannot subsist on starch, su^, or other foods destitute of nitrogen ; and 
thorefi^, the inference was fairly deduced that the animal system possessed no power 
of assimilating nitrogen from the air {Magendie), Further consideration led to the 
OOnclution that milk constitutes the t^ of what nutriment should be, since it is 
iii$pliod for ammal support by nature at the earliest period of human existence 
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(Prout^ and contains nitrogenous matter, oil, and sugar. Afterwards, experiments 
were made to determine the amount of nitrogen in food, and the relative value of 
nutriment was tubularly stated, in dependence on the ratio of nitrogen present in each 
species {Boussiti^ault, Ann. de Chim. Ixiii. 226, 183G), a method which has been super- 
seded. It was subsequently inferred that nitrogenous matter supplied the waste of 
the muscular tissue, while the non-nitrogenoiis constituents of the food served for 
respiratory purposes, or the production of animal heat by obviating the too rapid 
transformation of the muscular elements of the h(Ay {Liebig^ Organische Chemie, 1842). 
This was the true key to the solution of the problem as to the function of the nitro- 
genous and non-nitrogenous food, and it laid open a wide field for enquiry in reference 
to the applications of rational systems of dieting to the animal system. For example, 
it was found in a series of experiments conducted for the British Government in 1846, 
that in a stall-fed cow in one day, taken from an average of several months, the 
amount of food conveyed into the circulation of the blood of the animal, was 14*66 lbs. 
weight ; and wlien the nature of this mass of nutriment was subjected to chemical 
inquiry, it appeared that 1*56 lb. consisted of nitrogenous matter, and 13 lbs. of non- 
nitrogenous fo{>d. When the relation between these two quantities is calculated, it 
results that the nitrogenous is to the non-nitrogenous food as 1 to 8*33, in the case of 
an animal at rest. This observation led to researches into the relative constitution of 
food as employed by different nations ; and the deduction vy;gs made, that it is a Jaw 
of nature that animals under the different conditions of rest and exertion, require food 
in which the relation of the nutrient or nitrogenous food is different in reference to 
the non-nitrogenous or heat-producing (calorifiant) constituent: — that the animal 
system may be viewed, as in an analogous condition to a field, from which different 
crops extract different amounts of matter, which must be ascertained by experiment , 
— an animal at rest consuming more calorifiant food, in relation to the nutritive con- 
stituents, than an animal in full exercise. From the analyses then instituted the 
following table was constructed ; — 


Approximate relation of nutritive or nitrogenous to calorifiant matter. 


Milk focKl for a growing animal 

Beans 

Peas I 


Relation of Nutritive to 
Calorifiant Matter. 


Linseed 

Scottish oiitmoal 
Wheat flour | 
Semolina I 

Indian corn ( 
Biirloy J 

Potatoes . 

Eiist Indian rice 
Pry Swedish turnips 
Arrowroot 
Tapioca 
Sago 
Sliirch 


Food for an animal at rest 


sn 

} 


. 1 

to 

2 

. 1 

»» 


. 1 

„ 

3 

. 1 

,, 

6 

r 1 


7 

< 

to 


1 > 

)» 

8 

. 1 

>> 

9 

. 1 

,, 

10 

. 1 

fi 

11 


26 

40 


These pro]X)rtions will consequently vary considerably according to the richness 
of the grain or crop, and hence similar tables which have been subsequently pub- 
lisliod by others will bo found to differ in some of the details from the preceding 
data ; but the facts now stated-given as approximate — are probably as good averages 
as could be selected. — R. D. Thomson, ‘ Modico-Chirurgical Trans.,’ xxix., and ‘Ex- 
perim. Researches on the Food of Animals,’ 1846, p. 162. 

The Tabic on the following page is an illustration of the law* of the equilibrium of 
the food. 

The table is read thus: — an English soldier consumes weekly 11,703 grammes (a 
gramme equal to 15*44 grains) of food. In this food 1,119 grammes are nitrogenous 
or flesh-forming matter ; 3,937 non-nitrogenous or heat-producing material ; 162 mineral 
substance ; the organic matter containing 2,219 grammes carbon. The relation of the 
nitrogenous to the non-nitrogenous matter is as 1 to 3’60* From this table the results 
have been deduced that soldiers and sailors consuming 35 ounces of nitrogenous or 
flesh-forming food weekly, and 70 to 74 ounces of carbon, the proportion of the carbon 
in the flesh-forming, to that in the respiratory or heat-forming food, is ns one to three. 
Older persons require only 25 to 30 flobli-forming matter weekly, and from 72 to 78 
respiratory food ; the relation of the carbon in these is as 1 to 5. Boys of from ten 
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Non- 

nitro- 



Relation 
of nltro- 


Weekly 

Isltro- 

Mineral 


genouB 


con- 

penous 

oonstl- 

Carbon 

to non- 

Biitabibs of Soldiebs and Sailoks 

sump- 

tion 

mutter 

matter 

tnents 


nitro- 

genous 

matter 

gnns. 

prms. 

grins. 

grms. 

grms. 

Asl to 

English soldier .... 

11703 

1119 

3937 

152 

2219 

3-50 

II 1 , in India . 

9080 

1057 

3195 

74 

2053 

3*02 

11 sailor (fresh meat) 

0350 

1078 

3185 

98 

2184 

2-96 

t, M (salt meat) 

Dutch soldier, in war 

8978 

1274 

4092 

187 

2706 

3-69 

6130 

1090 

3160 

67 

2293 

2-90 

M „ in peace . 

11867 

769 

3306 

128 

2191 

4-35 

French soldier 

10742 

1029 

3965 

143 

2639 

3-84 

Bavarian soldier .... 

7492 

652 

3161 

103 

1933 

4-85 

Hessian soldier • • . . 

13096 

712 

4210 

... 

2384 

5-91 

Dietabies of Children 







Christ’s Hospital, Hertford 

6687 

631 

1897 

76 

1213 

3o7 

„ London 

7488 

634 

2378 

88 

1453 

4-45 

Chelsea Hospital boys’ school . 

7586 

401 

2888 

183 

1786 

7-20 

Greenwich Hospital „ 

7161 

670 

2685 

81 

1637 

471 

Dietabies of Aged Peusoks 
Greenwich pensioners 

8328 

757 

3784 

100 

2242 

4-87 

Chelsea „ ... 

10278 

906 

3487 

144 

2410 

3'86 

Gillespie’s Hospital, Edinburgh 

4829 

661 

2858 

73 

2210 

4 '39 

Trinity Hospital „ 

6944 

608 

3014 

104 

1774 

4 95 

Dietabies of Aged Foob 







1st class 


626 

2743 

101 

1681 

4-38 

2nd 


463 

2773 

89 

1682 

5{)9 

3rd 


488 

1 3092 

121 

1710 

6 ‘33 

4th . . . • . • 


696 

3617 

123 

2101 

608 

6th . . . . . . 


479 

2988 

111 j 

1 1694 

1 6-24 

6th . . . . . . 


464 

2726 

88 

1 1635 

6 00 

Mean of all English counties 

St. Cuthbert’s, Edinburgh 


681 

3066 

... 

1796 

4 'Oil 

6418 

! 458 

1 2766 

102 

1454 

004 

City poorhouse „ 

3312 

412 

1647 

51 

976 

3 7 ' > 

Dietabies of English Pbisons 







2nd class, above 7 not above 21 days . 
3rd „ 21 „ 6 weeks’ 

6393 

472 

3463 

107 

1834 

7-34 

hard labour 

4th, 7th, 8th classes, above 6 weeks’ 

9144 

1 

665 

3827 

125 

2091 

6 77 

not above 4 months’ hard labour . 

8405 

649 

3900 

156 

2162 

6-00 

6th class, above 4 months’ hard labour 

10092 

628 

4042 

1 131 

1 2270 

()-13 

Abctic and other Dietaries 







Esquimaux 

... 

7740 

39628 


34830 

5'12 

Yacut 

... 

3093 

19814 


29907 

646 

Boschesmen 

... 

1777 

11393 


17182 

6-41 

Hottentots 

... 

1323 

12394 


18699 

9-36 

Farm labourers, Gloucestershire 

6066 

826 

3299 

34 

2323 

3-97 


to twelve je&n of age require 17 ounces of flesh-forming matter, the relation of tlio 
cai^n in the flesh-forming to the heat-producing aliment being as ] to 5.^ In work- 
houses and jmls, less heat-producing matter is consumed, in consequence of tlie shelter 
and heat sallied ardflc^ly to the inmates. In prisons, where hard lalxiur is in 
foree, the eonssmptioa of flesh-forming or nitrogenous nutriment increases. It has 
been estimated that in a man weighing 140 lbs., the weight of the flesh-forming matter 
of the blood is 4 lbs., that of the muscular tissue 27ilbs., and in the bones dibs., 
tt*kin^ a total of 36| lbs. ; and that in the course of 18 weeks these 86^ lbs. are iutro- 
d ueedmt o t he syst em, (ina^air, ‘New Edin. Phil. Journal,’ 1864, 66,202). 

WK VWIMAi StryeinM nux ffomica, Lian. The seeds of a tree growing in 
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Coromandel and other parts of India and Ceylon. From those strychnine is obtained. 
See Strychnine. 

Nux vomica bark was at one time confounded with Angustura or Cusparia bark, 
and serious consequences might have ensued but that the error was discovered in 
time. It is now rarely seen. 


O 

OAK. {Chene, Fr. ; Eich, Ger.) This well-known European tree is so familiar 
that it sciircely requires any description. The varieties generally known in England 
are the following : — Quercus pedunculata^ Common Oak, which is a native of Britain, 
and is largely employed in building ships. Quercus ilex. Evergreen Oak : this tree 
is not a native, but has boon cultivated in Britain from the most remote period. 
Quercus cerris, Turkey Oak : introduced into this country more than a century since. 
Quercus coccinea, Scarlet Oak : the leaves changing with the first frosts to a brilliant 
scarlet. Qiurcus sessilijlora. Common short-stalked Oak : this is said to excel for 
building purposes any other oak. 

Oak, Bog. Oak trees which liavo boon buried for a long period in peat bogs, 
become intensely black ; and this ‘bog oak’ is employed in the manufacture of 
furniture and articles of ornament. 

OAJL-BAJtSl. Tho oak tree is generally barked from the beginning of May to 
the iiiidiileof July. Tho barkers make a longitudinal incision with a mallet furnished 
with a sharp edge, and a peculiar incision by means of a barking-bill. The bark is 
then removed by peeling-irons, tho sepjiration being promoted, when necessary, by 
beating the bark. It is collected and .stacked in pieces about. 2 feet long. Oak-bark 
contains, according to Braconnot, tannic acid, tannatosof tho earths, gallic acid, pectin, 
and lignin. Davy, in his ‘Agricultural Chemistry,’ gave tho following as the relative 
quantities of tinnin contained in oak-bark : — 

480 lbs. of entire bark of a middle-sized oak cut in spring . 29 lbs. 

„ coppice oak 32 „ 

,, oaks cut in autumn 21 „ 

White interior cortical layers 72 ,, 

8t;e Lkathkr ; Tan ; Tanning. 

OAJL, BYZK’S. See Gall-Nuts, 

OAJL-GAX.Z.S. See Gall-Nuts. 

OAST. Hop Oast. A kiln for drying hops, heated by a stove with flues. 

OATS. {Avoinc, Fr, ; Hafir, Ger.) The oat is extensively cultivated in these 
islands, especially in Scotland. In fact, Scotland is tho country admittedly tho best 
tilled for the growth of oiits. The estimated number of acres of cultivated land in 
S.-otl:ind is 2,400,000 ; of which 220,000 are under wheat, 280,000 under barley, and 
1,270,000 under oats. 


Oats returned as sold in various Market Towns in England and Wales. 





1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 




qrs. 

qrs. 

qrs. 

qrs. 

qrs. 

qrs. 

qrs. 

qrs. 

.January 



34, ‘JIG 

32,801 

29,956 

33,726 

24,102 

19,193 

21,524 

19,3*4 

February . 



36,836 

42,600 

31,612 

.56.789 

23,012 

20,952 

28.045 

23,586 

March 



33,607 

.39,674 

36,939 

37,381 

15,946 

24,606 

28,299 

28,203 

April . 



•23,423 

17,034 

17,841 

18,856 

11,899 

21,852 

21,694 

18,489 

May . 



16,73U 

9,911 

14.519 

17,768 

10.517 

12,519 

7,928 

10,447 

June . 



8,833 

9,301 

9,670 

6,5(K) 

5,838 

11,973 

5,556 

9,282 

July . 



y.&ao 

4,779 

6.444 

4,672 

4,754 

8,503 

6,017 

5,442 

A.Q)J:ust 



8,020 

5,706 

7. (•42 

7,644 

6,060 

8,932 

4,761 

4,156 

Kei)tember . 



26,029 

12,417 

16,(»27 

14,564 

11,992 

16,087 

12,558 

9,767 

October . . 



24,227 

21,634 

;»,528 

15,355 

19,449 

18,664 

15,103 

16,985 

NuTember , 



ij>.uy2 

22,520 

40.460 

15,755 

13,415 

17,230 

18,677 

21,499 

Deoember , 



86,656 

36,445 j 

39,738 

20,907 

14,723 

25,576 

27,955 

22,170 

Total 

1 

• 


217,315 

254,722 

284,776 j 

249,867 

161,707 

206,091 

197,122 

184,875 


These returns of the sale of oats were obtained from 290 towns previous to Jan. 1, 
1865, and from 150 towns since. They represent, therefore, but very imperfectly the 
quantity of oats produced in these Islands. Our agricultural statistics are, unfortu* 
nately, in a very unsatisfactory state, 
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A glaaiy mineral ; ao called, it is stated, from Obsidiust a Boman, 
who brought it from Africa. It is a true volcanic glass, and occurs in streams, or in 
detadbed matoefi near many volcanic mountains. It was largely employed by the anciont 
Me^eana aa a material for knives and other cutting-instruments. 

OOOliinUOir. A term applied by the late Professor Graham to the absorption 
of gaaea by metals, and the shutting up of the same. Hydrogen in the nascent state 
ia obforbea in lar^ quantities by palladium, and to some extent by other meUils. 
Thia gas ia held by the metal until exposed to heat or other conditions, by which it 
ia libmted. Occlude is an old word in our language signifying to shut vp. See 
Latham’s * Dictionary of the English Language.’ 

OCnnUi. {Ocre, Ft.; Ocker, Ger.) Ochre is, truly, a peroxide of iron and 
water; but a native earthy mixture of silica and alumina, with oxide of iron in 
yarious proportions, and sometimes calcareous matter and magnesia, is usually re- 
garded as ochre. The term is applied, indeed, without any great degree of exactness, 
to any combinations of the earths with iron, which can be employed for pigments 
and the like. According as the colour varies, we have yellow, brown, and red ochres. 

In Cornwall considerable quantities of ochres are obtained by carefully washing the 
ferruginous mud, which is separated from poor tin and copper ores after they have 
been submitted to the action of the stamps and the ordinary processes of washing and 
roasting. 

The iron paints formerly prepared by Mr. Wolston of Brixhara must be regarded 
aa ochres. They are found in connection with iron lodes which exist in the rocks 
around the coast These paints have been emplo5^ed for several years in the Royal 
Naval Arsenals and other government estiblishments. The wood and in)n huts of 
our camps have been painted with them. They have also been employed for coatiug 
the boilers of steam-engines. 

A large supply of ochre is obtained from the island of Anglesea, but the ochres of 
Anglesea are not natural; they are artificial productions, formed in the lakes, into 
which scrap-iron is thrown to preciptitate the copper contained in tlie wat<‘r. and forms 
very large accumulations of the oxide of iron, which is sold as ochre. There is now 
a large demand for these iron-ochres, as they are extensively employed for the purifi- 
cation of gas. 

In the more recent formations ochre occurs in beds some feet thick, which lie gene- 
rally above the Oolite, are covered by sandstone and quartzose sands, more or less 
ferruginous, and are accompanied by grey plastic clays, of a yellowish or r{*d(]isli 
colour. The ochry earths are prepared by grinding and washing ; in some cases tin y 
are also exposed to the action of the fire, to increase the oxidation of tlie iron, and 
deepen the colour. 

The following is a section of the ochi’e-pits at Shotover Hill, near Oxford, where 
the Oxford ochre is obtained : — 


Beds of highly ferruginous grit, forming the summit of the hill 

Grey sand 

Ferruginous concretions 

Yellow sand 

Cream-coloured loam 

Ochre 


f leet. 

3 „ 

1 M 
6 „ 

4 ^ 

G inches. 


Beneath this there is a second bed of ochre, separated by a thin bed of clay. 

Beddle, employed for marking sheep in Devonshire, and a variety found near Rot- 
terdam (which is much used for grinding spectacle-glasses at Sheffield j, may bi* said 
to belong to this class. See Oxides of Ibox, for polishing. 

Bede, Armenian Bole, or Lemnian Earth, may be ranked with the ochres. See 
and TisBaA m Senka. 

The Ochre of Bitty and Italian Bovge are ochres which are found i)rincipally iiwir 
Tieison and St. Amand (Ni^vre). The ochres from Holland arc also much es- 
teemed. 

It will thus be appmnt that ochre occurs in all formations, from the earliest 
known xo(d» — ^where it is probably due to the decomposition of the sulphides of iron — 
up to the aUnvial deposits of yesterday ; in many of which ochreous formations may 

be watched in the progress. 

Ockre in miaenuiogyis a term applied to many products of decomposition, as, cobalt- 
oc hre, biem uth-oohre, chroTneHmhre, antimony-ochre, &c. 

MllBA W4AX. A vwtable wax, collected on the shores of the Amazon from 
the fruit of the MyrieHat Ihuba, This wax is easily bleached ; and in Brazil it is 
^■g djartenrively fo r candles. 

An instrument which can be attached to the wheel of a carriage, 
moving regular^ with the wheel, indicates the distance passed over in any 
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OBOSTTOOXASPS. An instrument, invent^ by Professor Willis, to enable the 
millwright to draw and design, with great uniformity and precision, the teeth of 
wheels. 

CBXrAlfTBXC XTBKlt is used for flarouring wines. Lichtenberger of Bavaria 
exhibited it so largely in 1862 that Dr. Hofman remarks : ‘ To judge from the quan- 
tities exhibited, this article would seem to be manufactured in a systematic manner, 
and upon a very large scale. Tho substance is a solid, and, according to all appear- 
ance, a pure definite compound, the chemical investigation of which would present 
considerable interest.* 

OXB^CABBy or OXB^SSXSB CJLBB. After the expression of the oil, espe- 
cially from linseed, the mass remaining is so called. It is much used for feeding 
cattle. Our Importations of oil-seed ciiko have been as follow : — 


Tons 

1867 . . . 121,838 

1868 . . . 162,339 

1869 . . . 169,295 


Tons 

1870 . . . 158,453 

1871 . . . 162,804 

1872 . . . 134,300 


OlXi OP VXTBXOXi is the old name of concentrated Sulphuric Acid. 

OXXiS {Hiiiles, Fr. ; Oele^ Ger.) form a class of valuable and interesting snb- 
Bt;inces, and are divided into two groat classes, viz. fixed or fatty oils, and volatile or 
essential oils. The members of one class differ greatly, in nearly every respect, from 
those of tho other class. The former arc usually bland and mild to the taste ; the 
latter hot and pungent. The term distilled^ applied especially to the last class, is not 
quite correct, since some of them aro obtained by expression, as tho whole of the first 
class may lie, and commonly aro. All the known fatty substances found in organic 
bodies, without roferonco to their vegetable or animal origin, are, accoKling to their 
consistence, arranged under the chemical heads of oils, butters, and tallows. They 
all possess tho same ultimate constituents — carbon, hydrogen, and generally oxygen, 
and some few of tho essential oils, sulphur also ; but, as a class, they are noted for 
containing a largo proportion of carbon, ■which renders them valuable as food, and as 
sources of light. 

Oils have boon known and used from tho remotest ages. The olive-tree is frequently 
mentioned by Moses ; and it appears to hav'e been introduced into Europe at an early 
period, probably by tho Greeks. 

Mineral and coal oils are noticed und(T tho respective heads of Naphtha ; Petro- 
leum ; Shale, and Mineral Oils, &c. 

For tho present we shall only take notice of the fixed or fatty oils. These are widely 
distributed through the organs of vegetable and animal nature. They aro found in 
tho seeds of many plants, associated with mucilage, especially in those of the dicoty- 
ledonous class, occiisionally in tho fleshy pulp surrounding some seeds, as the olive ; 
also in the kernels of many fruits, as of the nut and almond tree ; and, finally, in the 
roots, barks, and other parts of plants. In animal bodies, tho oily matter occurs 
enclosed in thin membranous cells, between tho skin and the flesh, between the mus- 
cular fibres, between tho abdominal cavity in tho omentum, upon the intestines, and 
round tlie kidneys, and in a bony roceptticlo of the skull of the spermaceti whale ; 
sometimes in special organs, as, of tho beaver in tho gall-bladder, or mixed in a 
liquid state with other animal matters, as in the milk. 

Braconnot, but particularly Kaspail, has shown that animal fats consist of small 
microscopic, partly polygonal, and pirtly reniform particles, associated by means of 
their containing sacs. Those may bo separated from each other by tearing the recent 
fat asunder, rinsing it with w'ator, and passing it through a sieve. Tho membranes 
being thus reUiiued, the granular particles aro observed to flosit in the water, and 
afterwards to separate, like the globules of starch, in a -white, pulverulent, semi- 
crysUillino form. The particles consist of a strong membranous skin, enclosing 
stearine and claine^ or solid and liquid fat, which may bo extracted by trituration and 
pressure. These aro lighter than water, but sink readily in spirit of wane. When 
boiled in strong alcohol, the oily principle dissolves, but tho fatty membrane remains. 
These granules have dilFerent sizes and shapes in diiferent animals: in the calf, the 
ox, tho sheep, they are polygonal, and from y^th to of an inch in diameter ; in 
the hog they are kidney-shaped, and from ij^th to j^th of an inch ; in man they are 
jolygonal, and from if’jjth to y^gtli of an inch ; in insects they are usually spherical, 
and not more than jjpth of an inch. 

The fat oils are contained in that part of the seed which gives birth to the 
cotyledons ; they are not found in the plumula and radicle. Of all the families 
of plants the Crucifera are the richest in oleiferous seeds ; and next to these are 
tho Drupaceaj Ammiacea^ and Solanea. The seeds of the Graminem and Legwninoim 
contain rarely more than a trace of fat oil One root alone, that of the Cypmu 
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confcaiili a fat oiL The quantity of oil furnished by seeds varies not only 
with the ijpeciM, but, in the same seed, with culture and climate. Nuts contain 
about half their weight of oil ; the seeds of tlic Brassica oleracea and B. campestris, 
one-third; the variety called colza in France, two*lifths ; hemp-spod, one-fourth ; and 
liiiieedfo>in one-fourth to one-fifth. Unvordorben states that a last, of 10 quarters, 
of linseed, yiekls 40 ahinssl20 gallons English, of oil ; which is about 1 cwt.. of oil 
pe^uarter. 

The fat oUs, when first expressed without much heat, taste merely unctuous on the 
ton^, and exhale the odour of their respective plants. They appear quite neutral 
bj litmus-paper. Their fiuidity is very various, some being solid at ordinary teui- 
peratores, and others remaining fiuid at the freezing-point of water. lunseod-oil, 
indeed, does not congeal till cooled from 4® to 18° below 0° Falir. Tht' saiiie kind of 
seed usually affords oils of different degrees of fusibility ; so that in the progress of 
refrigeration one portion concretes before another. Clicmml considered all the oils to 
be composed of two, aud sometimes three, different species, viz. .strarinc, vuirgarlnc, 
and t)leine\ the consistence of the oil or fat varying as either of these predouiiii.'tes. 
These bodies are all compounds of glycerine, with a fatty acid. At all ordinary teni- 
peratures oleine is liquid ; margarine is solid, and melts at 1 1 (5° Fahr. ; steariue is still 
more solid, and melts at about 130° Fahr. The two latter may bt' prepared from pure 
mutton fat, by melting it in a glass flask, and then shaking it with several times its 
weight of ether; when allowed to cool, the stearine crystallises out, leaving the 
maigarine and oleine in solution. The soft mass of stearine may be strougly pressird 
in a clotli, aud furtlier purified by re-crystallisation from ether. It forms a white 
friable mass, insoluble in water, and nearlj" so in cold alcohol ; but boiling spirit 
takes up a small quantity. It is freely soluble in boiling ether; but, as it cools, 
nearly idl crystallises out 

Margarine may be prepared from the ethereal mother-liquor, from which the 
stearine has separated, by evaporating it to dryness ; the soft mixture of margarine 
and oleine is then pressed between folds of blotting-paper; the residue again dissolved 
in ether, from which the margarine may now be obtained tolerably pure. Il very 
much resembles stearine, but, as above mentioned, has a lower melting-point. 

It is rather doubtful if oleine lias ever been prepired in a perfectly pure state, the 
separation of the last particles of margarine being very difficult. It may be oljtJiincd 
by subjecting olive-oil to a freezing mixture, when the margarine will nearly all 
separate, and the supernatant fluid oil may l>e Uiken as oleine. 

Oleine may also bo procured by digesting tlu; oils with a quantify of caustic soda, 
equal to one half of what is requisite to saponify the wliole ; the stearine anil marga- 
rine are first transformed into soap, then a portion of the oleine undergoes the same 
change, but a great part of it remains in a nearly pure state. This process succeeds 
<Mily with recently-expressed or very fresh oils. 

The fat oils are completely insoluble in water. When agitated with it, the mixt ure 
becomes turbid, but if it 1)6 allow’ed to settle the oil collects l)y iuself upon l iie surface. 
This method of washing is often employed to purify oils. Oils are little soluble in 
alcohol, except at high temperatures. Castor oil is the only one wliieh dissolves in 
cold alcohol. Ether, however, is an excellent solvent of oils, and is therefore em]iloye(l 
to extract them from other bodies in analysis; after which it is withdriiwii by ili.s- 
tillation. 

Fat oils may be exposed to a high temperature without undergoing much altern- 
timi; but when they are raised to nearly their boiling-point, they begin to be decom- 
po^. The vapours that then rise are not the oil itself, but certain products gciamt-) il 
in it by heat. These changes begin somewhere under 600° of Fahr., and require fi)r 
their continuance temperatures always increasing. 

If, instead of raising the heat generally, we submit the fats or oils direct ly to a red 
heat, as by passing them through a red-hot tube, they are decomposed comj)letely, aud 
are almoet entirely transformed into gaseous carburetted hydrogens, the mixtiirt of 
which aervea for illuminating purposes, and yields a far better light than ordinary 
eoel-gaa. In plaoes where the seed and fish oils can be procured at a low price, these 
sobfteneea might be employed with great advantage for this purpose. 

Ac^a% if MheHu on ike Oils , — When the fet or oils are boiled with potash or soda, 
th^ are deoompoaed into glycerine and the fatty acids, with assimilation of water by 
beta the g^yosmie and the &tty acids. Thus oleine yields glycerine and oleic acid ; 
margarine, glycerine and mazgaric add; and stearine, glycerine and stearic acid. 
The glyoeriae dissolres in the water and the fatty acids unite with the alkalis, 
fbnaing eoape (aee Soaps). The action of ammonia on the oils is much less energetic ; 
it, however, readily mixes with them, forming a milky emulsion, called volatile liiii- 
fl^ed as a rubsliuient in medicine. Upon mixing water with this, or by neutra- 
Mdag the awnonia hj an acid, or even by mere exposure to the air, the ammonia is 
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removed, and the oil again collects. By the prolonged action of ammonia, however, 
on the oils, true ammoniacal soaps are formed, and at the same time a peculiar body 
is formed, called by its discoverer (Boullay) margaramid. 

It is obtained by boiling the ammoniacal soap with water, when the margaramid 
swims on the top, and w'hen allowed to cool solidifies. It is purified by solution 
in boiling alcohol, which deposits it again on cooling in the crysbillirio state. It is a 
w'hito, perfectly neutral solid, unalterable in the air, insoluble in water, very soluble 
in alcohol and other, especially by the aid of heat. It fuses at about 140° Fahr., and 
burns with a smoky flame. It is decomposed when boiled with potash or soda, forming 
true soaps, with thf liberation of ammonia, and also by acids of a certain degree of 
eoucontnition. 

The alkaline earths and some metallic oxides unite with the fatty acids, forming 
insoluble soaps, which in the case of lead is called a plaistor. 

After glycerine nnd the fatty acids have once been separated, they do not readily 
again unite ; but BertJielot has succeeded in effecting this, by enclosing them for a 
considerable time in a sealed tube, and subjecting them to a more or less elevated 
tempcTature, when the true oils are again produced. 

Action of Acids upon the -Sulphuric acid (concentrated), when added to the oils, 
unites with them energetically ; the mixture l)ecomes heated, and, unless cooled, chars 
with the liberation of sulphurous acid. When the mixt ure is cooled the fats and oils 
undergo a similar change to that w'hich the alkalis effect. There is formed some 
sulpho-glycorie acitl, us well as combinations of margaric and oleic jicids with sul- 
pliuric acid; these latter are again decomposed when mixed with water, liberating the 
fatty acids. 

Kdric Acid (concentrated) attiicks tlie fatty bodies vei*y rapidly, sometimes causing 
ignition. Dilute nitric acid acts less powerfully, forming the same compounds which 
we obtain by acting on the several constituents of the oils .s('par.'itely. 

Ilgponitric acid, or nitrous acid, converts the oleine of the non-drying oils into a solid 
fat, claidine. 

Chlorine and hromine act on the fatty oils, producing hydrochloric and hydrobromic 
acids, and some substitution-compounds containing chlorine or bromine. 

When moist clilorine gas is passed into the oils, the temperature rises, but it does 
not cause explosion. Bromine, on the conti’ary, acts with violence. The chlorine and 
bromine products thus obtained are generally of a yellow colour, without taste or 
smell. They are lioavier than w’ater, and possess a greater consistence than the pure 
oils. Ex{x>sed to the air when slightly heated, they become considerably harder. 

Iodine also attacks the oils forming substitution-compoiiuds. 

The fatty oils art; divided into two classes, drying and non-drying mis, which are 
characterised by tlieir different deportments when exposed Lo the atmosphere. In close 
vessels, oils may be preserved unaltered for a very long time, but with contact of the 
jitmos]»hcre tliey undergo progressive changes. Certain oils thicken and eventually 
dry into a trajispareiit, yelb^wish, flexible substance, which forms a skin upon the 
surface of the oil and retards its further alteration. Such oils are said to be drying, 
or siccative, and are on this account used in the preparation of varnishes and painters^ 
colours. Other oils do nut dr}” up, though they become thick, less combustible, and 
ussunie an nfleusive smell. These are the non-drylng oils. In this state they are called 
rancid, and exhibit au acid reaction, and irritate the fauces when swallowed, in consc- 
qmnice of the presence of a peculiar acid, which may be removed in a great measure 
by lolling tlie oil along w'ith water and a little common magnesia for a quarter of an 
hour, or till it has lost the property of reddening litmus. While oils undergo the 
above changes, tlu'y absorb a quantity of oxygen equal to several times their volume, 
Saussure found that a layer of nut-oil, one quarter of an inch thick, enclosed along 
with oxygen gas over the surface of quicksilver iu the shade, absorbed only three times 
its bulk of that gas iu the course of eight months ; but when exposed to the sun^ in 
August, it absorbed 60 volumes additional in the course of ten days. This absorption 
of oxyg(‘n diminished progressively, and stopped altogether at the end of three months, 
when it had amounted to 14/) times the bulk of the oil. No water was generated, but 
21*0 volumes of carbonic acid w'ere disengaged, while the oil was transformed in an 
anomalous manner into a gelatinous mass, which did not stain paper. To a like ab- 
sorption we may ascril>e the elevation of temperature wliich happens when wool or hemp 
besmeared with olive or rapeseed oil, is left in a heap : circumstances tinder which it 
has frequently taken fire, and caused the destruction of cloth-mills and other buildings 
and ships. 

Although most of the fixed oils and fats are mixtures of two or more of the sub- 
stances, oleine, margarine, and stearine, yet there appear to be different modifications of 
these substances in drying and non-drying oils; for instance, it is only the oleine of the 
non-drying oils that solidifies when treated with nitrous acid or nitrate of mercury; 
VoL.111. FF 
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attd the difiSvezioe ia shown in the fact of some oils drying completelj, while 
(there oo^ thicken and become rancid. 

The following is a list of the Non drying Oils and their specific gravity 


No. 

Plante 

Oils 

Specific 

gravity 

1 

Olea Enropsea .... 

Olive oil . 


0*9176 

2 

Amygdalus communis 

Almond oil 


0-9180 

2 

Sesamum orientale 

Oil of scKimum 



4 

Guilandina mohringa . 

Oil of hchen or hen . 



6 

Eagus sylvatica .... 

Beech oil . 


0-9225 

6 

Sinapis nigra et arvensis . 

Oil of mustard . 


0-9160 

7 

Brassica napus et campestris 

Raposeod oil . 


0*9i;i6 

8 

J^mnuB domestica 

Plum-kernel oil 


0-9127 

9 

Theobroma cacao 

Butter of cacao 


0-8920 

10 

Cocos nucifera .... 

Cocoa-nut oil . 



11 

Cocos butyracea vel avoira ehiis . 

Palm oil . 


0-9680 

12 

Lanrus nobilis .... 

Laurel oil 

. 


13 

1 Arachis hypogaea 

Ground-nut oil . 



14 

Valeria Indica .... 

Piney tallow 


0-9260 

Id 

Brassica campestris oleifera 

Colza oil . 


0-9186 

16 

Brassica prseeox .... 

Summer rapeseod oil 


0-9139 

17 

Kaphanus sativus oleifera . 

Oil of radish seed 


0-9187 

18 

Prunus cerasus .... 

Cherr}’^- stone oil 


0 9239 

19 

Pyrus mains . . . .1 

Apple-seed oil . 



20 

Euonymus Europaeus . . . j 

Spindle-tree oil 


0-9380 

21 

Cornus sanguinca . . . ■ 

Cornilberry-tree oil . 



22 

Cyperus esculenta . . j 

Oil of the roots of Cyprus 

grass ! 

0-9180 

23 

Hyoscyamus niger . . . • 

Henbane-seed oil 

, , 1 

0-9130 

24 

i&culus hippocastanum . j 

1 

Horse-chestnut oil . 

• I 

0-9270 


The non-drying oils are used as food, for illuminating purposes, and for tlio greas- 
ing of machinery, &c. 

The following is a list of the Drying Oils : — 


No. 

Plants 

i 

j Oils 

Spf'oific 

gravity- 

1 

Xiinum usitatissimum et perenne 

Linseed oil ... . 

0-9347 

2 

3 

Corylus avellami . . 1 

Juglans regia . . . / 

Nut oil . , , 

0-9260 

4 

Papaver somniferum . 

Poppy oil 

0-924;] 

6 

Cannabis sativa .... 

Hemp oil 

0-9276 

6 

Cncurbita pepo, et melapepo 

Cucumber oil . 

0-9231 

7 

Helianthus annuus et perennis . 

Oil of sunflow'er 

0-9262 

8 

Bicinus communis 

Castor oil 

0-9611 

9 

Kicotiana tabacum et rustica 

Tobacco-seed oil 

0-9232 

10 

Vitis vinitera .... 

Grape-seed oil . . . . ! 

0-9202 

11 

Hesperia matronalis . 

Oil of Julienne. . . . ! 

0 9281 

12 

Hyagrum sativa. 

BeMda luteola .... 

Oil of ciimelina 

0-92.32 

13 

Oil of weld- seed 

0-9358 

14 

Lepidinm sativum 

Oil of garden cresse.s 

0 9240 1 

16 

belladonna 

Oil of deadly nightshade . 

0-9250 i 

16 

17 

Gos^inm Barbadenso 

Pinos abim .... 

Cotton-seed oil . . . . i 

Pinetop oil . . . 

! 

0-9285 j 


The drying eili am used principally for varnishes and for painters’ colours. As 
the quicker uiey dry the more valnable they are for these purposes, it is desirable 
atiU to increase thdr natural siccative properties as much as possible, and this is 
generally eHMed by boiling the mis with li^xge (oxide of lead), by which a certain 
peMfon dthe lithuge is disselved by the oil; but in what way this process tends to 
pmss the iiceatiTe prapertics of the oil is not understood. Chevreul stat^ that 
it Is net neeesiaiy to ooii the ollsi that a much lower heat acts quite as well. Liebig 
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imagined that the boiling with litharge effects the separation of the mucilaginous and 
other foreign matters, which tend to protect the oils from the action of the oxygen of 
the atmosphere, and has proposed a process for their separation without the aid of 
heat. It consists in shaking the oil, previously triturated with litharge, with a 
solution of the basic acetate of lead for some time, and afterwards allowing the whole 
to remain still, when the oil separates, and will then dry in twenty-four hours. The 
solution of acetate of lead which remains may be again used by converting it into the 
Biibacetato. A portion of oxide of lead is dissolved by the oil, and when its presence 
would be prejudicial, it maybe removed by shaking the oil with dilute sulphuric acid. 
In boiling the oils with acetate of lead and litharge, some painters add about an 
eighth part of resin, which in that proportion greatly improves the appearance of the 
paints when dry. 

Before describing those oils separately, it is necessary to show the means used for 
obtaining tlicm from the seeds, &c. 

Fat Oil Mandfactube, 

Olive Oil . — It is the practice of almost all the proprietors in the neighbourhood of Aix, 
in Provence, to preserve the olives for fifteen days in barns or cellars, till they have 
undergone a species of fermentation, in order to facilitate the extraction of their oil. 
If this practice were really prejudicial to the product, as some theorists have said, would 
not the high reputation and price of the oil of Aix have long ago suffered, and have 
induced them to change their system of working ? In fact, all depends upon the degree 
of fermentation excited. They must not bo allowed to mould in damp places, to lie 
in heaps, to soften so as to stick to each other, and discharge a reddish liquor, or to 
become so hot as to raise a thermometer plunged into the mass up to 96® Fahr. In 
such a case they would afford an acrid nauseous oil, fit only for the woollen or soap 
manufactories. A slight fermentative action, however, is useful towards separating the 
oil from mucilage. The olives are then crushed under the stones of an edge-mill, and 
next put into a screw-press, being enclosed in bulrush-mat bags {cahas)^ laid over 
each other to the number of eighteen. The oil is run off from the channels of the 
ground-sill into casks, or into stone cisterns called two-thirds filled with water. 
The pressure applied to the cabas should be slowly graduated. 

What comes over first, without heat, is called the virgin oil. The cabas being now 
removed from the press, their contents are shovelled out, mixed with some boiling 
W'ater, again put in the bags, and pressed anew. The hot water helps to carry off tlie 
oil, which is received in other casks or jpizes. The oil ere long accumulates at the 
surface, and is skimmed off with large flat ladles ; a process which is called lever 
I'huilc. AVhen used fresh, this is a very good article, and quite fit for table use, but 
is apt to got rancid when kept. The subjacent water roUiins a good deal of oil by 
the intervention of the mucilage ; but by long repose in a large general cistern, called 
Vmfer, it parts with it, and the water is then drawn off from the bottom by a plug- 
hole : the oil which remains after this is of an inferior quality, and can be used only 
for factory puriioses. 

The marc being crushed in a mill, boiled with water, and expressed, yields a still 
coarser article. 

All the oil must be fined by keeping in clean tuns, in an apartment, heated to 60® 
Fahr. at least, for twenty days ; after which it is run off into strong casks, which 
are cooled in a cellar, and then sent into the market. 

In Spain the olives are pressed by conical iron rollers elevated above the stage or 
floor, round which they move on two little margins to prevent the kernel being 
injured, the oil from which is said to have an unpleasant flavour. Spanish olive-oil, 
however, is inferior to other kinds, from the circumstance of the time which elapses 
between the gathering and the grinding of the olives. This is unavoidable on account 
of the small number of mills, which are not in proportion to the quantity of fruit to 
bo pressed, d’he olives are therefore allowed to lay in heaps to wait their turn, and 
consequently often undergo decomposition. 

The machinery employed by the Ntiapolitan peasants in the preparation of the 
Clallipoli oil is of the rudest kind. The olives are allowed to drop from the trees 
when ripe, when they are picked up chiefly by women and children, and carried to 
the mill. The oil, when expressed, is sent in sheep- or goat-skins, carried on mules, 
to Gallipoli, where it is allowed to clarify in cisterns cut in the rock on which the 
town is built. From these it is conveyed in skins, to basins near the sea-shore, and 
from these basins the casks are filled. 

According to Sieuve, 100 lbs. of olives yield about 32 lbs. of oil : 21 of which 
come from the pericarp, 4 from the seed, and 7 from the woody matter of the nut* 
That obtained from the pericarp is the finest. 

ff2 
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CU^Mmond$ is manufiictured by agitating the kernels in bags, so ns to separate 
their brown skins, grinding them in a mill, then enclosing them in bags, and squeezing 
thMn strongly between a series of cast-iron plates, in a hydraulic press ; without heat 
at first, and then between heated plates. Tlio first oil is the purest, and least apt to 
.become rancid. It should be refined by filtering through porous paper. N ext to oli ve- 
oU, this spodes is the most easy to saponify. Bitter almonds being cheaper than the 
SW^ are need in preference for obtaining this oil, and they afford an article equally 
bland, wholesome, and inodorous. But a strongly-scented oil may be procured, accord- 
ing to M. Planch^, by maceraring the almonds in hot water, so as to blanch them, 
then drying them in a stove, and afterwards subjecting them to pressure. The volatile 
oil of almonds is obbiincd by distilling the marc or bitter-almond cake along with 
water. 

Linseed^ Rapeseed^ and Poppyseed Oils . — The seeds of these, and other oleiferous 
seeds, were formerly treated for the extraction of their oil, by pounding in hard wooden 
mortars with pestles shod with iron, set in motion by cams driven by a shaft turned 
with horse- or water-power; then the triturated seed was ]>ut into woollen bags which 
were wrapped up in hair-cloths, and squeezed between upright wedges in press-boxes 
by the impulsion of vertical rams driven also by a cam mechanism. In the best mills 
upon the old construction, tlie cakes ol)tained by this first wedg(' })ressure, were thrown 
upon the bed of an edge-mill, ground anew, and subjected to a second pressure, aided 
by heat now, as in the first case. TJ7eso mortars and press-boxes constitute what are 
C^ed Dutch mills. They ire still in use both in thl.^ country and on the Cont.inont, 

and are liy soiiu* persons thought j)re- 
ferable to the hydraulic presses. 

The roller-mill for merely bruising 
the linseed, ke., previous to grinding 
it under edge-stoiu's and to heating arul 
crusliiiig it in a Dutch or a hytlraulic 
i'il-inill, is repre.seiile(l in/^^,v, 1507 and 
loOS. Tlie iron shaft, a. has a wineh 
at each (uid, with a hwivy fly-wheel 
upon the one of them, tvhen the nia- 
ehine is to be worked by hand. T'puii 
the oppo.site end is a pulley, w’ith an 
eiiule.ss cord wJiieJi J>a6.‘ie8 round a 
jtulley on the end of the fluted roller, 
h, and thereby drives it. This fluted 
roller, h. lies across the liopper, c, and 
by its agihilion ctiuses the seeds to 
descend equally through the hopper, 
between the e rushing rollers, </, e. 
Upon the shaft, r/, there i.s also a }>inioii 
w'hieh works into two toothed wlieels 
on the shafts of tlio cnisbing cylinders, 
d and e, thus conmiuiiieating to these 
cylinders motion in op]>osite directions. 
J, g, are tw'o scraper-blades, whieli by 
means of the tw'O weights, //, h, hang- 
ing upon levers, are pressed against 
the surfaces of the cylinders, and re- 
move any seed-cake from them. The 
briii.sed seeds fall through the slit, i, 
of the ease, and are rt^eived into a 
chest which stands upon the l>oard, k. 

Machines of this kind are now usually 
driven by steam-power. flydranlic 
presses have been of late years intro- 
<luced into many seed-oil mills in this 
country; but it i.s still a matter of 
dispute whether they or tlie old Dutch 
oil-mill, with bags of seed compressed 
between wedges, driven by cam -stamps, 
be the prefeiftble; that is, aflford the largest product of oil with the same expenditure 
oa^t^ and power. 

' Hmt bmising of the iMed is merely* preparation for its proper grinding, under a 
piir heavy d^Hitones, of granite, from 6 to 7 feet in diameter ; because unbruised 
leed k apt to sliSe away before the rertical rolling-wheel, and thus escape trituration. 
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The edge-mill, for grinding seeds, is represented in Jig. 1569, p is the water-wheel, 
which may drive several pairs of horizontal bevel-wheels working in and turning 

1569 



fixed the runners. r, wliicii traverse upon the bed-stone, n\ w ; a^, j:*, are the curbs 
siipounding the bed-stone, to prevent the seeds from falling off; o, is the scraper, 
31 ill A represents a view, and mill n, a section of the bed-stono and curb. Some hoop 
the stones with an iron rim, but others prefer the rough surface of granite, and dress 
it from time to time with hammers, as it become.s irregular. These stones make from 
30 to 36 revolutions upon their horizontal bud of masonry or iron in a minute. The 
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of the b«d» where it k perforated for the pasaaeo of the strong vertical shaft 
whieh turns the stones, is eoudosed by a circular box of cast iron, firmly bolted to the 
hedHstone, and furnished with a cover. This box serves to prevent any seeds or powder 
getting into the step or socket, and obstructing the movement. The^ circumference of 
the nul'bed is formed of an upright rim of oak-plank, bound with iron. There is a 
xectangular notch left in the edge of the bed and corresponding part of the rim, which 
is QsnaUj closed with a slide-plate, and is opened only at the end of the operation, to 
let the pas^ seed-cake be turned out by the oblique arm of the bottom^ scraper. The 
two parallel stones, which are set near each other, and travel round their circular path 
upon the bed, grind the seeds not merely by their w'oight, of three tons each, but also 
a nibbing motion, or attrition ; because their periphery being not coni ail, but 
f^iindricalt by its rolling upon a plane surface, must at every instant turn round with 
friction upon their resting-points. Strong cast-iron boxes are bolted upon the centre 
of the stones, which by means of screw clamps seize firmly the horizontal sliafts that 
traverse and drive them, by passing into a slit-groove the vertical turning-shaft. This 
groove is lined with strong plates of steel, which wear rapidly by the friction, and 
need to be frequently renewed 

The following are drawings of the wedge or Dutch seed-crushing machines. 

Fiff, 1570, front elevation of the wedge seed-crushing machine, or wedge-press. Fig. 
1571) section in the line z x of 1572. 

1572 



Fig. 1572, horizontal section in the line* y y, of ^‘<7. 1571. 

A, Upright guides, or framework of wood. 

B, B, side guide-rails. 

^ D, driving stamper of wood, which presses out the oil ; c, spring stani]) r. or re- 
lieving wedge, to permit the bag to be taken out when sufficiently ])rc.ssecl. k is the 
lifti^ shaft, having rollers, h,h,h,h, fig. 1571, which lift tlio stampers ])y the cams, 
1571. F is the shaft from the power-engine, on which the lifters are fixed. 

O is the cast-iron press-box, in which the bags of seed are placed for pressure late- 
rally by the force of the wedge. 

OtfipB, 1560 and 167S ; the spring, or relieving wedge, 
s, lighter rail ; d, lifting-rope to ditto. 

/»/»/) flooring overhead. 

1570, and 1673 ; the back iron, or end-plat-e minutely perforated. 

A, the horse-hair bags (called hairs), 
containing tile flannel i<ag, charged with 
seed; ?, the dam -block ; w?, the spring 
wedge. 

Fig. 1572, A, upright guides; c and i), 
spring and driving stanij)ers; k, lifting 
roller; f, lifting-shaft; a, n, cams of 
stampers. 

Fig. 1573, a view of one set of the 
wedge-boxes, or presses, supjxjsing the 
front of them to be removed : o, driving 
wedge ; g, back iron ; A, hairs ; i dam- 
block ; k, speering or oblique block, be- 
tween the two stampers; /, ditto; n, 
ditto ; m, spring wedge. 

Ajeflist pfMSurs re^uim only a dozen blows of the stamper, after which the pouches 
— fa » few minutoe till the ml has had time to flow out; in which in- 

the wofiBnen pfepue finoh baga. Tbe former are then unlocked, by making 
mh mmgvt ku upon the looeening wedge or key, m. 




OILS 439 

The weight of the stampers is usually from oOO to 600 lbs. ; and the height from 
which they fall upon the wedges is from 16 to 2l inches. 

Such a mill as that now described can produce a pressure of from 50 to 75 tons 
upon each cake of the following dimensions: — 8 inches in the broader base, 7 inches 
in the narrower, 18 inches in the height; altogether nearly 140 square inches in sur- 
face, and about £ of an inch thick. 

The seeds which have been burst between the rolls, or in the mortars of the Dutch 
mills, ?ire to be spread as equally as possible, by a shovel, upon the circular path of 
the edgo-stones, and in about half an hour the charge will be sufRciently ground into a 
pfiste. This should bo put directly into the press, when fine cold-drawn oil is wanted. 
But in general the paste is heated before being subjected to the pressure. The pressed 
cake is again thrown under the edge-stones, and, after being ground the second time, 
should bo exposed to a heat of 212° Fahr., in a proper pan, called a steam-kettle, before 
being subjected to the second and final pressure in tlie woollen bags and hair-cloths. 

Fig, 1574 is a vertical section of the steam-kettle of Ilallette, and 1575 is a view 
of the seed-stirrer. < 7 , is the wall of m.isonry, upon which, and the iron pillar h, the 
pan is supported. It is enclosed in a jacket, for admitting steam into the intermediate 
space d, c?, at its sides and bottom ; c, is the middle of the pan in which the shaft of 
the stirriT is planted upright, resting by its lower end in the step c ; /, is an opening, 
by which the contents of the pan may bo emptied ; g, is fin orifice into which the 
mouth of the hair or worsted bag is inserted, in order to receive the heated seed, when 
it is turned out by the rotation of the stirrer and the withdrawal of the plug/ from 
the discharge aperture ; h, is the steam induction pipe ; and i, the eduction-pipe, which 
serves jilso to run off the condensed wmter. 

When, in the course of a few minutes, the bruised seeds are sufficiently heated in 
the pfins, the double door /is withdrawn, and they are received in the bags below the 
aperture g. These laigs are made of strong twilled w'oollen cloth, woven on purpose. 
Tliey fire then wrapped in a hfiir-clorh, lined with leather. 

Tlio hydnuilic oil-press is gen<‘rally double : that is, it has two vertical rf»ms placed 
parjillel to each other, so that while one side is under pressure, the other side is being 
discharged. The bags of heated sced-pasto or meal are put into cast-iron cases, 
which fire piled over each other to the 
number of 6 or 8, upon the press-sill, 
find subjected to fi force of 300 or 400 
tons, by pumps worked with a steam- 
engine. The first pump luis usually 2 
or inches diameter for a Pim of 10 
inches, find the second pump 1 inch. 

Efich side of the press, in fi well-going 
establishment, should work 38 lbs. of 
sced-tlour every 5 minutes. .Such ;i 
press will do 70 qufirters of linseed in 
the da>'s’ work of one week, w’itli the 
hiboiir of one man fit 20^'. find three 
boys at os e<icli ; and will require Ji 
12-horse power to w’ork it wxdl, along 
with the rolls find the edge-stones. 

The fipparatus for heating the seeds 
l)y mikecl fire, jis used in Maudsley find 
Field’s excellent seed-crushing mills, on 
the wedge or Dutch plan, is represented 
ill th^Jigs. 1576, 1577, 1578, and 1670. 

1576 is an elevation or side view - 1575 

of the lire-pbicc of fi naked heater ; . Jlti A V ^ 

Jig. 1577 IS a plan, 111 the lino uu of 

jig. 1576. Fig, 1578 is an elevation iHlr ^ 

and section parallel to the line v v of 

Jig. 1677. Fig. 1679 is a plan of the furnace, taken above the grate of the fire-place. 

A, fire-place shut at top by the cast-iron phite b ; called the fire-plate. 

c, iron ring-pan, resting on the plate b, for holding the seeds, which is kept in its 
place by the pins or bolts a. 

D, funnels, Uritchen, into which by pulling the ring-case c, by the handles h 6, the 
seeds are made to fall, from which they pa.ss into bags suspended to the hooks c. ^ 

^,fig> 1678, the stirrer, which prevents the seeds from being burned by continued 
contact with the hot plate. It is attfiched by a turning-joint to the collar r, which 
turns with the shaft g, and slides up and down upon it. h, a bevel wheel, in gear with 
the bevel wheel i, and giving motion to the shaft o. 




s 


16761 ft lerer for lifting up the agitator or stirrer e. c, a catch for holding up 
the IftTer x, unen it hftB been raised to a proper height. 

A Mtent ira« taken out in May 1849, by Messrs. Bessemer and Heywood for a 
madllfne to be used for expressing oils from seeds. Fi^. 1580 is a drawing of it. 

bed-plate of framing, a, which should be cast in one piece, forms, at a cistern 
for the reception of the oily matters which fall therein as they are expressed. At the 
oppoeite end of the bed-plate there are formed projections a*, in which brasses, b, are 
fitted, and with the caps, c, form bearings for the crank-shaft, df to turn in. There 



are aiao two other projections, a*, a®, cast on to the bed-plate, and are provided with 
caps, s, in a similar manner to the caps of plammcr-blocks. These oips arc for tliu 
purpoae of retmning firmly in its place the pressing-cylinder, /, which should be 
Joam tough gan-metal, and of snch thickness as to be capable of withstanding a 
eonsMerable amount of internal pressure. Within the cylinder,/, is htted a lining, 
wh^ oon^sts of a gun-metal tube, n, having a spiral groove, r, cut on the outside 
of iU and presenting the appesmnee of an ordinary square-threaded 8cr(;w. At very 
wMlntsiws all sloog the spiral groove there are conical holes, s, drilled through 
w tubs «, and oommunicating with the interior of it At n* the inside of the tube is 
y »d is^ pvoTided witti a steel collar, t The opposite end of the tube at u* 
|i imesd in diaiDeter, and is piwidod externally with a steel collar, «. A plain 
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C3-lindrical bag, with open ends, formed of fustian, hair-cloth, or similarly pervious 
material, is made of such a diameter as will lit closely to the inside of the tube n ; 



and within this bag is placed a cylinder, of wire gauze or finely-perforated metal. 
The steel collar t is forced into the end of the wire gauze, by which it becomes driven 
into the recess formed at n\ and is securely held there by the pressure of the collar t. 
The bag and wire gauze are then tightly stretched over the end, of the tube, 
and the collar u driven tightly on, by which moans the bag and virc gauze are 
securely held in their places. The lining-tube, is then put into the pressing- 
cylinder as far as the shoulder, g. A tubular-piece, is next put in, and brought 
into contact with the collar and then the gland, is screwed home, whereby the 
lining n is firmly retained within the pressing-cylinder. The end of the pressing- 
cylinder is contracted at /*, and forms a shoulder for the abutment of the collar y, 

1 he diameter of the aperture in which rt^gulates the pressure to which the matters 
under operation are subjected. Within the tube n there is fitted a solid plunger, A, 
which receives motion from the crank d by means of the connecting-rod I, tho parallel 
motion .being obtJiined by the wheels, w, on the cross-head, traversing on the side 
of the bed-plate at a*, .v is a hopper bolted to a flange, /-, on the pressing-cylinder, 
and communicating therewith. There is also an opening in the tube n at corre- 
sponding with the opening into the hopper, so that any materials placed in the hopper 
may fall into the tube n, when the plunger is withdrawn from beneath tho opening. 
At that, part of the pressing-cylinder which is occupied by the ‘ lining,* there are 
drilled niimci-ous small holes,/*, M'liich communicate at various points with the spiral 
groove ill the tube n. On the outside of the pressing-cylinder there are formed two 
collars, /*, which abut against tho projecting pieces, and caps, e, and cause 
the pressing-cylinder to Ite retained firmly in its place. When steam-power is to be 
emj)loyed to give motion to tho oil-press, it is preferable to have the crank which is 
actuated by the steam-piston formed on the end d', on the crank-shsift of the oil-press, 
aiul placed at such an angle to the crank c?, that when the crank c? is pushing tho 

]ihinger i to tho end of its stroke, the steam-piston will bo at the half-stroke, 

wlieroby tho motive-power applied will be the greatest at the time that the press 
oifers the most resistance ; and the stoam-piston also, when passing its dead points, 
will have to overcome tho friction of the machinery only, as the plunger, k, will be in 
tlie middle of its buck-stroke. When any other motive-power is applied to turn tho 
Cl ank d, it will be necessary to put a fly-wheel on the shaft d\ as also such cog-wheels 
us will bo necessary to connect it with the first mover. When this apparntus is to bo 
einployv.d in expressing linseed-oil, the seed, after having been ground and treated in 
tho way now commonly practised, is put into the hop^ier, and, motion being trans- 
mitted to the crank in tho manner before described, tho plunger k will commence a 

reciprocating movement in the tube « of the pressing-cylinder. Each time that it 

recedes in the direction of tho crank it will move from under the opening in tho 
hopper, and allow a portion of the seed to fall into the tube, while the reverse motion 
of the plunger Avill drive it towards the open end of the cylinder, its passage being 
much retarded by the friction against the sides of the tube-lining, but chiefly by tho 
contraction of the escape-aperture through tho collar which will produce a con- 
sideral*le amount of resisUince, and couseqiioutly tlie plunger will have to exert an 
amount of pressure upon tho seed in proportion as tho escape-aperture is made larger 
or smaller. The collar, J, is made moveable, and, by withdrawing the plunger entirely 
from the tube, it can be exchanged at any time for another having a larger or smaller 
opening. Tho lining may at any time be removed from tho cylinder, and the worn 
parts removed when found requisite. The action of the plunger is somewhat like that 
of tho plunger of an hydraulic press-pump, tho seeds being pumped in at one end 
of the pressing-cylinder, and allowed to escape at tho other, while the whole of tho 
interior of tho pressing-cylinder that contains seed is lined with hair-doth or other 
suiU’.ble pennons material, and, that it may be protected from injury, is covered with 
wire gauze or finely-perforated metal. The bag is thus completdy defended from 
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withiiit irfiil® it is supported at every part by the tube n, on the outside, and is thus 
•ul^jected to little wear, and to no risk of bursting. The expressed oil, passing 
through the wire ^uzo and bag, finds its way through a perforation into the 
spiral channel r, and from thence it finds ready egress by the perforations f ‘ in the 
pressing<<^linder, and, as it falls, is received by the cistern a\ from which it can be 
wwn by the pipe y. 

Two or more presses may be used side by side, actuated either by one crank-throw 
or by separate £rows upon one shaft, placed with reference to each other in such 
TnMiner as greatly to equalise the an.ouiit of resistance throughout the revolution of 
the erank-^aft. Although the one here described is a cylindrical pressing-plunger, 
an angfular section may be given to the pressing vessel find plunger, and may of course 
be used to express oils from any seeds containing them. In the drawing no method 
is shown for heating the seed-cake to be subjected to pressure therein ; but, as it is 
known to be desirable to heat some matters from which oil is to bo expressed, the 
following method is described : — 

When heat is to be applied during the process of pressing, it is desirable to make 
the pressing-cylinder of somewhat larger diameter, and of greater length, and k) 
divioe the cistern a' into two separate compartmeTjts, over both of which the pressing- 
cylinder is to extend ; a strong wrought-iron tube is to enter the open end of the 
pressing-cylinder, and to extend about half-way to the hopper, where it terminates 
in a solid pointed end; this tube is to occupy the centre of the pressing-cylinder, 
and will consequently leave an annular spiice around it, which will be occupied by 
the seed, meal, or other matters under operation. Steam is let into this iron tube, 
aod its temperature therebi’^ raised to any desired point. The end of the tube which 
extends beyond the pre8sing-e3'linder is to be securely attached to a bracket pro- 
jecting from the bed-plate, so that it maj' be firmlv held in its position, notwitliskind- 
ing the force exerted against the pointed end of it. The effect of this arrangement 
will be that, as the seed, meal, &c., fall into the pressing-cylinder, and are pushed 
fcurwaid by the plunger, the}' will give out a portion of their oil in that stato known 
as cold~drawn, which will fall into the first comyjartment of the cistern a\ The 

further progress of the meal along the pre.ssing- 
c.ylinder will bring it in contact with the pointed end 
of the heating-tul)e ; here it will have to divide 
itself, and pass along the annular space between 
the heating-tube and the lining, and, being thus 
spread ink) athincylindricyil layer around the tube, 
it will readih' absorb heat therefrom, W’hen a 
second portion of oil w’ill bes given out, and re- 
ceived by the second compartment of the cistern ; 
and thus will the operations of cold- and hot- 
pressing be Ciirried on simultaneously. 

Bessemer and He^'wood’s pat(;nt filso mentions 
another machine for the expression of oils from the 
seeds, &c. by pressure in connection with water, 
or water rendered slightly alkaline. A sectional 
drawing of it is represented in fy. 1681. a is a 
Gist-iron cistern, having semicircular ends, anil open 
on the upper side. At one end of it is fixed a 
cylindrical vessel, «. with hemispherical ends. The 
vessel is of considerable strength, and should be 
capable of wdtlistanding a pressure of 6,000 lbs. to 
the square inch. It is held in an upright po.sition 
by a flange, c, formed upon it, and exiending 
around one-half of its circumference. This flange 
rests upon a similar one formed around the upper 
side of the cistern, a, and is bolted thereto. At 
the upper part of the vessel b is formed a sort of 


oiq>-leather, k, is secured within the opening by 
means of the collar, o. In the bottom of the vessel 
B there is also an opening, into whicli is fitted a 
eup-leather, h, secured in its place by the ring j, 
which is firmly bolted to the vessel b. A strong 
rod, x, eoctmidi ftom the top of the arch d, down through the vessel b^ 
two olaiyniiiits or bosMS, fi)rmed upon it, which are fitted to the 


basin, B‘, the edge of which supports an arch- 
shaped piece of iron, d. At the centre of the basin 
there is an opening into the vessel, and an hydraulic 
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cup-leathers. The upper part of rod k has a screw formed upon it at k*, which 
passes through the boss and enters the boss n, in which a screw-thread is formed. 
The boss, s, is provided with handles, p, by turning which the rod k may be raised or 
lowered when required, n is a pipe, through whicli water may be injected into the 
vessel A, by a force-pump, such as is generally employed to work hydraulic presses, 
s is a cock, whereby a portion of the contents of the vessel b may be run olF, and the 
pressure relieved when necessary. The two bosses, K* and k*, being of equal area, 
whatever pressure may bo exerted within the vessel b, it does not tend to raise or 
' lower the rod k ; but such pressure, acting on the cup-leathers, will keep the joint 
tight, and prevent tho matters under pressure from leaking out. After a certain 
quantity of oil or oleaginous matters have been expressed from vegetable or animal 
substances, tlie remaining portions which they contain are more difficult to obtain, 
and we therefore treat the oil, in combination with the substances in which it is con- 
tained, in tlie following manner: — 

The aforesaid substances, after coming from tho oil-press or mill, are mixed with 
as much warm water, or water slightly impregnated with alkaline matter, as will 
reduce them to a semi-fluid state. They are then to he operated on in the apparatus 
last described. For this purpose tho handles r p are turned round, and the boss k* 
withdrawn! from its opening, while the boss k", which is much longer, will still close 
the lower aperture. The semi-fluid materials jiro then put into the basin b', and fall 
from thence into the vessel b ; w’hen it is fully charged, the rod k is again lowered 
into the position shown in the figure. The communication with the hydraulic press- 
pump is then made by means of a cock attached to the pump, from Vrhich the water 
flow’s, through tho pipe it, into the vessel b, and thus w’ith a few strokes of the pump 
the w’hole of the contents of the vessel u will be subjected to tho requisite pressure. 
An interval of a few minutes is then allowed for the combination of the oil and water, 
and tile cock s is then opened, and a small portion of tho fluid contents of the vessel 
allow’cd to escape into tho cistern. The pressure being thus relieved, tho handles p p 
are to be again turned so as to lift the rod k sufficiently high to withdraw the boss k* 
from tho lower opening ; the contents of the vessel b will then flow out into the 
cistern a, and the boss k% being again lowered so as to close the lower aperture, 
the refilling of the vessel may take place for another operation. The pressure thus 
brought upon the mixture of oleaginous matters and wat(T will cause the oil therein 
contiiinod to mix with the w’ater, and form a milky-looking fluid, from which tho oil 
may be afterwards separated from the water, either by repose in large vessels, or by 
evaporating the water therefrom by heat. When the oil is to be used for soap- 
making, and some other purposes, this combination of oil and water may bo used 
without such sep.'iration. When seed-oil is thus obtained, the mucilaginous matters 
assist ill combining these fluids. After the materials have been drawn off from the 
cistern a, and pa.ssed through a strainer, tho solid portions are to undergo another 
pressing, in order to displace tho remaining portion of their fluid contents. In somo 
cases it will be found advantageous to boil up the milky-looking fluid resulting from 
the operation last described, in order to coagulate the albuminous portions, and other- 
wise assist in the purification of tho oil. 

The quantities of oil produced by the various seeds vary greatly, and also different 
samples of the same kind of seed. 

The following noU*s of Mr. E. Woolsey, and his remarks upon the subject of seed- 
crushing, w’ill bo valuable : — 

‘ The chief point of difference depends upon the quality of seed employed. Heavy 
seed will yield most oil ; and seed ripened under a hot sun, and where the flax is not 
gjithered too green, is the best. The weight of linseed varies from 48 Iba. to 52 lbs. 
per imperial bushel ; probably a very fair average is lbs„ or 392 lbs. per imperial 
quarter. I inspected one of the seed-crusher’s books, and the average of 15 trials of 
a quarter each of different seeds in the season averaged 14^ gallons of 7 Jibs, each; 
say, 109 lbs. of oil per quarter. The crusher, who uses only the hydraulic press, and 
one pressing, informed me that 

Archangel seed will yield from . . . 15 to 16 gals, (of 7|lb8. each). 

Best Odessa 18 and even 19 „ ,. 

Good crushing seed 15J „ n 

Low seed, such as weighs 48 lbs. per bushel . 13J „ >» 

* The average of the seed he has worked, which he represents to be of an inferior 
quality, for the sake of its cheapness, yields 14 J gallons per quarter. I had some 
American seed which weighed 52 J lbs. per imperial bushel, ^und and pressed 
under my own observation, and it gave me 111 lbs. of oil; that is to say, 418 lbs. of 
seed gave 111 lbs. of oil *»26 per cent. A friend of mine, who is a London crusher, 
told me the oil varied according to the seed from 14 to 17 gallons ; and when you eon* 
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(dder tli6 rdAtive value of seeds, and romomber that o 'd and calcc from any kind of seed 
Is of tins SCHMS it will be apparent that the yield is very different ; for example, 

T_t_ Ajc I f East India linseed worth . • 625. per quarter. 

The diff^enoe of 45 . must be paid for in the quantity of oil which at 38.?. per cwt. 
(the then price) requires about 11^ lbs. more oil expressed to pay for the difference in 
the market value of the linseed. Another London crusher informed mo that Last 
India linseed will produce 17 gallons, and he seemed to think that that was the ex- 
treme quantity that could be expressed from any seed. The average of last year s 
Bussian seed should be about 14 gallons ; Sicilian seed, 16 gallons. 


Plaoe 

Engine- 

power 

Hydraulic 

presses 

Stamp- 

ers 

Rollers 

Edge- 

stohes 

Kettles 

Work done, — 
reduced to an 
hour 

Number 
of pres- 
sings 

JFnaxx 

10 horse- 

1 hydrau- 

5 light 

1 pair 

1 pr. edge- 

0 table kettles 

1 English 

2 pros- 


ower 

lie, 200 
tons 

stauip- 

ers 

rolls 

stones 

small size 
heated by 
steam 

quarter per 

M'orking 

hour 

sings. 

Londom 

^Ohorse- 

po-wer 

1 hydrau- 
lic, 800 
tons 

13 light 
stamp- 
ers 

1 imir 
rolls 

2 pr. edge- 
stones 

8 table kettles 
small size 
heated by 
fire 

2 English 
quarters 
per work- 
ing hour 

2 ditto. 

London 

12 horse- 
power, but 
the engine 
is used also 
for other 
work 

none 

9 light 
stamp- 
ers j 

1 

i 

! 

2 pair 
rolls, 
used 
also for 
other 
pur- 
poses 

2 pr. edge- 
stones, 
used also 
for other 
purposes 

4 table kettles 
small size 
heated by 
fire 

1 English 
quarter per 
w’orking 
hour 1 

] 

2 ditto. 

HaU . 

18 horse- 
engine, old 
construc- 
tion 

nouc 

I 

8 very ■ 
heavy ; 
stamp- : 
ers 1 

] pair 
rolls 1 

1 pr. edge- 
stouus 

3 double case 
large size 
steam 
kettles 

11 English 
quarter per 
working 
hour 

1 ditto. 

Ditto . 

22 horse- 
engine 

none i 

! 

6 veiy ! 
heavy j 
stain] »• 
ca-s 

2 pair 
rolls 

2 pr. edge-; 
stones j 

j 

O double case 
large size 
steam 
kettles 

Not known 

1 ditto. 


‘ Bape-sced — I hare not turned my attention to the quantity of oil extracted from 
this 8^ ; but a French crusher (M. Geremboret), on whom, I think, one may place 
considerable dependence, told me, that 

lbs. of best Cambray rape-setd yielded , , 1 lb. of oil. 

3f „ common rape-seed , , , . 1 „ 

4i ,, „ poppy-seed . . , . 1 „ 

‘ Bape-seed yields from 52 lbs. to 66 lbs, per imperial bushel.’ 

The following Table shows tlie quantity of oils obtained from some seeds, fruits, &c. : — 


100 parts of each 

Oil per cent. | 

Walnuts .... 

40 to 70 ; 

Castor-oil seeds . 

62 ! 

Basel nuts 

60 

Garden cress seed 

56 to 58 

SwMt almonds . 

40 to 54 

Bitter almonds . 

28 to 46 

Pogpfiy seeds 

Oil[y radish seed 

56 to 63 

50 

Sesamnm (jugoline) . 

50 

lime-tree se^ . 

1 48 

Cabbage seed . 

30 to 39 

Whits mnstaid . 

36 to 38 

Bspe, colewort^ and Swedish 
tvmip seeds . 

33*5 

Hum ksmeb . 

33*3 

Colassed. 

36 to 40 

Bapessid, ... 

SO to 36 

Buphorbium (spnige seed) 

30 


100 j>Rrts of each 

Wild mustard seed . 
t'amelina seed . 

Weld seed . 

Gourd seed . • 

Lemon seed 
Onocfirdium acantlie, 
bear s foot 
Hemp seed 
Linseed 

Block mustard seed . 
Beech mast 
Sunflower seeds . 
Stramonium, or thorna] 
seeds 

Grape-stones 
Horse-chestnuts 
St. Julian plum . 


30 

28 

20 to 30 
25 
25 


14 to 25 
11 to 22 

15 

15 to 17 
15 

15 

14 to 22 
1*2 to 8 
18 
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To olDtain the above proportions of oil, the fruits must be all of good quality, 
deprived of their pods, coats, or involucra^ and of all the parts destitute of oil. 

Purification of Oils. — As the oils are obtained from the mills they generally contain 
some albuminous and mucilaginous matter, and some other impurities which require 
to be removed in order to render the oil perfectly clear and fit for burning, &c. 
Several processes have been proposed for this purpose, but the one most generally used 
is that known as Thenard’s process. 

Although concentrated sulphuric acid acts so strongly on the oils, it is found that, 
w'hen adcYod only in small quantities, it attacks principally the impurities first. 
Th^nard’s process consists in adding gnidually 1 or 2 per cent, of sulphuric acid to 
the oil, previously heated to 100°, and well mixing them by constant agitation. To 
effect this the process may be carried on in a barrel fixed on an axis and kept re- 
volving, or in a barrel which is itself immoveable, but having fixed on its axis a 
moveable fan. After the action of the acid is complete, which is known by the oil, 
after 24 hours' rest, appearing as a clear liquid, holding flocculent matter in sus- 
pension, there is added to it a quantity of water, heated to 140°, equal to about two- 
thirds of the oil ; this mixture is well agitated until it acquires a milky appearance. 
It is then allowed to settle, when, after a few days, the clarified oil will rise to the 
surface, while the flocculent matter will have fiillon to the bottom of the acid liquid. 
The oil may then be drawn off, but requires to be filtered to make it perfectly clear. 
The filtRition is always a difficult matter, and is conducted in various ways. It is 
sometimes placed in tubs, in the bottom of which there are conical holes filled with 
cotton, but the holes become speedily choked with solid matters. Another and more 
speedy process is by the means of a displacing-funnel, the apertures in the diaphragm 
being stopped with cotton. 

Several patents liave l)ecn taken out for the purification of oils ; some passing hot 
air through the oil while at the same time exposed to the action of light ; others, 
passing steam through the oil. 

Cogan’s process is a combination of the latter with Thenard’s. He operates upon 
about 100 gallons of oil, and for tliis quantity ho uses about 10 lbs. of sulphuric acid, 
wliich lie dilutes previously wdth an equal bulk of water. This acid mixture is 
added to llio oil, placed in a suitiiblo vessel, in three parts, the oil being well stirred 
for about an hour between each addition. It is then stirred for 2 or 3 hours, in 
order to I'nsuro a perfect mixture, and thus let every particle of the oil be acted on 
by the iicid. It then has assumed a very dark colour. iVfter being allowed to stand 
for 12 hours, it is transferred to a copper boiler, in the bottom of which are holes, 
tlirough w’hich steam is admitted, and, passing in a finely-divided state through the 
oil, raises it to the temperature of 212°. This steam process is carried on for 6 or 
7 hours ; the oil is then transferred to a cooler, having the shape of an inverted cone, 
terminating in n short pipe, provided with a stop-cock, inserted in its side a little dis- 
tance fr<jm the bottom. After being allowed to stand till the liquids are separated, ■ 
wliich generally tiikos about 12 hours, the acid liquor is drawn off through the pipe 
at the bottom, and the clear oil by the stop-cock in the side of the cooler; all below 
this tap is generally turbid, and is clarified by subsidence, or mixed with the next 
I^ortion of oil. 

Stjmetimes an infusion of nut-galls is used to separate the impurities, the tannic 
acid contained in which renders the impurities less soluble ; the infusion is well mixed 
with the oil by agitati(jn, and, after separating the two liquids, the oil is deprived of 
any tannic acid it may have retained, by treating it with acetate of lead, or sulphate 
of zinc. When the oil is to be used for machinery it must be dried by treatment with 
freshly-calcined sulphate of lime, or curbouato of sotla. 

(jkxeral Remauks on the Non-dbying Oils. 

Olive Oil. — Few vegetables have been so repeatedly noticed and so enthusiastically 
described by the ancient writt'rs as the olive tree. The ‘preserve or pickled olives 
are the green, unripe fruit deprived of part of their bitterness by soaiing them in 
water, and then preserved in an aromatised solution of salt. There are several 
varieties mot with in commerce, but the most common are the s^nall French or Provence 
olive and the large Spanish olive. AVIieii ripe the fruit abounds in a bland fixed oil, 
which is an unctuous fluid, of a pale yellow or greenish yellow colour, with scarcely 
any smell and a bland and mild taste. lu cold weather it deposits white fatty globules 
(a combination of oleino and margarine). Pure olive oil has less tendency to become 
rancid than most other fixed oils, but the second qualities rapidly become rancid, 
owing probably to some foreign matters. It is not a drying oil, and is less apt to 
thicken by exposure to tlie air, and for this reason is preferred for greasing delicate 
machinery and clock-work. Brnnde described a process for preparing it for these. 
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liittair pnrpoMS. The oil is gubjected to cold, when it principally Bolidifies ; the 
^ort2o]i, hoveTer, which etill remains liquid is poured oflF from the solid portion. A 
{toe of eheetdead, at some shot, are then placed in it, and it is exposed in a corked 
phial to the action (rf sunshine. A white matter gradually separates, after which the 
dl becomes clear and colourless, and is fit for use. Some oil prepared by this pro- 
cess kept its consistence very well for four or five years while in a stoppered bottle, 
but when exposed to the atmosphere it began to thicken, and did not answer so well 
as was expected by the watchmaker who tried it, from its appearance before exposure 
to the air. 

The principal object in the process appears to be to get as pure oleine as possible, 
but the purer the oleine the more likely is it to become thick. Accx)rding to 
Kerwych, oleine of sing^ar beauty may be obtained by mixing two parts of olive oil 
with one part of caustic soda-lye, and macerating the mixture for twenty -four hours 
with frequent agitation. Weak alcohol must then be poured into it, to dissolve the 
margarine soap, whereby the oleine, which remains unsaponified, is separated, and 
floats on the suriace of the liquid. This being drawn off, a fresh quantity of spirit is 
added, till the separation of the oleine be complete. 

It has a slightly yellowish tint, which may be removed by digesting with a little 
animal charcoal in a warm place for twenty-four hours. By subsequent filtration, 
the oleine is obtained limpid and colourless, and of such quality that it does not 
thicken with the greatest cold, nor does it affect either iron or copper instruments 
immersed in it. There are four different kinds of olive oil known in the districts 
where it is prepared : — 1. Virgin oil ; 2. Ordinary o\\ {huilc ordinaire) ; 3, Oil of the 
infernal regions (huile dUenfer) ; 4. Oil prepared hy fermcniatum. 

1, Virgin oil. — In the district Montpellier the}" apply the term virgin oil to that 
which spontaneously separates from the paste of crushed olives. Tliis oil is not met 
with in commerce, being all used by the inhabitants of the district, either as an 
emollient remedy, or for oiling the works of watches. In the district of Aix they 
give the name virgin oil to that which is first obtained from the olives ground to a 
paste in a mill, and submitted to a slight pressure two or three days after collecting 
the fhiit. Thus, there is no virgin oil brought from Montpellier, but a good deal of 
it is brought from Aix. 

2. Ordinary oil, — In the district of Montpellier, this oil is prepared by pressing the 
olives, previously crushed and mixed with boiling water. At Aix, the ordinary oil is 
made from the olives which have been used for obtaining the virgin oil. The paste, 
which has been previously pre.ssed, is broken up, a certain quantity of boiling water 
is poured over it, and it is then again submitted to the press. By this second ex- 
pression, in which more pressure is applied than in the previous one, an oil is ob- 
tained somewhat inferior in quality to the virgin oil. The oil is separated from the 
water in a few hours after the operation. 

8. Oil of the it^femal regions (huile cT enfer). — The water which has l>een employed 
in the preceding operation is, in some districts, conducted into large reservoirs, 
called the internal regions, where it is left for many days. During this period, any 
oil that might have remained mixed with the water separates, and collects on the 
Bor&oe. This oil being very inferior in quality, is only fit for burning in latnps, fur 
which it answers very well. It is sometimes called lamp oil. 

4* Fermented oil (huUe fermentie). — This is obtained in the two above-named dis- 
tricts, leaving the fresh olives in heaps for some time, and pouring I oiling water 
over them before pressing the oil. But this method is very seldom put in practice, 
for the olives during the fermentation lose their peculiar flavour, become much 
heated, imd acquire a musty taste, which is communicated w the oil. 

The frnity flavour of the oil depends upon the quality of the olives from which it 
has been pressed, and not upon the method adopted in its preparation. 

When olive oil is mixed with nitrous acid or nitrate </ mercury, it solidifies after 
some time, and forms a solid fat, of a light yellow colour, which is called elaidine. It 
is the olrine of the oil that is affected, and appears to undergo a molecular change, fur 
the Mdme is said to have the same ultimate composition as oleine itself. 

Olive oil is used as food and in salads, hence it is often culled salad oil. 

0& qf JUmtmde , — The tree (Amygdalus communis) which yields the almond is a 
nativa ii Syria and Barbazy, but is now abundant throughout the south of Europe, 
and g row s even In England though here the ftuit seldom ripens. The oil is ob- 
tained by expr s eri on ftarn the bitter or sweet almonds, but most generally from the 
fermer, from the Ihet of their being dieaper, and the residual cake being more 
yielding by distillation with water the essential oil of almonds \ when the 
gjaanee cf water is carsfrilly avoided, the oil obtained from them is auite as good as 
ahil obtained ftmn the sweet almonds ; but when water is present with the almonds, 
fliwonld be the ease iftheywm deprived cf tboir skins by maceration in water, the 
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oil would possess a more or loss acrid taste. The average produce is from 48 to 52 lbs. 
from 1 cwt. of almonds (Pereira). When recently expressed it is turbid, but by 
rest and filtration becomes perfectly transparent. It possesses generally a slight 
yellow colour, which becDmes considerably paler by exposure to sunshine. It has a 
mild bland taste, and little or no odour. It is less easily congealed by cold than olive 
oil. It speedily becomes rancid, and should be kept in well-stoppered bottles. It is 
soluble in 25 parts of cold alcohol, and in 6 parts of boiling alcohol, and mixes in all 
proportions with ether. It is used for the same purposes as olive oil, in medicine, &c. ; 
it is nutritious, but difficult of digestion ; it is often used mixed with gum or yolk-of- 
egg as an emulsion. 

Almond oil is sometimes adulterated with olive oil, poppy, and teel oil ; and some 
commercial sanmles of oil seem to be only olive, mixed with a little almond oil. 

Teel Oil, or Oil of Seeamum. — The seeds which yield this oil are obtained from tlie 
Sesamum orientalc, and are much esteemed in South Carolina, where they are willed 
oily grain, and are made into soups and puddings, like rice. The fresh seeds yield a 
warm pungent oil, which loses its pungency after a year or two, ami is then used for 
salad: it is often mixod with olive oil for soaps, &c. 

Oil of Bchen or Ben. — This oil is obtained by expression from the seeds of a plant 
(Moringa aptera) indigenous to Arabia and Syria, and cultivated in the West Indies. 

Beech Oil. — The nut of the Fagus sylvatica yields two kinds of oil, one a turbid oil, 
and the other a clear oil, slightly yellow, and very thick ; it is used in France in 
cooking, also for illuminating purposes; and the poor of Silesia use it instead of 
butter. 

Oil of Mustard. — The seeds of the white mustard (Sinapis alba) yield about 36 per 
cent, of a yellow fatty oil, that does not solidity by cold. The seeds of the Sinapis 
nigra yield about 18 per cent, of a similar oil. 

Rape-seed Oil is expressed from the seeds of various kinds of Brassica ; the seeds 
are used when quite dry, being often submitted to heat to coagulate the albumen. 
The oil requires considerable purification before it is fit for use. There are various 
methods of purifying the oil. Thenard's process, before mentioned, serves well ; Dr. 
Rudolph Wagner found a solution of chloride of zinc an advantageous substitute for 
sulphuric acid in tlie clarification of the oil ; Deutsch recommends subjecting the oil 
to heat until it Ix'giiis to decompose, and then keeping it in a gentle state of ebullition 
for a few hours ; a scum forms and separates, and, after a few days’ rest, the oil is fit 
for use. Warburtoii agitat.es the oil with a certain quantity of a solution of caustic 
soda, which dissolves the impurities; these separating with the small quantity of 
soap formed, the oil is afterwards washed with water. English rape-seed yields the 
best oil ; it is u.scd for illuminating, for the manufacture of soap, for oiling woollen 
stuffs in the process of manufactui’c, in the preparation of leather, and for lubricating 
machinery. 

Blitter of Cacao is prepared from the cacao-nut, the seed of the Theohroma cacao. 

Plum-kernel Oil.— An oil expressed from the kernel of the Primus domestica, re- 
sembling the oil of swi'cfc almonds. 

The Cocoa-nut oil of commerce is obtained from the kernel of the nut of the Cocos 
nucifera, &c. It is a white solid, possessing a peculiar odour and a mild taste. It is 
composed principally of a peculiar fat, cocinine, and a small quantity of oleine ; it 
speedily becomes rancid. It is employed in the manufacture of caudles and soap; 
it makes a good marine soap that will lather with sea-water ; in Ceylon it is used as 
a pomatum. There is another oil expressed from the bark of the same trees, and used 
by the Cingalese as an ointment in cubineous diseases. 

Laurel Oil, known also as oil of Bag, is obtiiined from the berries of the Laurus 
nobU'is. See Laurel Oil. 

Groimd-Nut Oil. — This is obtained from the fruit of the ground-nut plant (Arachis 
h'ypog<pa). According to Dr. Buchner this plant belongs to the Leguminosm, and the 
fruit is a netted yellowish-grey ptxi, of from 1 to 3 inches long, and 4 to 9 lines 
thick, in which arc coutaiutd two or three brownish -red ovate seeds, of tJie size of 
a small hazel-nut. Their parenchyma is white, very nutritious and oily ; on which 
account the Arachis, which is indigenous to the tropical parts of America, has been 
transplanted to Asia and Africa, and even to the south of Europe, and is in that 
climate frequently cultivated and employed for the manufacture of the oil. The oily 
seeds possess a sweet tjiste, somewhat like that of haricot beans, and are used in 
tropical climates jiarl ly raw, and partly prepared into a sort of chocolate, which, how- 
ever, is not equal to that prepared from cacao. The oil is employed for the same 
purposes as olive oil. It is of a somewhat greenish colour ; and has a specific gravity 
of 0-9163 at 60® Fahr. 

Colza Oil. See Colza. 

Tallow, — This is prepared from the fruit of the Vateria Indica, a tree which 
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gtW i in Malabar. It is obtained by boiling the fruit with water, and collecting the 
nt which rises to the soiface. It is white, greasy to the touch, and of an agreeable 
odonr. Its fosing-point is at about 95° ; its specific gravity at 69° is 0’926, and ;it 
95®, 0*8965. It answers well for the manufacture of soap and candles ; but is little 
Jmowa in this country. 

Spindle^trte Oil . — ^e oil of the spindle-tree {Euonymvs Europ(giL6\ is yellowish, 
father thick, with the odour of col 25 a oil, of a bitter and acrid taste. It is solid at 

5° Fahr. 

Sutter of SuimegB, — ^This is commonly known in the shops as cjpryssed oil of mace, 
and is prepared by beating the nutmegs to a paste, placing them in a bag and ex- 
posing them to steam, and afterwards pressing between heated plates. It is imported 
in oblong cakes (covered by some leaves), which have the shape of common bricks, 
only smaller. It is of an orange colour, firm consistence, fragrant odour, like that of 
nutmegs. The genuine article may be known by being soluble in four times its 
weight of boiling alcohol, or half that quantity of boiling ether. Its principal use is 
in medicine. It must not be confounded w'ith essential oil of mace. 

The Drying Oils, 

Linseed Oil. — The oil is obtained by expression from the seeds of the common 
flax {Linum nsUatissimiim), either with or witlioiit the aid of heat ; the latter, b(‘iiig 
known as cold-drawn linseed oil. is bettor than that expressed by heat. 

Linseed oil is easily saponified, jnelding a mixture of oloate and margarate of the 
alkali, and a large quantity of gl 3 'cerine. 

It is acted on rapidly by nitric acid, producing iiiargaric acid, pimelic acid, and 
some oxalic acid. 

Chlorine and bromine act on it. yielding thick, coloured products: when linseed 
oil is heated in a retort it gives oflT, before entering into ebullition, largfi quantities 
of white vapours, which condense to a limpid, colourless oil, possessing the odour of 
new broad. As soon as the ebullition commences these vapours cease ; the oil froths 
up, and at length there is left a thick gelatinous residue, veiy much resembling caout- 
chouc. 

The principal use of linseed oil is in making paints and varnishes. It attmets 
oxygen rapidly from the air and solidifies, and this property is what render.s it so 
valuable for these purposes : it is the most useful of all the drying oils. Tlie .small 
quantities of vegetable-albumen and mucilage which the oil naturally contains ap}»(jar, 
according to Liebig, to im}^ir to a certain extent its drj'ing qu:i lilies, and the real 
object which is obtained by boiling these oils vith litharge, or acetate of Je.ad and 
litnaige, is the removal of these subst^inces ; the oil then being bi'ought. more directly 
in contact with the oxygen of tlio atmosphere, dries up more rapidly. It was pre- 
viously thought that some of the litharge was reduced to metallic lead, oxidising at 
the same time some of the linoleine ; but Liebig’s opinion seems to l>e more likely to 
be correct. The boiling of the oil requires some little care. A few hundredths of 
litharge is added to the oil, or some use acetate of load and litharge, and, as before 
stated, about an eighth part of resin ; this is boiled with tlie oil, the scum removed as 
it forms, and, when the oil has ticquired a reddish colour, the source of iieat is re- 
moved, and the oil allowed to clarify by repose. Liebig thinks heal is not m'cessary, 
ft&d his process for treating the drying oils, in order to increase their siccative ju-o- 
perdes, has already been mentiont^. According to MM. K Barruel and Jean, the 
remnifleatioD of the drying oils may be effected by the smallest quantities of certain 
subitanees, which would act in the manner of ferments. 7’he borate of mauganese 
acts in this way ; a ^usandth part of this salt being sufficient to determine the rai)id 
desiooation of these oils. 

linseed oil is used in the manufacture of printer’s ink. Being heated in a ves.sel 
imdi it t^es fire, it is allowed to burn some time, then it is tightly covered ; and 
•abpsiinently mixed with about one-sixth of its weight of lamp-black. 

The thin, gummed silks receive the last of their many l.ayers with boiled liiisoed- 
oil; it is also used for leather-varnishes and for oil-cloths. 

' Tha remduai after the expression of the oil from the seeds, is called oil -cake, anil is 
8(M foe feeding cattle ; that obtained from the English liuseod is the best. 

WidmiU OiLo-^This is obtained by expression from the ordinary walnuts deprived 
innsviously of their skin, which are the produce of a tree {Juplaus regia) which i.s a 
native of ^rsia, hat cultivated in this countij for the sake of llie nuts. 

When leceaUy pfepoied it is of a greenish colour, but by age becomes a pale 
yellow. Aooorffiug to M. Sanssure its specific gravity at 6a 6° Fahr. is 0 9283, 
and at 201® Fahr., 0*871. It has no odoun but an agreeable taste. At 6° Fahr. 
It ^ideena, u4 at 17*5^ Fahr. it forms a whitish moss. The nuts yield about 60 



OILS 


44^ 


per cent, of oil. It dries still more rapidly even than the linseed oil. It is prin-» 
cipally used for paints and varnishes, and from its lighter colour, it is often used for 
white paints. 

Oil the HazeUnut. — This is extracted from the seeds of the Corylus avellana^ 
which yield about 60 per cent, of the oil. It is liquid, has only a slight colour, no 
odour, and a mild taste. Its specific gravity at 59° Fahr, is 0*9242 ; at 14° Fahr. 
it solidifies. 

Poppy Oil. — This is expressed from the seeds of the common poppy {Papaver 
fomniferum), which grows wild in some parts of England, It is cultivated in very 
largo quantities in Hindostan, Persia, Asia Minor, and Egypt, for the sake of the 
opium which is obtained from the capsules. It is cultivated in Europe for the cap- 
sules, which are used in medicine, and for the oil extracted from the seeds. The oil 
is obtained by expression from the seeds, which do not possess any of the narcotic 
properties of the capsules. These seeds are sold for birds, under the name of maw- 
seed. 

It is used sometimes for burning ; and, after treatment with litharge or subacetato 
of load, is used for paints. 

Hemp-seed Oil. — The seed of the common hemp {Cannabis sativa) yield, by expres- 
sion, from 14 to 15 per cent, of their weight of a fixed oil. It is obtained principally 
from Russia, but the native places of the plant are Persia, Caucasus, and hills in the 
north of India. The seeds are small, ash-coloured, shining bodies. They are de- 
mulcent and oleaginous, but possessing none of the narcotic properties of the plant. 
They are employed for feeding cage-birds, and it has been stated that the plunjage of 
certain birds, as the bullfinch and goldfinch, becomes changed to black by the pro- 
longed use of this seed. When fresh this oil is greenish, but becomes yellow. by age ; 
it Has a disagreeable odour, and insipid taste. It is sometimes used for illuminating- 
purposes, but, being a drying oil, it forms a thick varnish, and thus clogs the wick ; 
it is used also in making soft soup, and in paints. When boiled with litharge or sub- 
acetate of lead it forms a good varnish. 

Sunflower Oil. — The seeds of the sunflower {Helianthus annuus) yield about 15 per 
cent, of a limpid oil, having a clear yellow colour. It has an agreeable odour, and 
mawkish tfiste. Its specific gravity at 60° is 0*9263 ; at 9° Fahr. it becomes solid. 
It is sometimes employed as food, as well as for illuminating-purposes, and for making 
soap. 

Castor Oil. — The castor-oil plant has been known from the remotest ages. Caillaud 
found the seeds of it in some Egyptian sarcophagi, supposed to have been at least 
4,000 years old. Some people imagine it is the same plant that is called the gourd 
in Scripture. It was called KpSrwv by the Greeks, and ricinus by the Romans. It is 
a native of India, where it sometimes ^ow's to a considerable size, and lives several 
years. There appear to be several species of the Ricinus ; the officinal is the Ricinus 
communis, or Palma Ckristi. 

The seeds are oval, somewhat compressed, about 4 lines long, 3 lines broad, and 
1 \ lino thick ; externally they are pale grey, but marbled with yellowish-brown spots 
and stripes. 

The oil may be obtained from the seeds by expre.ssion, by boiling with water, or 
by the agency of alcohol. Nearly all that is consumed in England is obtained by 
expression. 8ec Castou Oil. 

Castor oil is said to bo adulterated sometimes with croton oil, to increase its 
activity, this is u dangerous sophistication ; it is also mixed with some cheap fixed 
oils. The latter adulteration has been said to be detected l)y the solubility of castor 
oil in alcohol ,* but, unfortunately, castor oil may contain as much as 33 per cent, of 
another fixed oil, and yet bo soluble in its own volume of alcohol {Pereira), this oil 
possessing the property of rendering other oils soluble in spirit. 

Grajje-seed Oil. — The grape-stones {Vitis vinifera) yield about 11 per cent, of tlieir 
weight of a fixed oil, which is, M’hen fresh, of a clear yellow colour, but becomes 
brown by age. It has an insipid taste, and little or no odour. Its specific gravity at 
60° Fahr* is 0*9202 ; at 3° Fahr. it becomes solid. It is not of much value for illumi- 
nating purposes ; but in some southern localities it is used for food. 

Oil of the Pine and Fir trees. — In the Black Forest, in Germany, an oil is extracted 
from the cleaned seeds of the Pinus picea and P. abies. It is limpid, of a golden- 
yellow colour, and resembles in smell and taste the oil of turpentine. Its specific 
gravity at 60° Fahr. is 0-93 ; it only congeals at - 22° Fahr. It is very flui^ and 
dries rapidly. 

Oil of Camelina . — This is extracted from the seeds of the Myagrum sativum. It is 
of a clear yellow colour, with but little smell or taste, and dries rapidly by exposure 
to the air. 

The Oil of Belladonna-seeds.— Thin oil is extracted in Wurtembeig from the seeds 
VoL. HI. G G 
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Hia 4ir^ ieUadoma, and^ii there tued for lightiDg and cooking. It is limpid, of 
• foidea-j^iloir odour, insipid taste, and no odour. 

Oil of 2b6o00e-Msds.— .The seeds of the Nicotiana tabaaim yield about 31 per cent, 
of their ireight of a drying oil, which is limpid, of a greenish-yellow colour, and no 
odoor. It does not possess any of the narcotic principles of the plant. 

OoUom^idgd Oil, — ^Many attempts have been made to render fit for use the oil 
obtained from the seeds of the cotton-plant {Gossyjtium Barhadense, &c.), as immense 
qnantitieo of these seeds are allowed to rot, or used only as manure upon the cotton- 
lands of the south of the United States of America. When obtained by expression, 
ths dl iHhidi runs from the press is of a very dark red colour. It, however, deposits 
some if the colouring-matter by standing, as well as a portion of semi-fluid fat ; and 
in cold weather this is precipitated in large quantities ; and only partially redissolves 
a^n by increase of temperature. The great obstacle to the use of the oil thus 
obtainea is its colour, which appears to be derived from a dark, resinous substance, 
presenting itself in small dots throughout the seed. Those may readily be seen by 
SQKSmining a section of the seeds with a lens, or even with tlie naked eye {Mr, Wayne ^ 
BharmaceiUicdl Journal^ xvi. 335). In bleaching the oil loses from 10 to 15 per cent., 
a portion of which may be again recovered and used for making soap, for which pur- 
pose oott(m-Beed oil seems best fitted. It is a drying oil, and consoquently not well 
fitted for machineiy ; and, when burnt, rapidly clogs the wick. A very good soap for 
cmnmoD purposes is mode from it in New Orleans. 

Mr. Wayne also states, * that the oil, to bo made profitably, should either bo 
manufactui^ in the vicinity of the cotton-planbition, as the seeds, from the attached 
fibre, are bulky, and the cost of transportation great ; or the seed should be hulled 
at the spot, and shipped to the place where it is to be pressed in that condition, as it 
requires three or four bushels of seed in the wool to produce one bushel of hulled seed 
T6MJ for the mill. The hull and attached fibre are useful for paper stock ; and the 
cake, left after the extraction of the oil, is nearly as valuable a food for cattle as that 
of linseed. 

^It app^n that boiling the crushed seeds with water yields a very bland, light 
coloured oiL 

* The desire to bring this oil into use still exists, for a sample of it was sent a few 
months since from a merchant in Ajnerica to a friend of mine to see if he could suc- 
ceed in purifying it, which no doubt will ultimately be effected by some one.’ 

OroUm Oil . — This oil is obtained from the seeds of the Croton Itplium by expres- 
aipn, or by the use of alcohol. It is a most violent purgative, and its only use is in 
medicine. 8ee Pereira’s Materia Medica, 


Animal Oils. 

The only oils which will be mentioned here are lard oil, tiillow oil, and neat’s-foot 
oiL The solid fats will be described under their different heads. See Stearink, 

Lard Oil . — This oil is now imported largely from America; and is obtained by 
•ubjecting ordinary hog's-lard to pressure, w’hon the liquid })art sepirates, while 
the lard itaelf becomes much harder. It is employed for grwising wool, for whicli 
purpose it answers very well, and may be obtained at a low price. According 
to Braconnet, lard yields 0-62 of its weight of this oil, which is nearly colourless. 
Specific gravity O’OIS {ChevreiU). 100 parts of boiling alcohol dissolve 123 parts 
ol it 

7}aUoiW on. — This oil is obtained from tallow ])y pressure. The tallow is melted, 
and, when separated from the ordinary impurities by subsidence, is poured into 
Veaeele, and flowed to cool slowly to about 80°, when the stojirine separates in 
granul^ which may be separa^ from the liquid part by straining through flannel, 
and ie then pressed, when it yields a fresh portion of liquid oil. It is employed in 
the mannfrotore of some of the best soaps. 

Neafo^foot Oil . — ^Affcer the hair and hoofs have been removed from the feet of 
th^ yield, when boiled with water, a peuliar fatty matter, which is known 
imdar the name of meai$-foot oil ; after standing, it deposits some solid fat, which is 
aq^MUMtad bjr filtrataon : the oil then does not congojil at 32° and is not liable to 
xaa^. It if often mixed with other oils. This oil is used for various pur- 
poaea, eneeially, owing to ite remaining liquid at so low a temperature, for oiling 
chinch ctookc, uhioh require, in consequence of the cold they are exposed to, an oil 
which is not liable to semdify. 

Fish Oils. 

hlthoaih ^ whale is not, truly speaking, a fish, the oil obtained from it is classed 
ip m g fish it&d those whiw will be described here are, whale oil, porpoise 
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oil, Beal oil, and cod-liver oil. The three former are all known under the name train 

oil. 

Whale Oi/.— The capture of the whales is a large commercial undertaking ; many 
well-manned ships, and fitted out at a great expense, proceed every year from 
England, Holland, Franco, and other nations, into the Arctic zone in search of these 
animals, and especially the Greenland species {Balana mysticeUis), This valuable 
animal has produced to Britain 700,000/. in one year, and one cargo has been known 
to be worth 11,000/. The Greenland whale inhabits the polar seas ; its length is 
from 60 to 70 feet when full-grown. When the whales are captured they are secured 
alongside the ship, and the process of flensing commences. The men, having shoes 
armed with long iron spikes to maintain their footing, get down on the huge and 
slippery carcass, and, with very long knives and sharp spades, make parallel cuts 
through the blubber, from the head to the tail. A band of fat, however, is left 
around the nock, called the kent^ to which books and ropes are attached for the 
purpose of shifting round the carcass. The long parallel strips are divided across 
into portions, weighing about half a ton each ; and, being separated from the flesh 
beneath, are hoisted on board, chopped into pieces, and pub into casks. During the 
homeward voyage the animal matters, &c. attached to the blubber, undergo decom- 
position to a certain extent, while there is at the same time a peculiar fat formed, 
which is a compound of glycerine and phoncnic acid, and which imparts the disagree- 
able odour peculiar to train oil. Dumas has shown that this acid is identical with 
valerianic acid. After the decomposition of the blubber, the oil runs from it easily, 
and the whole is put into casks with perforated bottoms, placed over tanks for 
receiving the oil. The oil is heated to about 212°, to facilitate the separation of 
the impurities; and, in order to further purify it, some use a solution of binnin, 
to precipitate the gelatine present ; others use dilferent metallic salts, as acetate 
of lead. On the western coast of Ireland the whale is sometimes captured, and 
yields a large quantity of very good oil, superior to sperm oil for illuminating 
purposes. The sperm whale {Thyseta maerocephalus) does not yield so much oil 
as the Greenland whale, but yields considerably more of the valuable substance 
spermaceti. 

Train oil is of a brownish colour, with a disagreeable odour. It is used for 
lighting, in the manufacture of soaps, and in the preparation of leather. 

Seal Oil . — The seal-fishery of Newfoundland has now become the most important 
part of the trade of that colony. Although, perhaps, not so extensive a staple as the 
cod'fishery, yet, when capital and time employed, &c., are taken into consideration, it 
is the most profitable business of that colony. 

A quarter of a century ago, there wore only about 60 vessels, varying from 30 to 
60 tons burthen, engaged in this branch of trade ; but it has since been gradually 
increasing, until upwards of 400 vessels are engaged in the trade. 

The vessels engaged in this business are from 75 to 200 tons burthen. Those lately 
added to the sailing fleet, and which are now considered of the most suitable sizes, 
range from 130 to 160 tons. Vessels of this size carry from 40 to 50 men. The 
season of embarking for this voyage is from the 1st to the 15th of IMarch. The 
voyage seldom exceeds two months, and is often performed in two or throe weeks. 
Several vessels make two voyages in the season, and some perform the third voyage 
within the space of two months and a half. 

The seals frequenting the coast of Newfoundland are supposed to whelp their young 
in the montlis of January and February ; this they do upon pans iind fields of ice, on 
the coast, and to the northward of Labrador. This ice — or the ‘ whelping ice,’ as it is 
termed — from the currents and prevailing northerly and north-east winds, trends 
towards the east and north-east coast of Newfoundland, and is always to bo found on 
some part of the coast after the middle of March, before which time the seals are too 
young to be profitable. 

The young seal does not take to the water until it is three months old. They are 
often discovered in such numbers witliin a day’s sail of the port, that three or four 
days will sufiice to load a vessel with the pelts, which consist of the skin and fat at- 
tached, this being taken off while the animal is warm ; the carcass, being of no value, 
is left on the ice. The young seals are accompanied by the old ones, who take to 
the water on the approach of danger. When the ice is jammed, and there is no open 
water, large numbers of the old seals are shot. The young seals are easily captured ; 
they offer no resistance, and a slight stroke of a bat on the head readily despatches 
them. When the pelts are taken on boeurd, sufficient time is allowed for them to cool 
on dedk. They are then stowed away in bulk in the hold, and in this stage they reach 
the market of St. John’s and other ports in the island. Five-sevenths of the whole 
catch reach the St, John’s market. A thousand seals are considered as a remunerating 
number : but the majority of the vessels return with upwards of 3|000, many with 
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i/M and d,000, and aome ^th as man^ as 7,000, 8,000, and 9,000. Seals were 
fyrmnij sold by tale ; they are now all sold by weight— that is, so much per cwt. for 

and akin. 

The principal apeciea captured are the hood and harp seal. The bulk of the catch 
Qoaaiata of tne young hood and harp in nearly equal proportions. The best and most 
poduotiTe aeal taken is the young harp. There are generally four different qualities 
in a cargo of seals, namely — ^the young harp, young liood, old harp and bedlamer 
(the ^tter is the year>old hood), and the old hood. There is a difference of 2s, per 
cwt. in the value of each denomination. 

The first operation after landing and weighing is the skinning, or separating tlio 
fiat firoin the skin ; this is speedily done, for an expert skinner will skin from 300 to 
400 young pelts in a day. After being dry-salted in bulk for about a month, the 
skins are sufficiently cured for shipment, the chief market for them being Great 
Britain. The fat is then cut up, and put into the soal-vats. 

The seal-vat consists of what are termed the crib and pan. The crib is a strong 
wooden erection, from 20 to 30 feet square, and 20 to 25 feet in height. It is firmly 
secured with iron clamps, and the interstices between the upright posts are filled in 
with small round poles. It has a strong timber floor, capable of sustaining 300 or 
400 tons. The crib stands in a strong w'ooden pan, 3 or 4 feet larger than the square 
of the crib, so as to catch all the drippings. The pan is about 3 feet deep, and tightly 
caulked. A small quantity of water is kept on the Imttom of tlie pan, for the double 
purpose of saving the oil in case of a leak, and for purifying it from the blood and any 
other animal matter of superior gravit}’. The oil made by this process is all cold- 
drawn : no artificial heat is applied in any way, which accounts for the unpleasant 
smell of seal oil. When the vats begin to run, the oil drops from the crib upon the 
water in the pan ; and as it accumulates it is casked off, and ready for shipment. The 
first running, which is caused by compression from its own weight, begins about the 
10th of May, and will continue to yield what is termed pa/e seal oil, from two to t hree 
months, until from 60 to 70 per cent, of the quantity is drawn off, .according to the 
season, or in proportion to the quantity of old seal fat being put iuto the vats. From 
l)eing tougher, this is not acted upon by compression, ner does it yield its oil until 
deconq^ition takes place ; and hence it docs not, by this process, produce pale seal 
oil. The first drawings from the vats are much freer from smell than tlio latter. As 
decomposition tfikes place, the colour changes to straw, becoming every day, as the 
season advances, darker and darker, and stinking worse and worse, until it finally runs 
brown oil. As this running shickens, it then becomes necessary to turn over what 
remains in the vats. The crib being genenilly divided into nine apartments or pounds, 
this operation is performed by first emptying one of the pound.s, and dispersing tlie 
contents over the others, and then filling and emptying them alternately, until tins 
entire residue, by this time a complete mass of putrefaction, is turned over. By this 
process a further running of brown oil is obtained. The remains are then finally 
boiled out in large iron pots, which, during the whole season, are kept in pretty 
constant requisition for boiling out the cuttings and clippings of the skinning and 
other parts of the pelts, which it is not found advisable to put into the vats. TIk' 
pi^uce of this, and the remains of the vats, arc what is termed the ‘ boiled seal oil.’ 
Tliese operations occupy about six mouths, and UTminate towards the end (d’ 
SertambOT. 

Boring the months of July, August, and September, the smell and effluvia from tie- 
vats and boiling operation are almost insufferable. The healtljy situation of St. J olin'.s, 
firom its proximity to the sea and the high and frequent local winds, is doubtless the 
cause of joeventing much sickness at this season of the year. The men more imme- 
diateiy emjdoyed about the seal-vats have a healthy and vigorous ap])earance. 

Some improvement has taken place since the great fire of 184G, when all t he seal- 
vats in the town were destroyed. Many of the manufacturers have erected their new 
vats on the south or opposite side of the harbour; but there still remain sufficient 
VMt^gsf of the seal trade to cause a summer residence in the town of St. Jolin’s any- 
thing but desirable. Even the country for several miles around St. John's afibrds no 
ttam these horrible stenches. The animal remains from the vats, and t he 
ofibl from the cod-fish are found to be such a valuable manure, that they are readily 
puidiased the ffinuen in the neighbourhood ; and from whatever quarter the wind 
mows, the {Mestrian in his rural walk has little chance of breathing a genial atmo- 
sphere. 

Hr. 8. 0. Archibald directed his attention to some mode of improving the manufac- 
turs of the seal oiL The reeult of several ei^riments upon the different qualities of 
seaVs Iht catisfied him that the whole produce of the fisheiy, if taken while the 
VBitenal is ffwah, m It geaexallj arrives in the market, and subjected to a process of 
fStifidal hml, was capwle of yielding, not only a uniform quality of oil, but oU 
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SO produced was mncli better in quality than the best prepared by the old process, and 
free from the unpleasant smell common to all seal oil. His subsequent experiments 
resulted in the invention of a steam apparatus for rendering seal and other oils, 
which has been found to answer an admirable purpose, and for which he received 
lotters-patent under the Great Seal of the Island of Newfoundland. 

The advantage of this process must bo manifest, when it is understood that twelve 
hours suffice to render the oil, which by the old process requires about six months ; 
that a uniform quality of oil is produced superior to the best •pale by the old process, 
and free from smell ; that a considerable percentage is saved in the yield, and what 
is termed pale seal, produced from the old as well as from the young seal. Besides, 
if this process were universally adopted, the manufacturing season would cease by the 
31st of May, and the community would be saved from the annoyance attending the 
old process. 

Jhrrpoise Oil. — This oil very much resembles whale oil. 

Cod4ivcr Oil. — This oil is obtfiined principally from the livers of the common cod 
{CaUarias; Gadus Morrhua), previously called Asellus major, and also from some 
allied species, as the Dorse {Gadus callarias), the Coal Fish {Merlangus carhonarius), 
the Burbot {Lota vulgaru), the Ling {Lota 'nwlva), and the Torsk {Brosimtis vulgaris). 
The mode of preparing this oil varies in different countries ; that found in the 
London market is the produce of Newfoundland, where, according to Pennant, it 
is thus procured : — Some spruce boughs are pressed hard down into a half tub, having 
a hole through the lx)ttoni ; upon these the livers are placed, and the whole exposed 
to the sun. As the livers become decomposed the oil runs from them, and is caught 
in a vessel placed imder the tub. 

De Jongh describes three kinds of cod-liver oil : the pale, pale brown, and lyroum. 

Pale cod-liver Oil. — This is golden-yellow ; without disagreeable odour ; not bitter, 
but leaves a peculiar acrid, lishy taste in the mouth ; has ti slight acid reaction ; 
sp. gr. 0*923 at 63*5° Fahr. Cold alcohol dissolves from 2*5 to 2*7 per cent, of the oil; 
hot alcohol from 3*5 to 4*5 per cent. It is soluble in ether in all proportions. 

Vale brown cod-liver Oil. — Colour of Malaga wine ; odour not disagreeable ; bitterish, 
leaving an acrid, fishy taste in the throat ; reacts feebly as an acid ; sp. gr. 0*924 at 
63 '5° Fahr. A little more soluble in alcohol than the pale oil. 

Lark hrov:n cod-liver Oil. — This is dark brown, and by transmitted light is greenish ; 
it possesses a disagreeable odour, and a bitter and empyreumatic taste, which remains 
some time in the fauces ; it is slightly acid ; sp. gr. 0*929 at 63*5® Fahr. Still more 
soluble in alcohol than the pale brown oil. 

Cod-liver oil is principally used in medicine ; for a fuller description of it, see 
Pereira’s Materia Medica. 

Dugong Oil. — This oil has been used instead of cod-liver oil, principally in Australia; 
but as very little, if any, real Dugong oil has reached England, it will merely require 
a short notice here. The Dugong is an herbivorous animal, belonging to the order of 
l^irenia, and is found on the northern coast of Australia, in the Bed Sea, the Persian 
Gulf, and also in the Indian seas. It has receivcAl different names by different 
nations. In the Indian seas it is sometimes found of a large size, from 18 to 20 feet 
long; but in Australia it is seldom caught of more than 12 or 14 feet. In its general 
form it resembles the common whale. Its favourite haunts are the mouths of rivers 
and straits between proximate islands, where the depth of water is but trifling (3 or 
4 fathoms), and where, at the bottom, grows a luxuriant pasturage of submarine algae 
and fuci, on w'hich it feeds. The oil is obtained by skinning the animal and then 
boiling down the ‘speck.’ It w'as used by the natives of Australia originally for 
burning. 

Adtdteration of the Oils. — Owing to the large quantities of oil of various kinds 
which are now used, and their diflference in price, many are the adulterations which’ 
take place. Thus the best olive oil for the ttiblo is mixed with oils of less value, as 
poppy oil, sesame oil, or ground-nut oil ; and the .second olive oil, for the manufactures, 
with colza oil ; and again colza oil itself mixed with poppy, camelina, and linseed 
oils, but more frequently with whale oil, &c. Various means have been proposed to 
discover these admixtures. M. Lefebvro proposed to take advantage of the difference 
of density of the several oils, but tliis is a very insufficient test, as many of the oils 
have nearly the same density. 

M. Poutet treats the oil to be tested with one-twelfth of its weight of a solution of 
nitrate of mercury, containing hyponitric acid; this latter substance converts tho 
oleine of most of the non-drying oils into a solid substance, elaidinc. By this means 
pure olive oil will become perfectly solid after an hour or two, whereas poppy oil 
and the drying oils in general remain ptirfectly liquid; it would therefore result that 
olive oil aaultorated with these latter oils would be prevented from solidifying more 
or less» according to the quantity of these oils present. An improvement in tnia process 
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is to substitute nitric acid, saturated with hyponitric acid, for the nitrate-of-mercury 
solution. The sample to be tested is shaken with two or three per cent, of this acid, 
and then placed in a cool place, and the moment of solidification noticed. It is always 
better also to treat a sample of oil of known purity to the same test at the same time, 
and compare the results. If the sample tested be pure, it will solidify quite as quickly 
as the sample which servos for comparison. One hundredth of poppy oil present will 
delay the solidification 40 minutes ( Gerhardt), and of course the greater the quantity 
of admixture, the more will it be delayed. 

M. Maumfeno takes advantage of the greater amount of heat given out by the ad- 
mixture of concentrated sulphuric acid with the drying oils than takes place with 
olive oil under the same circumstances. MM. Heydenreich and Penot employ 
sulphuric acid also to detect the different oils, but they notice the peculiar colorations 
which take place on contact of the concentrated acid with the different kinds of oils. 
Their test is thus performed: — one drop of concentrated sulphuric acid is addijd 
to 8 or 10 drops of the oil, placed on a piece of white glass, resting on a sheet of 
whito paper ; different colorations appear, which they state are characteristic of the 
different oils ; thus olive oil gives a deep yellow tint, becoming greenish by degrees ; 
colza oil, a greenish blue ; poppy oil, a pale yellow tint, with a dirty grey outline ; 
hempseed oil, a very deep emerald tint; and linseed oil becomes brownish red, passing 
directly into blackish brown, &c. These reactions are, however, uncertain ; the age 
of the oil, mode of extraction, &c., altering them greatly, 

Marchand states that a mixture of poppy oil and olive oil, when thus treated, 
developes, after a certain time, on their outline, a series of colours, rose, lilac, then blue, 
and more or less violet -coloured, according to tho proportion of poppy oil, while pure 
olive oil becomes of a dirty grey, then yellow and brown. 

As the means of detecting the various fraudulent admixtures is of great commercial 
value, the late F. C. Calvert’s valuable paper on the adulteration of oils is referred to. 
— Pharmaceutical Journal^ xiii. 356. 

The accompanying table of reactions (see opposite page) will be found very useful. 

Of the more important oils we imported in tho years from 1868 to 1873 inclusive, 
as follows 




1668 

1669 

1870 

1871 

1872 

1873 

Fish oil • 

• tuns 

13,091 

15,264 

19,706 

24,679 

18,719 

15,069 

Palm oil 

. cwts. 

960,059 

814,520 

868,270 

1,047,882 

1,006,497 

1,017,947 

Cocoa-nut oil 

• n 

194,752 

264,365 

198,602 

190.492 

438,883 

266,798 

Olive oil • 

, tuns 

17,585 

28,240 

23,202 

88,281* 

24,025 

35,121 

Seed oil 

• »» 

23,292 

19,920 

13,429 

10,354 

20,084 

17,593 

Turpentine oil 

. cwts. 

108,897 

119,893 

89,178 

178,615 

220,292 

234,177 

1 


OXXit, VOXh&TXXia, BTBSRBOVS, OB BSBBKrTXAB. Tho volatile oils 
occur in every part of odoriferous plants, whoso aroma they diffuse by their exhala- 
tion ; but in different organs of different species. Certain plants, such as thyme and 
the scented Lahiatce in general, contain volatile oil in all tlieir parts ; but others con- 
tain it only in the blossoms, the seeds, the leaves, the root, or the bark. It sonio- 
times happens that different parts of the same plant contain different oils ; tho 
orange, for example, furnishes three different oils, one of which resides in tho fiowers, 
another in the leaves, and a third in the skin or epidermis of tho fruit. The quantity 
of oil varies not only with the species, but also in the same plant with tho soil, and 
especially with the climate ; thus, in hot countries it is generated most profusely. 
In several phints tho volatile oil is contained in peculiar orders of vessels, which 
confine it so closely that it does not escape in tho drying, nor is dissipated by 
keeping tho plants for many years. In other species, and particularly in flowers, 
it is formed continually upon their surface, and flies off at tho moment of its for- 
mation. 

Volatile oils are usually obtained by distillation. For this purpose the plant is 
introduced into a still, water is poured upon it, and, heat being applied, the oil is 
volatilised by the aid of the watery vapour at the temperature ot 212^, though when 
alone it would probably not distil over unless the heat were 100° more. 

There are a few essential oils which may bo obtained by expression ffrom tho sub* 
stances which contain them ; such as the oils of lemons and bergamot, found in the 
pellicle of the ]^e fruits of the Citrus lunonum and C, bergamiOt or the lemon and 
the bergamot. The oil comes out in tliis case, with the juice of tho peel, and oollectd 
upon its surface* 
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1*01* coUecUag the <nls t>f odoriferous flowers which have no peculiar organs for 
impriaouing them, and therefore speedily let them exhale, such as violets, jasmine, 
tuberose, and hjadnth, another process must bo resorted to. See Perfumfby. 

Essential oils differ much from each other in their physical properties. Most of 
them are yeUov, oUiers are colourless, red or brown ; some again are green, and a 
few are blue. They have a powerful smell, more or less agreeable, which immediately 
after their distillation is occasionally a little rank, but becomes loss so bj- keeping. 
The odour is seldom as pleasant as that of the recent plant. Their taste is acrid, 
irritating, and heating, or merely aromatic when they are largely diluted with watc^r 
or other substances. They are not greasy to the touch, like the fat oils, but, on the 
contrary, make the skin feel rough. They arc almost all lighter than water, only a 
verv few falling to the bottom of this liquid ; their specific gravity lies between 0 84 7 
and 1*096 ; the first number denoting the density of oil of citron, and the second 
that of oil of sassaftas. Although stjded voLatilc oils, the tension of their vapour, as 
well as its specific heat, is much less than that of water. The boiling-point differs in 
different kinds, but it is usually about 316° or 320° Fahr. Their vapours sometimes 
render reddened litmus-paper blue, although they contain no ammonia. When dis- 
tilled by themselves, the volatile oils are partially decomposed ; and the gas(*oiis 
product of the portion decomposed alw'ays carry off a little of the oil. When tlu y 
are mixed with claj^ or sand, and exposed to a distilling he^it, they are in a grcjit 
measure decomposed; or when they are passed in vapour through a red-hot tube, 
combustible gases are obtained, and a brilliant porous charcoal is dcjwsitcd in tlic 
tube. On the other hand, they distil readily with water, because the aqueous v.ijiour 
formed at the surface of the boiling fluid carries along with it the vapour of tlu* f>il 
produced in virtue of the tension which it possesses at the 212th degree Fahr. In tlie 
open air the volatile oils burn with a shining flame, which deposits a great deal of 
soot The congealing-point of the essential oils varies greatly ; some do not solidify 
till cooled below 32°, others at this point, and some are concrete at the ordinary 
temperature of the atmosphere. 

When exposed to the air the volatile oils change their colour, become darker, and 
gradually absorb oxygen. This absorption commences whenevcT they are extractiMl 
from the plant contfiining them ; it is at first considerable, and dimiiiisho.^ in rapidity 
as it goes on. Light contributes powerfully to this action, during which the oil dist^n- 
gages a little carbonic acid, but much less than the oxygen absorl>cd ; no water is formed. 
The oil turns gradually thicker, loses its smell, and is transformed into a resin, which 
becomes eventually hard. I)e Saussure found that oil of lavender, recently di.stilled, 
had absorbed, in four winter mouths, and at a temperature below 64° Falir*, 62 times its 
volume of oxygen, and had disengaged twice its volume of carl)onic acid gas ; nor was 
it yet completely saturated with oxygen. The stearoscence of anis(‘-.soed oil absorbed at 
its liquefying temperature, in the space of 2 years. 166 times its volnnu* of oxygen gas, 
Mid disengaged 26 times its volume of carbonic acid gas. An (al wliich has begun to 
expmence such an oxidisement is composed of a rc.sin dis.soh*e(l in the unaltered oil ; 
and the oil may be separated by distilling the solution along wiili water. To preserve 
oils in an unchanged state, they must be put in pliials, filled to tlie loj), closed with 
giound-glass stopples, and placed in the dark. 

Volatile oils are little soluble in water, yet enough so as to impart to it by agitation 
their characteristic smell and taste. 

They are soluble in alcohol, and the more so the stronger tin; spirit is. Some 
volatile oils, devoid of oxygen, sucli as the oils of turpentine and citron, are very 
Sparingly soluble in dilute alcohol ; while the oils of lavender, pep]>er, Szc. are coii- 
adammy so. Such combinations form the odoriferous spirits which the perfumer.^ 
inocmetly call waters, as lavender water, eau de Cologne, can dt jasmin, &e. Tin y 
become turbid by admixture of water, which seizes the alcohol, and separates tho 
volatile oils. Ether also dissolves all the essential oils. 

^^ees mis combine with several vegetable acids, such as the acetic, the oxalic, the 
imseime, the &t acids (stearic, margaric, oleic), the camphoric, and suberic. 

Wth the exception of the oil of cloves, the volatile oils do not combine with the 
StliiiabU bases. Thjy have been partially combined with ciustic alkali, as in tho case 
of Starkey’s soap. This is prepared by triturating recently-fused caustic soda in a 
moftarv with a little oil of turpentine, added drop by drop, till the mixture has 
aeqidmd the consistence of soap. The compound is to be dissolved in spirits of wine, 
filter^ and distilled. What remains after the spirit is draw'n off, consists of sckIu 
combined with a seem formed in the oil during the act of trituration. 

The es s e nti al oils dissolve all the fat oils, the resins, and the animal fats. 

In oontmerce, these oils are often adulterated w ith fat oils, resins, or balsam of capivi 
diMolved in volatile oil. This ftaud may be detected by putting a i-op of tho oil on 
flptt iad exporing it to heat A pure essential oil evaporates witl^out leaving any 
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residuum, whilst an oil mixed with any of the above substancos leaves a translucent 
stain upon the paper. If fat oil be present, it will remain undissolvcd, on mixing the 
adulterated essential oil with thrice its volume of spirit of wine of specific gravity 
(1’840. Kcsinous matter mixed with volatile oil is easily detected, being left in the 
alembic after distillation. Oil diluted with spirit of wine forms a milky emulsion on 
the addition of water ; the alcohol is absorbed by the water, and the oil afterwards 
found on the surface, in a graduated glass tube, will show by its quantity the amount 
of the adulteration. 

OU of hitter almonds is prepared by exposing the bitter-almond cake, from w’hich 
he bland oil has been expressed, in a sieve to the vapour of water rising within the 
still. The steam, as it passes up through the bruised almond ‘parenchyma, carries off 
its volatile oil, and condenses along with it in the worm. The oil which first comes 
over, and which falls to the bottom of the water, has so pungent and penetrating a 
smell, that it is more like cyanogen gas than hydrocyanic or prussic acid. This oil has 
a golden yellow colour ; it is heavier than water; when much diluted, it has an 
agreeable smell, and a bitter burning taste. When exposed to the air, it al)Sorbs 
oxygen, and lets fall a heap of crystals of benzoic acid. Perfumers formerly employed 
a great quantity of this oil in scenting their soaps. Put nitro-benzole is now used, 
instead of the essential oil of bitter almonds, in flavouring. 8eo Penzoi.e ; Nitko- 
Penzole. a similar oil is obtained by distilling the following substances with water : 
— the leaves of the peach {Amygdalus Pcrsica), the leaves of the bay-laurel {Primus 
lauro-ccrasxis'), and the bruised kerntds of cherry- and plum-stones. All these oils 
contain hydrocyanic acid, which renders tlnmi poisonous, and they also gencr;ite 
benzoic acid, by absorbing oxygen on exposure to air. 

Oil of anise-seed is extracted by distillation from the ‘seeds ’ of the Phnpmella anisuni, 

Oil of bergamot is extracted by pressure from the rind of the ripe fruit of the Oilrus 
hergamia. 

OU of cajeput is prepared in the Moluccas, by distilling the dry leaves of the 
Mclaleiwa cajepuii. Cajeput is a native word, signifying merely a white tree. This oil 
is green ; it has a burning taste, a strong smell of camphor, turpentine, and savinc. 

The oil of caraway is extracted from the seeds (cremocarps) of the Carum carui. 

The oU of cassia, from tlm Cinnamomnm cassia, is yellow passing into brown. 

The oil of chamomile is extracted by distillation from the flowers of the Anthemis 
nohilis. It has a blue colour wdien quite fresh, but becomes yellow by exposure ; it 
possesses the peculiar smell of the plant. 

Oil of cinnamon is extracted by distillation from the bark of the Lannis cinnamomum. 
It is produced chiefly in Ceylon from the pieces of bark unfit for exportation. It is 
distill^ over with difficulty, and the process is promoted by the addition of salt water, 
and the use of a low still. 

The oU of cloves is extracted from the dried flower-huds of the Caryophyllus aroma- 
ticus. It is colourles.s, or yellow'ish, has a strong smell of the cloves, and a burning 
tfiste. It is one of the least volatile oils. 

The oil of elder is extracted by distillation from the flowers of the Sambueus nigra. 

Oil of fennel is extracted by distilLation from the seeds of the Ancihum Focniculnm. 

Oil of juniper is obtained by distilling juniper berries along with water. These 
should bo bruised, because their oil is conUdnod in small sacs or reservoirs, which 
must bo laid open before the oil can escape. It is limpid and colourless, or sometimes 
of a faint greenish yellow colour. 

The oU of lavender is extracted from the flowering spike of the Lavandula vera. 

Oil of lemons is extracted by pressure from the yellow peel of the fruit of ihe 
lemon or Citrus limonum. 

Tlie oU of mace lets fall, after a certain time, a concrete oil under the form of a 
crystalline crust, called by John myristicinc. 

The oU of nutmegs extracted chiefly from mace, which is the inner epidermis of 
these nuts. 

The oil of orange-flowers, called ncroli, is extracted from the fresh flowers of the 
Citrus aurantium. When recently prepared it is yellow ; but when exposed for two 
hours to the rays of the sun, or for ii longer time to diffuse daylight, it becomes of a 
yellowish-red. It is very fluid, lighter than w'u-cr, and has a most agreeable smell. The 
at]ueous solution, known under the name of orange-flower water, is used as a perfume. 

The oil of parsley is extracted from the Apitim Petroeelinumi 

The oil tf pepper is extracted from the Piper nigrum^ 

The oil of peppermint is extracted from the Mentha piperita, ^ 

The oil of ‘pimento is extracted from the envelopes of the fruit of the 
pimenta, which afford 8 per cent* of it. 

The oil of rhodium is extracted the wood of the Convolmlus teopariue^ 
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7%€ 0 U of ram, tailed the attar or otto, is extracted from the petals of the Rosa 
cm^alia and S, sempervirens. 

7m ail qf rosemary is extracted from the Rosmarinus officinalis. 

The aU qfeeffiron is extracted from the stigmata of the Croctis sativus. It is narcotic. 
The oil of etamfrajs is extracted from the woody root of the Lauras sassaj'ras. 

Oil of eaetne SB extracted from the leaves of the Juniperus sabina. 

OH if thffme is obtained from the Thymus vulgaris. 

Oil if wormwood is distilled from the Artemisia absinthium, 
turpentim. See Turpektine. 

flllb BTOM Bi A peculiar slate-stone found in Turkey and elsewhere, which 
forms a better whetstone than any other substance. The finest are found in tlie 
interior of Asia Minor, and being imported, are known ns Turkey hones or oil-stones. 

O&H MMP MJLtnBTOWS, A geological formntiou so called ; named by Sedg- 
wick and Murchison, Devonian, as ]X)rtions of the system are peculiarly developed in 
Deronshire. See Sandstoxb. 

OftPAnUI are saline compounds of oleic acid with the bases. 

OUnPUJrT OAS is the name originally given to bi-carburetted hydrogen. See 

ClBBCBinSD Htdbooxk. 

O&BIC AOXDi A neutral oil, obtained by sa}X)nifying mutton-fat with potash, 
and decomposing the soap with sulphuric acid. The fat acids are dissolved in hot 
alcohol ; the solution on cooling is expressed, and the operation frequently repcat(;d. 
Oleic acid is insoluble in water, but soluble in alcohol and ether. Its formula appears 

to be C~H»0*,H0 (0****W). 

OUUMIf or lApgle. Obtained by boiling tallow in alcohol. It is regarded as an 
oleaU qf tmde of glycmflt. It constitutes the more fluid portion of oils. 

OSJlOPPAJMIIa lue name given to a picture printed in oils. It is prepared by 
a process o f block - printing. 

OliTBUWPlK 16 a gum-resin, used only ns incense in Homan Catholic churches. 

OUnr POHi, See Oils. 

0m0014l| or VICO&O. A variety of onyx having a ground of deep brown, in 
whidi Is a band of bluish-white. It is used for cam(?os, and differs from the ordinary 
onyx in a certain blending of the two colours. — H. W. B. 

imx* A mineral belonging to the chalcedonic variety of quartz. It resembles 
agate, excepting that the colours are arranged in flat horizontal planes. When the 
layers consist of sard and wliite chalcedony, the stone is called sardonyx. 

These stones were formerly more prized than they are at present, and were fre- 
quently cut in cameo and intaglio. 

OOUn. (Oolith, Ger. From w6v, an egg, and \i6os, a stone.) A geological 
term. Those varieties of limestone which arc composed of an aggregation of small 
spherical concretions resembling in appearance the roe of a fish, and bound together 
by a calcareous cement. When first quarried they are generally soft, but liarden by 
expMore to the air and the evaporation of the water. 

particles are generally formed of concentric layers of carbonate of lime arranged 
routid a grain of sand, a fragment of shell, or some organic substance, forming the 
nucleus around which the calcareous matter has been deposited. 

The name Roestone, from the fanciful resemblance of these oolitic concretions to 
the roe of a fish, has likewise been given to this kind of limestone W'hcn the grains 
are of small sizes ; when of comparatively large dimensions, as in some beds of 
Inferior Oolite in the neighbourhood of Cheltenham, they are distinguished by the 
name of Peastone or Pisolite (from wiaou, a pea, and stone). 

In geological nomenclature, the term Oolite has a more extended signification, and 
is ap|died indiscriminately to the entire accumulation of strata consisting of limestones, 
mai^ elays, and sands, intervening between the Trias or New Red and the Wealden 
figrmatioiis, in consequence of the limestones of those deposits frequently possessing 
an oolitie structure. Of these, Portland stone, Coral Rag, Bath or Great Oolite, and 
Inferior Oolite are the most in^rtant in an economical point of view, owing to their 
fine descriptions of freestone, suitable for building and ornamental purposes, 
both from their tints, which are either white or cream coloured, and the largo blocks 
in which thet can be obtained. 

The WelldcnoWB white freestone obtained from Caen in Normandy is an Oolitic 
beboging to the Bath or Great Oolite formation. 

Ahhengh the oolite formations constitute the chief repositories of limestones 
pfissiimlng an oolitie stmetnre, they are not confined to those groups of strata, but are 
mm wl!& in other formations, as for instance in some bods of carboniferous or 
moontita limestone in the neighbourhood of Bristol, as Ml as very laigely in that 
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OO&ZTZO XiZMSSTOm. Limestones of the Oolitic series of rocks, such as 
Bath stone, Portland stone, and Caen stone. See Limestone. 

COST, or OAST. The provincial name of the stove in which picked hops are dried. 
OP All, An ornamental stone. The following are the more important varieties of 
the opal : — The prccimis (ypal^ exliibiting a play of rich colours. Fire opal or giraaolt 
with hyacinth-red and yellow reflections. Common opal^ semi’opal ; non-opalescent 
varieties. Hydrophone ; non-transparent, but becoming so by immersion in water. 
Cacholong ; nearly opaque, of a bluish-white colour. Hyalite ; colourless, pellucid, or 
white. Opal jasper, wood opal ; and several others. All these are composed of 
silica in the gelatinising or colloidal state, with more or less water, and occasionally, 
as accidental admixtures, other bodies in small proportions. By analyses the following 
results have been obtained as regards the silica ; — The precious opal of Hungary 
contains 92 per cent, of silica; the fire opal of Mexico, 92; the fire opal of Faroe, 
8873; semi-opal of Hanau, 8275; semi-opal of Kaschau, 92-16 ; and the cacholong 
of Faroe, 95*82. 

Opal may bo regarded as an uncleavablc quartz. Its fracture, conchoidal ; lustre, 
vitreous or resinous ; colours, white, yellow, red, brown, green, grey ; lively play of 
light. Hardness, 5-5 to 6*5 ; specific gravity, 2-091. It occurs in small kidney-shaped 
and stalactitic shapes, and large tuberose concretions. The phenomena of the play 
of colours in precious opal have not been satisfactorily explained. Haiiy attributes 
the play of colours to the fissures of the interior being filled with films of air, agreeably 
with the law of Newton’s coloured rings. Mohs, however, thinks this would produce 
iridescence merely. Brewster concludes that it is owing to fissures and cracks in the 
interior of the mass of a uniform shape. 

The precious opal stands high in estimation, and is considered one of the most 
valuable gems, the size and beauty of the stone and the variety of the colours 
determining its value. The so-called ‘ mountain of light,’ an Hungarian opal in the 
Groat Inhibition of 1851, weighed 526^ carats, and -was estimated at 4,0001. sterling. 

In Vienna is a precious opal weighing 17 oz. ; audit is said a jeweller of Amsterdam 
offered half a million of florins for it, which w*as refused. 

Hydrophone, or Ocidis mundi, is a variety of opal without transparency, but acquiring 
it when immersed in water, or in any transparent fluid. 

Hungary has long been the chief locality of precious opal, where it occurs near 
Kaschau, along with common and semi-opal, in a' kind of porphyry. Fine varieties 
have, however, been discovered in the Faroe Islands ; and most beautiful ones, some- 
times quite transparent, near Gracios-a-l)ios, in the province of Honduras, America. 
Precious opal has also been recently found in Queensland, and to a less extent in New 
iSouth Wales. The red and yellow bright coloured varieties of fire opal are found 
near Zimapan, in Mexico. In modern times, fine opals of moderate bulk have been 
frequently sold at the price of diamonds of equal size ; the Turks being particularly 
fond of them. The estimation in which opal was hehl by the ancients is hardly 
credible. Nonius, the Homan senator, preferred banishment to parting with his 
favourite opal, which was coveted by Mark Antony. Opal which appears quite red 
when held against the light, is called girasol by the French ; a name also given to 
the sapphire, or corundum asteria, or star-stone. 

OPiar-CA8T. A miner's term, signifying that the mineral is obtained by open 
workings, and not by mining. 

OPXXAMnSTljK is the name given to an apparatus invented by Samuel Walker, 
of Leeds. It consi.sts of a tr;iin of toothed wheels and pinions enclosed in a box, 
having indexes attached to the central arbor, like the hands of a clock, and a dial- 
plate ; whereby the number of rotations of a shaft projecting from the posterior pirt 
of the box is shown. If this shaft be connected by any convenient means to the 
working parts of a gig-mill, shearing-frame, or any other machinery of that kind for 
dressing cloths, the number of rotations made by the operating-machine will be ex- 
hibited by the indexes upon the dial- plate of this apparatus. 

A similar clock-work mechanism, ciilled a counter, has been for a great many years 
employed in the cotton-factories, and in the pumping-engines of the Cornish and 
other mines, to indicate the number of revolutiou.s of the main-shaft of the mill, or of 
the strokes of the piston. A common pendulum, or spring-clock, is commonly set up 
alongside of the counter; and sometimes the indexes of both are regulated to go 
together. 

OPZVM is the juice which exudes from incisions made in the heads of ripe poppies 
(Papaver somnifertm). rendered concrete by exposure to the air. The best opium 
which is found in the European markets comes from Asia Minor and Egypt; what is 
imported from India is reckoned inferior in quality. This is the most valuable of all 
the vegetable products of the gum-resin family, and very remarkable for the com- 
plexity of its (memical composition. 
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nttMlMriogliat oontaiiui most of tli© varieties of opium known in commerce - 

IhnTnis opium, from Turkey or Indian opium. Benares, Malwa, 

tne Levant* and Patna, 

Co&stuitinople opium. English opium, 

l^gy^an c^ium. Eronch and German opium. 

Tvebutoiid opium, Persian opium. 

See Watta'e * Dktionarj of Chemistrj .* 

Our €k>xi8ul in China, reporting on the opium trade, sa^'s that the use and ahuso of 
opium are much exaggerated. Taking the total import into C-hina at 12,800,000 lOs. 
in the year, what is that for a population numbering about 400,000,000 ? He t^tjiies 
that the use of opium is confined to narrow'cr limits than is generally supposed ; and 
excess in its consumption is the exception, not the ruli*. To confirmed smokers it 
be^mes a necessity of existence ; by others it is r(‘garded as a luxury. Mr. Iluglnis, 
British Consul at Hankow, gives the Chinese credit for a growiiig preference of the 
native opium on account of its mildness, which makes it easier to give up its use tempo- 
rarily, or abandon it altogether, without serious effect upon the health. He says llie 
production of native opium is very considerable ; and his colleague, M. Blancheton, 
after a visit to Szeehuen, estimates the nett value of all the opium grown in that pro- 
vince at about 35,000,000 taels sycee (the Hankow tael averages a fraction over G.s.'); 
but the figures are given as * anjiJiing but ccrtiiin.’ Mr. Morgan, Consul at Tient-sin. 
thinks there are some grounds for anticipating that the prohibitory edict will 
be executed more eflicienUy than others which have preceded it ; and Acting-Consul 
Harvejr, at Newchwang, reports that in that province the action of the authorities in 
enforcing the prohibition of the growth of opium has lessened the production, and 
raised the price nearly to that of foreign opium. 

WOBAUMLM is the balsiim of Peru in a dr\’ state. See Hai.sam of Pkrv. 

OMPOWA3K. This is a gum-resin ; the dried milky juice Mbich exudes by in- 
cision from the root of the parsnip-like plant 0/toponax Chironium ; this plant, is 
found abundantly growing wild in Macedonia and Sicily. 

The gum was formerly used in medicine. Referring to the plant, Bioscoridts 
names it Panax Herculenm. from Hercules, who was supposed to have discovered it 
In his time it was one of the three celebrated panacwi or universJil medicines ; at a 
later period it was not administered internally, but w'as in general use in the form 
of an ointment for the cure of wounds. So recently as fifty years ago it was om- 
of the standard drugs of the apothecary, but then chiefly employed in the form of 
a plaster. 

09VS AlfMAinWIPlK. A mosaic pavement, consisting of geometric figure s 
in black and red tessene on a white ground. 

OXAVAB. A well-known fruit. See Citrus. 

< >B A B ‘ll>B«CBBOa CB t A subchromate of lead ; a fine orange-coloured pigment, 
which is very durable. See Chromates of Lead. 

PBABBB-DTB is given by a mixture of red f»r j ellow' dyes in various jin^por- 
tions. Amotto alone dyes orange ; but it is a fugitive colour. 

IMKOBBliliA WXBBB* The cylindrical and fiat species of RocccUa used in the 
mannfiictiire of Orchil or Archil, and Cudbear^ are so called by the makers. 

The following list of orchella weeds is given by Pereira 

Afigola orchella, Roccella fucifor^ Lima orchella, largo and round, R. 
niie, tineforia. 

MadsfaBCU orchella, R, fuciformis. Lima orchella, small and flat, R. 

Manntans orchella. fuciformis. 

Canm orchellA, R. tinctoria. Capo of Good Hojio orchella, R. 

Cape oe V«rd oi^ella, R. tinctoria. nypmnccha. 

Aim orehella, R. Hnetoria. ^ Barbary orchella, R. tinctoria. 

Hmdbixft orehella, R. tinctoria and Corsican and Sardinian orchella, 

B^fintfermie* R. tinctoria. 

Be, Bmim Harman Visger, of Bristol, informs me ihtii every lichen 

bit tbi beA otcaella weed is gone, or rapidly going, out of use ; not from dete- 
ol tiuir quality, for, l^ing allowed to grow, they are finer tliau ever, but 
beetiao tba Ajlgola weed is so superior in quality, and so low priced and ubun- 
daiit» that Iha product of a very few other lichens would pay the exx>ense of maiiu- 

lite *Pldloia|ihical Transactions* for 1848, Br. Stenhouse has a valuable paper 
aa lha oolomtag-niatters of the lichens. From it we extmet his directions for 
jjrtmitiMg thi ooloiii!iiig*iiiatter in lidiens by means of a solution of hypochlorite 
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Any convenient quantity of the orchella weed may Le cut into very small pieces, 
and then macerated with milk of lime, till the colouring-matter is extracted. Throe 
or four macerations are quite sufficient for this purpose, if the lichen has been suffi- 
ciently comminuted. The clear liquors should be filtered and mixed together. A 
solution of bleaching-powdor of known strength should then bo poured into the lime 
solution from a graduated alkalimeter. The moment the bleaching-liquor comes in 
contact with the lime solution of the lichen, a blood-red colour is produced, which 
disapj^rs in a minute or two, and the liquid has onl}" a deep yellow colour. A new 
quantity of the bloaching-liquid should then be poured into the lime solution, and the 
mixture carefully stirred. This operation should be repeated so long as the addition 
of the hypochlorite of lime causes the production of the red colour, for this shows that 
the lime solution still contoins unoxidised colorific principle. Towards the end of the 
process, the bleaching-solution should be added by only a few drops at a time, the; 
mixture being carefully stirred between each addition. Wo have only to note how 
many measures of the bleaching-liquid have been required to destroy the colouring- 
matter in the solution, to determine the amount of the colorific principle it contained. 
Dr. Stenhouse suggests the following method for extracting the colorific principle for 
transport : — Cut the lichens into small pieces, macerate them in wooden vats with 
milk of lime, and saturate the solution with either muriatic or acetic acid. The gela- 
tinous principle is then to be collected on cloths and dried by a gentle heat. In this 
way the whole of the heat can be easily extracted, and the dried extract transported 
from the most distant l(X‘alities. See Akchil ; Lichens. 

ORCBZXi. See Auchil. 

OBCZXSr is the name of the colouring-principle of several of the lichens. The 
lichen dried and pulverised is to be exhausted by boiling alcohol. The solution 
filtered hot lets fill, in the cooling, crystalline flocks, which do not belong to the 
colouring-matter. The supernatant alcohol is to bo distilled off, the residuum is to 
be evaporated to the consistence of an extract, and triturated with water till tJiis 
liquid will dissolve no more. The aqueous solution, reduced to the consistence of 
syrup, and left to itself in a cool place, lets fall, nt the end of a few days, long brown 
brittle needles, which are to bo freed by pressure from the mother-water, and dried. 
That water being trtvitod with animal charcoal, filtered and evaporated, will yield a 
second crop of crystals. These are orcin. See Lichen ; Litmus. See also Watts's 
‘ Dictionary of Chemistry.’ 

OBBSAL BSAir. The Calabar bean ; the seeds of Thysosiigma venatvm, Lalf. 

OB2. The natural chemical compound of a metal with some other element, such 
as oxygen, sulphur, arsenic, &e. These elements have been sometimes termed 
mini raliscrs; and when metals are found free from them they are called natm moUils, 
and not ores. 

OBBZBB is the name given by MM. Meurior and Valient, of Paris, to an alloy 
which has a golden brilliancy. It is composed of copper 100, zinc 17, magnesia 0, 
sal-ammoniac 3’6, quicklime 1’80, and tartar of commerce 9. 

The copper is first melted, and then the other things are added by small portions at 
a time, skimming, and keeping in fusion for about half an hour. 

The oroide, which is a brass, has a fine, grain, is malleable, takes a most brilliant 
polish, and, if it tarnishes, its lustre is restored by acidulated 'water. 

OBEI^ZiZir. A ycllo-w^ colouring- matter contained in arnatto. It is soluble in 
water, in alcohol, and eth(‘r. It dyes aluraed goovls yellow. 

OBBS, BBESSIBG OF. 8eo Dressing of Ores. 

OBXCBA3LClJM[. An old alloy, called also false silvn'. 

OBZBirTAE EMZtBAEO. The name given to green sapphire. 

OBlZUBTAZi TOPAZ. The name given to yellow sapphire. 

OB^MOZV. A brass, in which there is less zinc and more copper tJian in the 
oixlinaiy brass ; the object being to obtain a nearer imitation of gold than ordinary 
br.iss affiirds. In many of its applications the colour is heightened by means ot a 
gold laoouer, but in some cases, and, us wo think, with very great advantage, the true 
colour of the alloy is preserved after it has been properly developed by means of dilute 
sulphuric acid. 

OBPXMBBT (Eng. and Fr. ; Operment, liaiischgelh, Ger. ; Yellow sulphide of ar- 
senic) is found native in many parts of the 'world, as in Hungarjr, Turkey, China, &c. ; 
the finest specimens being brought from Persia, in brilliant yellow masses, of a lamellar 
texture, called ‘ golden orpiment.’ 

Native orpiment is the auripig 7 netitu 7 n<, ot paint of gold ^ of the ancients. It 'was so 
called in allusion to its use and its colour, and also because if was supposed to con- 
tain gold. From this term the common name of ‘ orpiTtientf or ‘ gold painty has beexi 
derived. 

In nature it is found most generally in amorphous masses of a bright yellow colour, 
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but KUnetimef in oystaUi, which are oblique rhombic prisms; these crystals are 
fldnibldt of a yellow colour, and possess a brilliant lustre. See Absbmic. 

Na^Te orpimeot has a specific gravity of about 3*48. Orpimont is also prepared 
arUflcially, chiefly in Saxony, by subliming in cast-iron cucurbits, surmounted by 
conical cast-iron capitals, a mixture in duo propf)rtions of sulphur and arsenious acid. 
As thus obtained, it is in yellow compact opaque masses, of a glassy aspect ; yielding 
a powder of a pale yellow colour. 

A rti fl cial orpiment seems to be a eiibstance of uncertain composition, it containing 
BOmetimef, according to Gui^urt, 94 per cent, of arsenious acid, and only 6 per cent, 
of the texsnlphide of arsenic. On this account it is much more soluble in water than 
tbs natiye orpiment, and consequently a much more powerful poison. It has been 
administered several times with criminal intentions, and in many of the cases proved 
&tal. Orpiment is the colouring-matter of the pigment called king’s yellow, which 
is a mixture of arsenious acid with a little tersulphide of arsenic, just us the sample 
analysed by Guibourt. See Kino’s Ykllotv. 

A proper tersulphide of arsenic maybe obtsiinod by jmssing a stream of sulphuretted 
hydrogen gas through a solution of arsenious acid in hydrochloric acid. It falls as 
a brilBant yellow amorphous powder. 

Tersulphide of arsenic is insoluble in water and dilute acids, but is decomposed 
by nitric acid and aqua regia. It fuses easily, and when heated in air burns with 
a pale blue flame, generating arsenious and sulphurous acids. In close vessels it 
sublimes unchanged. It is dissolved by ammonia, and tlio caustic fixed alkalis 
forming colourless solutions, from which it is again precipit ated by the addition of 
an acid. The alkaline sulphides also dissolve it, forming double salts, from which 
solutions it is precipitated even more completely than from the former, by the addi- 
tion of an acid. 

According to Dr. Paris, Delcroix’s depilatory, called poudre subtile^ consists of 
quicklime, orpiment, and some vegetable powder. 

Orpiment is used by pjTotechnists, and as a pigment : the best kinds of native orpi- 
ment being reserved for artists. 

OBMlWiMOOT. The dried rhizomes of several species of Iris, 

OmnOCUSB. See Felspab. 

OBXBB* Salix. The Willow-Tree. About 300 species of these plants have been 
described. The common uhite willow is a native of Great Britain and many parts of 
Europe, and is extensively cultivated. The wood is soft, and is employed in making 
various small articles. The charcoal prepared from it is considered superior to any 
other for the manufacture of gunpowder. The bark is vt^ry bitter, and from it a 
bitter principle, salicine^ is obtained, which has been used with some advantage as 
a substitute for quinine, and it is sometimes used for adulterating that drug, See 
Salict nb. 

OBBBXUM is one of the rare meUils, most generally found in the ores of platinum, 
in which it was discovered by Mr. Tennant in 1803. These ores generally contain 
the metals palladium, rhodium, osmium, ruthenium, and iridium, mixed with the 
platinum. 

The process for obtaining osmium from these ores has been much simplified by 
H.Fr4my. After the exhaustion of the ores by aqua regia there remains a residue, 
which o^n contains titaniferous iron and chrome iron ; but the most important con- 
stituent is an alloy existing in flat plates or scales, of a white colour and metallic 
lustre, and which was formerly thought to contain only osmium and iridium, but later 
experiments have proved the presence of ruthenium, and a little rhodium. Freiny 
takes advantage of the oxidability of osmium and of the volatility of its peroxide. 
His process consists in roasting the alloy in a current of dry air ; for this purpo.^e 
the residue above mentioned is placed in a jxircelain or platinum tube, and heated to 
redssos. 

Tile equivalent of osmium is 99*6 ; and its symbol, Os. 

Five eompcmiids of osmium and oxygen exist, viz. : — Protoxide^ OsO ; it is a dark 
green povdtf, slowly soluble in acids. Sesquioxide, never been obtained 

pure ; it is formed by heating a solution of osmate of ammonia, when a brown powder 
nUs, iHhieli is this compound mixed with some ammonia, which explodes feebly when 
heated* JBmonief OsO*, is a black powder, insoluble in acids, and burning to o.smic 
arid when heatid in the air. Omiaus acidi OsO’ ; this onW exists in combination ; 
it forsM a roae-red crystalline powder with potassa (K0,080*,2H0) ; this suit is ob- 
tained by addisf aleriml to a sefutioii of osmate of potassa ; the osmic acid is reduced 
by iha nloodml, md thk salt is precipitated ; on attempting to s^arate this acid, 
deeempo^ into blaoxide and osmic arid. Osmic acid, OsO* ; the pre^uira- 
tm of thk compoaiid has nlxnady been described ; it melts, and even boils, Mow 
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212®: iti vapour is irritating and deleterious, and has a peculiarly offensive odour, 
hence the name of the metal from offfiii, an odour. Three combinations of osmium 
and chlorine are known ; protockloride, OsCl ; sesquichloridef Os*Cl* (this only 
exists in solution) ; and hicfdoride^ OsCl® (this exists only in a double salt, with 
chloride of potassium, OsCl* + KCl). Osmium combines also with phosphorus and 
sulphur. 

081iatZinMI"XRX]>X1JM« or Iridoamine. This alloy is found with platinum in 
the province of Choco, in South America, and in the Ural Mountains. It was 
first discovered bpr Mr. Smithson Tennant in the black scales which remain when 
native platinum is dissolved in aqua regia. It is rather abundant with the alluvial 
gold of California, occurring in small bright lead-coloured scales, sometimes six-sided 
(Dana), It has been recently found in Gippsland, Victoria. 

The following analysis of this alloy is by Berzelius : — Iridium 46‘77» osmium 49‘35, 
iron 0*74, rhodium 3*1 5. See Iridium. 

08M08X FOXCX. See Exosmose and Endosmose. 

OSTBOCOXiXtA. The glue obtained from bones, by removing the earthy phos- 
phates with muriatic acid, and dissolving the cartilaginous residuum in water, at a 
temperature considerably above the boiling-point. 

OTTOf OTTAXf or ATTAX 07 XOSBS (from an Arabic word signifying 
aronia), is a volatile oil, too well-known to require description as to its odour and 
uses. It is obtained by distilling roses with water. It is manufactured exten- 
sively at Ghazipoor in Hindostan, as well as at Shiraz in Persia. Polier says 
that, to obtain a little loss than 3 drachms of otto from 100 lbs. of rose-petals in 
India, it requires a most favourable season, and the operation to bo carefully per- 
formed. According to Donald Munro, the otto is procured without distillation, 
merely by macerating the petals in water ; and in India it is sometimes thus pre- 
pared: the roses macerating in water are exposed to the sun, when the oil separates 
and flojits on the water. It has also been said to be obtained at Damascus, and other 
parts of Asia Minor, by the dry distillation of the rose at the temperature of a salt- 
water bath. 

It has littla colour. It is combustible; and its vapour forms with oxygen an 
explosive mixture. Its specific gravity at 90® Fahr. is 0*832. At 57® Fahr., 1,000 
parts of alcohol (specific gravity 0 806) dissolve 7 parts; and at 72® Fahr., 33 parts 
of otto. 

Otto of roses consists of two volatile oils : one solid and the other liquid at ordi- 
nary temperatures, in the proportion of about one of the former to two of the latter. 
To separate them, the otto must be frozen, and compressed between folds of blotting- 
pipor, which absorb the liquid, and leave the solid oil. They may also be separated 
by alcohol (of specific gravity 0-8), which dissolves the liquid and scarcely any of the 
solid oil. The solid oil, according to Saussure, contains only carbon and hydrogen, 
and these in equal number of atoms, and is therefore isomeric with oil of turpentine ; 
it occurs in crystalline plates, fusible at 95® Fahr. The liquid oil has not been care- 
fully examined ; it is uncertain whether it contains nitrogen, or only carbon, hydrogen, 
and oxygen. 

Turkey supplies the commercial world with otto of roses. The rose-farms are 
principally situated in the low countries of the Balkan betw'een Selimno and Carloya 
as fiir as Philippolis in Bulgaria. It is the Christian inhabitants of this district that 
are chiefljr engaged in the business. 

Kizaulik in Koumolia is the head-quarters of the trade. Turkey yields from 50,000 
to 75,000 ounces per annum. The average importation of otto of roses into Britain is 
12,000 ounces, very nearly the whole of which is from Turkey. 

A small quantity of otto of roses is produced in Uie south of France and in Savoy 
and the Italian borders. 

Pure Turkish otto of roses congeals at •+• 58*^ Fahr., and boils at 432® Fahr. Italian 
otto of roses congeals at + 62® Fahr. A sample otto of roses produced from English- 
grown roses at Mitcham, remained solid at + 70® Fuhr., but above that temperature 
ut once became liquitl. 

Otto of roses, like other articles that are of value, is systematically adulterated, 
principally with essence of geranium ; wlu’ii this is the case, the boiling-point is 
lowered, and the congealing- point raised. The insertion of a sample of otto in a 
bottle into water cooled with ice is a vor}* good physical tost of purity. Sperinaceti 
was at one time used to sophisticate otto, but its iusolubility in alcohol rendered it too 
easily detected. 

0IFT->0X07« A geological and mining term, to signify that the edge of any 
inclined stratum, bed of coal, or mineral vein, comes to the surface. 

OXAAATSB are saline compounds of the bases with oxalic acid. 



OXALIC ACID 


•XAUO MUB (Jtide OMdigue, Fr. ; SauerkUes'dure, Gor.) is now the object of 
« eoniidarable ^emio^ mnufaetore. It is usually prepared, upon the small scale, 
by tha fc^lowing proooM : — 

One part of sugar is gently heated in a retort with five parts of nitric acid, of 
i^Mciflc gran^ 1*42, diluted with twice its weight of water; copious rod fumes 
are diaengaged, and the ooridation of the sugar proceeds rapidly. When the action 
heat may be again applied to the vessel, and the liquid concentrated, 
^ dwtilling oflF the excess of nitric acid until it deposits crystals on cooling. 
These totals are purified by redissolving in a small quantity of water, and re- 
ciystalj^tion. 

Oxalic acid occurs in aggregated prisms when it crystallises rapid!}*, but in tables 
of greater or less thickness when slowly formed. They lose their water by crystnl- 
lisatloD in the open air, fall into powder, and weigh 0 28 less than before ; but still 
retain 0*14 parts of water, which the acid does not part with, except in favour of 
another oxide, as when it is combined with oxide of load. The effloresced acid con- 
tains 20 per cent, of water, according to Berzelius. 

The effloresced acid may l>e sublimed in a great measure without decomposition ; 
whereas the ordinary crystallised acid, containing the three equivalents of water, is 
decomposed by a high temperature into carbonic and formic acids, and carbonic oxide. 
The crystals of oxalic acid dissolve in eight pirts of "water at G0° Fahr., and in their 
own weight, or less, of boiling water ; they are also soluble in spirit. The aqiirous 
solution has an intensely sour taste and most powerful acid reaction, and is liigbly 
poisonous. In cases of poisoning with this acid the proper antidot-o is chalk or mag- 
nesia, as these substances form with oxalic acid compounds almost insoluble in wati.-r, 
the lime compound being much less soluble than the magnesian. The formula of the 
crystallised acid is C^*,HO-t2HO (C*H‘0*+ aH’-O) ; the effloresced acid, C'W,nO 
(cmtHB*). Oxalic acid is decomposed by hot .sulphuric acid into a mixture of cai^- 
bonic oxide and carbonic acid. The binoxidcs of load and manganese effect the 
same change, becoming reduced to jirotoxides, which combine with tho unaltered 
acid. 

By exposing 100 parts by weight of dry sugar to the action of 82«5 parts of liot 
nitric acid of 1’38 specific gravity, evapor;iting the solution down to one-sixth of its 
balk, and setting it aside to crystallise, from 08 to CO parts of beautiful crystals of 
oxalic acid may be obtained, according to S(*hle.singer. 

Oxalic acid mny be produced by the action of nitric acid upon most vegetable sub- 
stances, and especially from those which contain no nitrogen, such tis well-washed 
sawdust, starch, gum, and sugar. The hitter is the article generally employed, and 
possesses many advantages over every other material. Treacle, which is a modifi- 
cation of sugar, also comes within tho same ranges. A spirit of exaggeration pre- 
vails in respect to the amount of produce attainable by oxalie-acid makers from 
a given weight of sugar. The generality of the staUimonts is absurdly false. One 
cwtk of good treacle will yield about 116 lbs. of marketable oxalic acid; and the 
same weight of good brown sugar may be calculated to produce about 140 lbs. ftf 
acid. As a general rule, 5 cwts. of .saltpetre, or an equivalent of nitrate of soda, with 
2^ cwts. of sulphuric acid, will generate sufficient nitric acid to decompose 1 cwt . of 
good sugar, and yield, as above, 140 lbs. of fair markelablo oxalic acid, free from 
superfluous moisture. 

On the large scale leaden vessels, or w'ood vessels lined with load, are employed in 
the manufacture of oxalic acid. For tins purpose square open vessels, 8 feet square 
and 8 feet deep, are a convenient size, the liquor being heated by means of steam 
passed through a coil of lead pipe. A coil of about 48 feet of one-inch pipe in a vesst l 
of the sise above mentioned is sufficient to keep the liquor at the required tcmjtera- 
ture. In using these vessels, the liquor (whatever it may be) to be converted into 
oxalic acid is put into them together with the acid employed, and healed until tl.n 
required decomposition is effected. The liquor is tlien drawn off by a syphon, oi* by 
a cock placed at the bottom of the vessel, into shallow leaden vessels, or woudeii 
vessels fined with lead, to cool and crystallise, and tho mother- waters are drawn ufi' 
from the crystals, and used in the next operation. 

Anocess fior the conversion of formic acid into oxalic acid lias been patented by 
Kr. J^on; and also a process for obtaining oxalic acid from uric acid, this latter 
being produced Ibcun guano, patented by Dr. Wilson Turner. But owing u> tho 
cheapueis of snguv these processes are of no commercial value. Tlie patents tiken 
out oi late jears fat the manufiusture of oxalic acid have been chiefly confined to the 
saving of nitric «cid» by xeeonverting the rod fumes of nitrous and hyponitric acids into 
mtiic add. 

Instead of oane-sugar or treacle, the saccharine substance obtained by the action of 
il idd on potato stuch is Mnnetimes employed. For this purpose the potatoes ere 
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well wnshed, and then reduced into a fine pulp by rasping, grinding, or other suitable 
means ; such pulp is then washed two or three times, by placing it in water, and well 
stirring it therein, then permitting the pulp to subside, and running off the water. 
The pulp thus obtained is next placed in an open vessel of lead, or wood lined with 
lead, with as mueh water as will allow of the mixture being lK)iled freely, by means 
of steam passed through leaden pipes placed therein. Into the mixture of pulp and 
wat(‘r. a])()ut 2 per cent, by w'eight (of the potatoes employed) of sulphuric acid 
(oxalic acid acts more rapidly) is to be^ stirred in, which will be at the rate of from 
8 to 10 per cent, of acid on the quantity of farina contained in the potatoes; the 
whole is now’ to he boiled for some hours, until the j>ulp of the potatoes is converted 
into saccharine matter, the completion of this iirocoss being residily ascertained by 
applying a drop of tincture of iodine to a small quantity of boiling liquor placed on 
the surface of a piece of glass, when, if there be any farina remaining unconverted, 
a purple colour will bo produced. The saccharine product thus obtained is then 
filtered through a horse-hair cloth, after which it is carefully evaporated in any 
convenient vessel, until a gallon of it weighs about 14 or 14^- lbs.; it is now in a 
proper condition to be employed in the manufacture of oxalic acid, by the application 
of nitric acid, .as in tlio chs (5 of operating from sugar or treacle. Horse-chestnuts, 
deprived of their outer shells, are also applicable to the m.anufacture of oxalic acid 
w'lien treated in tlie W’ny above described feft* potatoes. 

Instead of operating with sulphuric acid, the farina of potatoes and of chestnuts may 
Vie treated with diasbiso, and converted into a liquor similar to that obtained after 
era})oration from the farina and sulphuric acid before mentioned, using about the same 
proportioTi of diastase as before directed for sulphuric acid. In this case the liquor is 
made of the required strength at once, and the processes of filtration and evaporation 
are rendered unnecessary. 

A luiw method of preparing oxalic acid, said to be cheaper than any other process, 
has ])ecn introduced by Messrs. Roberts, Dale, and Co. A mixed solution of 
cau.stic soda and potash, in the proportion of two equivalents of the former to one 
of the latter, is evaporated to a sp. gr. of about T35. It is then made into a thick 
]»asto with sawdust, and heated, with constant stirring, on an iron plate, when the 
ma.ss iiitiimescos and disengages much infljimniable gas. The mixture is then exposed 
for some hours to a temperature of 400° F,, and the grey powder thus obtained is 
trcat(nl with water at about 60° F. The oxalate of soda which remains undissolved 
is then w’ashed, and decomposed with slaked lime ; the oxalate of lime being 
(ieconiposed in turn by sulphuric acid, and the oxalic acid thus obtained in a free 
state. 

Almost the only commercial article made from oxalic acid is the binoxalate of 
potash or salt of sorrel. This substance results from the decomposition of carbonate 
of pota.sh by an excess of oxalic acid. The carbonate of potash is first dissolved in 
hot wii tcr, and t he oxalic acid added until the effervescence ceases ; after which a 
similar quantity of oxalic acid to that previously employed is thrown in, and the solu- 
tion is boiled for a few minutes ; and then it is set aside to crystallise. The crystals, 
after be.ing drained and dried, are fit fortho market. 

Oxalic acid is employed chiefly for certain styles of discharge in calico-printing 
(which see), and for whitening the leather of boot-tops. Oxalate of ammonia is an 
excellent reagent for detecting lime and its salts in any .solution. The acid itself, or 
the birioxalate of potasli, is often used for removing ink or iron-mould stains from linen. 

OX; OXZlf. A sub-tribe of animals belonging to the clusa Mammalia, 
Jliminantia, family Bovidee, or hoUow-hornod ruminants. The ox appears from the 
earliest periods to have been a domesticated animal. Its importance to man is great; 
not only does its flesh form an article of food, but it.s skin, its horns, and its hoofs are 
empl(\vt;d in the arts and manufactures. 

OXFORD CBROMfi. An oxide of iron used in oil and water-colour painting. 

OXFORD CDAFa An argillaceous or clayey tleposit wliich is well developed in 
the neighbourhood of Oxford. It forms the base of the Coral Rag or Coralline 
Oolite, and extends across England in. a north-easterly direction from Weymouth, in 
Dorsetshire, to the river Humber. Its general character is that of a tough brown or 
bluish-black cl.ay, sometimes attaiuiug a thickness of five or six hundred feet. It 
furnishes admirable pasture ; a favourable example of which is afforded by the yale 
of Blackmoor, in Dorsetshire, so famous for its dairy produce. — W. B. 

OX OAXiZi* A mucous, transpareut, ropy liquid, of a greenish brown colour, with 
a bitter taste, obtained from the gall bladder of the ox. It has many uses in the arts. 
See Watts’s ‘ Dictionary of Chemistry ’ (article Bilk). 

OXXDB OF TXRT. See Tin and Vvtty Powder. 

OXZDRO are compounds containing oxygen in definite projmrtions. 

They are usually divided into to/e which unite with acids ; add oxid^, 
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OXIDISED OIL 


wlikli nonteHte bwic oxides, combining with them ; and neutral oxides, which do 
not unite either bases or acids. In addition to these, are saline oxides, or com- 
peillidi iH^leh are produced by the union of two oxides of the same metal. 

WXMikiWMf for polishing. The finest crocus and jeweller’s rou^e are thus prepared : — 
Oryatels of auli^te of iron are taken from the pans in whicli they liave crystallised, 
and aro put at once into crucibles, or cast-iron pots, and exposed to a high tempera- 
. ture ; the greatest care being taken to avoid the presence of dust. 

The least-calcined portions are of a scarlet colour, and form the jewellers’ rouge for 
polishing gold or silver articles. The more calcined portions are of a purple or 
nluish-puiple colour, and these form crocus for polishing brass or steel. It is found 
tbut the blue particles, wliich are those which have been exposed to the greatest heat, 
are the hardest. It will, of course, bo understood that the result of tlie action of lieat 
is to drive oflF the sulphuric acid from the protoxide of iron, which becomes poroxidised 
in the process. 

Lord Rosse, in the ‘Philosophical Tran.saction.s,’ thus describes his process of pre- 
paring hiB polishing powder : — 

‘ I prepare the peroxide of iron by prc'cipitation with water of ammonia, from a 
pure dilute solution of sulphate of iron. The precipitate is waslied, pressed in a 
screw-press till nearly di:y% and exposed to a heat, wliich in the dark appears a dull 
low iw. The only points of importance are. that tlie sulphate of iron should bo 
pure, and the water of ammonia should be decidedly in excess, and that the heat 
should not exceed that I have described. Tlie colour will be a bright crimson, 
inclining to yellow. I liave tried both potash and sotla pun*, instead of water of 
ammonia, but after washing with some degree of eare. a trace of the alkali still re- 
mained, and the peroxide was of an f»ehrey eoUmr. and did not polish propivly.’ 

Jewellers’ rouge is, however, frequently |»re]iaretl in London by precipitating 
sulphate of iron with jxitash, well working the yellow oxide, and calcining it until it 
acquires a scarlet colour. 

Crocus is sometimes pr( pared after the manner recornnunded by Mr. Heath. 
Chloride of sodium and sulphate of iron are well iiiixc<l in ,'i inortar; the mixture is 
then put into a shallow crucible, and (‘xix)sed to a red heat, \hip()ur escajics and the 
mass fuses. When no more vajKiur escape.s, remove the cnicible. and let it co<j1. 
The colour of the oxide of iron jiroduced, if the fin; lias been prop-rly regulated, is a 
fine violet — ^if the heat has been too high it become.s black. Thti mass when cohl is 
to be powdered and washed, to separate the sulplnite of soda. The ]>owd(!r of eroens 
is then to be submitted to a process of careful elutriation, and the finer particles 
reserved for the more delicate work. 

oauBBB or mov. Lour definite combi nation.*^ of iron and oxygen are known, 
namely: — Protoxide, FeO ; sesquioxidc, Fe-0* ; blach: or rnaqmiic oxide, Fe'‘0* = 
FeO, Fe*0*; Ferric acid, FeO®. .See laox. 

OXIOM or XBA.D and TZK. These are both used for polishing. For oxide 

of tin, see Pctty Powder. 

OXJmnr OZZi. At a meeting of the .S<K-ietv of Arts, on April 4, 18fi2, Mr. 
Frederick Walton read a paper ‘ On the introduction ami use of elastic gums ;tml 
analogons substances,’ which described a new preparation bearing the above nunie. 
The following is Mr. Walton’s description of the manufacture : — 

‘Whilst engaged, about two years ago, in a series of exyierimonts on the mann- 
factnreof artificial leather, it was of the greatest importance to the success of tin; 
material that it should have a coat of fine varnish, which, whilst drying quickly, 
possessed the fiexibility of india-rubber. Copal varnisli lias always bt^m account ed 
the best tarnish, but made with drying oil combined with gum opal at a high tein- 
peratnre, it will not, of course, be dr}% until the action of oxidation has rediiei.-d llie 
oil oontained therein into a solid film. Whilst revolving in my mind this knotty 
difiieiiltjr, and presenting eve^ phase of it to careful thought, it suddenly (x*eurred to 
me that tf tlie oil was first dried into a skin, like those I had often set-n on paint-enns, 
but, like other pe(^le, had before considered as waste, was dissolved in a volatile 
•olTent» like india-mblMr sheet, that the semi-resinous material would immediately, 
on the evapotation of the solvent, resume, like india-rubber, the form it was in pi'ior 
to solution. dipping panes of glass into linseed oil, and allowing the films or 
layers to dry, then r^ieatiiig the process, I imitated the manufacture oi‘ india-rubber 
fitom the milk, and theneby nrodneed a solid elastic substance, cora]:>osed of many 
layeiB of peifiMtly oxidised oil. Up to this stage I had done nothing new or original, 


foft the oU-ihe^ mamtfiieturers have for more than a century wuter{)roofed linen by 
layers of oO. Bnl to treat this semi-resinons matter and render it available to pur- 
pMm of manniMtiire, will be admitted to be perfectly new, and I now proceed to 
iatwrtion. Having aocnmnlated a quantity of solid oxidised oil by drying 
mmAmm aT Anw kind, aneh as prepared cloth, stretched in frames, as 
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described in my patent of January 27, 1800, 1 then scraped or peeled it off by suitable 
means. 

‘ At first, as before stated, my attention was solely directed to the attainment of a 
speedily-drying, flexible varnish at a moderate temperature, but very few experiments 
with this oxidised oil led me to notice its rubber-like qualities, which I at once con- 
ceived might, with further manipulation, and with some combinations, be developed 
more fully, and become a very valuable substitute for that article. 

‘ Encouraged by success jit every step, I proceeded, and soon found that by crushing 
the solid oxidised oil obtained in slicets as described in my patent, and working it 
thoroughly in hot mixing rolls, I produced a substance which required only the 
cohesive nature, which in the early part of this paper wo noticed as existing so 
strongly in india-rubber. The addition of a small proportion of shellac s(Jon gave 
that which was wanting, and I found in my power a material singularly like caout- 
chouc whtm worked into dough, and which could be rolled on to fabrics in the same 
nmnneraud with the same facility— giving a perfect waterproof cloth, unlike oil-cloth, 
])iit having tlui rubber finish and flexibility. Ihgments could easily be added to give 
colour ; the addition of resins gave other, or rather varied proportions of adhesion, 
useful as affording the means of uniting fabrics as by rubber. Eibre, whether flock 
or cork, mixed in and rolled into sheets, gave me samples of kamptulicon and other 
floor-cloths. 

‘ Not only has this singular product boon thus assimilated to rubber for uses on 
fabrics, or combined with fibre for floor-cloths, but it is capable of being worked with 
pigment and vulcanised exactly as india-rubber has been, and forms a hard compound, 
like vulcanite and ebonite, excepting that the sulphur is not necessary.’ 

This preparation has not yet found a place amongst manufactures, and the list of 
applications given in the last Edition is no longer useful. 

OXTG&xr {Oa'i/gtmc, Er. ; Sauer. '<f off, Ger.) is a permanent gas, and is best ob- 
tained by heating a mixture of chlorate of potash and binoxido of manganese, w'lien 
the chlorate is decomposed into oxygen and chloride of potassium, 1x010*^ = 1x01 + 0“. 
Oxygen may bo obtained from binoxido of manganese alone by the action of heat; 
but ill this case, when used with chlorate of potash, the binoxido seems only to act in 
moderating the evolution of oxygon from the chlorate. AVhen chlorate of potash 
alone is used, tlio evolution of gas does not eommeuce so soon, and often is given off 
rather suddenly at first, and may cJinse the fracture of the glass vessel. 

Oxygen was first discovered by l)r. I’ricstley in England, and Scheelo in Sweden, in 
1774, about the s.ame time, but independently of each other. Dr. Priestley called it 
*d('jMo(]iiiti( ated air, and Scheelo cvi'pt/real air. It was Lavoisier who gave it the name 
of oxi/pen, from the ideji that it was the acidifying principle in all acids (from d^vs, 
acid, aiul ytvvdw, I beget, or give rise to); but this name has of late years been shown 
to be a false one. Oxygeu may be obtained from several substances, viz. by heating 
red oxide of niercnry, HgO =Hg + 0 ; or by heating three parts of bichromate of potash 
witli four parts of oil of vitriol in a glass retort. The products in the latter ease are 
snlpli.itoof put ash, sulphate of ehromiuin, water, and oxygen. 

Oxygen is colourless, odourle.s.s, ta.stoless, incombustible, but the most powerful 
agent in juairitaining combustion. According to Eegiiault, 100 cubic inches of this 
gas weigli, at 00'^ Fahr. and barometer at 30 inches, JU'IO grains, and its specific 
gravity is ITOaG. According to Berzelius and Dulong, its sp. gr. is 1T026. 

Of all known substjiiices oxygen is the most abundant in nature, for it constitutes 
at least three-fourths of the known terraqueous globe. Water contains eight-uiiitlis 
of its w'oight of oxygen ; and the solid crust of our globe probably consists of at least 
one-third part by wtuglit of this principle ; fur silica, carbonate of lime, and alumina, 
— the three most abundant constituents of the earth's strata — contain each about 
one-half their ^weight of oxygen. Oxygen also constitutes about twenty per cent, 
by volume, or about twenty-three per cent, by weight, of the atmosphere ; and it is 
an essential constituent of all living beings. Plants, in the sunlight, absorb carbonic 
acid, decompose it — keeping tlio carbon and liberating the oxygen ; while animals, 
on the other hand, absorb oxygen and give off carbonic acid. Oxygen is the great 
supporter of combustion ; substances w'hich burn in air burn with greatly-increased 
brilliancy in pure oxygen. Several propositions have been made to produce intense 
light by the use of pure oxygen gas, in the place of atmospheric air. The Drummond 
Light, the Bude Light, Fitzmaiirice’s Light, and others, employ oxygen in combination 
witli hydrogen or carburetted liydrogen at the moment of entering into combustion ; 
and some of these bring in the additional aid of a stdid inccandescent body, as lime, 
to increase the intensity of tlie illuminating power. The useful employment of any of 
those plans appears to depend upon the production of oxygen by some cheaper process 
tlian any at present employed. 
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Hav6ehftl ftnd Tessie du Mothay prepare oxygen b.y hen ting the manganates, per- 
manganstea, chromates^ and ferrates of the alkalis, in a current of stcnin. The 
mangftpate of soda is used for this purpose in America. 

The manganate is crushed to a coarse powder, and is then placed in elliptical 
jraUnts, 7 feet long, 1 foot wide, and 2 feet deep. These are placed horizontally, the 
eUipos iMing Tertical. A current of super-heated steam is then passed through the 
mass, at first slowly, afterwards more rapidly ; when the heat has become sufRciently 
hia^, part of the oxygen is eliminated, and passes off with tlie steam, w'hich latter, 
being condensed, oxygen remains in a state of tolerable purity. The condensers used 
are similar to those employed in gas-works to separate the less volatih? constituents 
from the ooal-gas. They are simpl}^ a system of upright east-iron U-pipes inverted. 
The water thus formed is sufficient in quantity to wash all soluble impurities from the 
gas. Farther impurities are removed in a scrubber, whence the oxygen passes, fit for 
nse, into the gas-holder. 

After the manganate of soda has been subject to the act ion of the steam for about 
ten minutes, the current is shut off, and atmospheric air blown in its place, the 
effect of which is to re-oxidise so much of the soda-salt as has parted with its oxygen. 
The nitrogen of the air escapes. After ten minutes the air is cut off and stf^aiii re- 
introduced, which, as before, carries with it oxj’gen into the condensers. 

Some difficulties have been found in working this process. Theori tically, the man- 
ganatc should coutiuuc to jneld oxygen ad infimtum ; but, in practice, it is found that 
after being some time in use it loses its ]X)rosity. and eonsequenlly do(‘S not permit the 
steam to act through its wliole mass. It becomes, therefore, necessary to recharge 
the retorts after not very long intervals. It is believed that, if the steam could be 
kept perfectly dry throughout the process, a result much more nearly jip}»roaching that 
predicted by thaorj’, would be attained to. 

OXOUSXTB or OZOCBKZTS. A mineral wax found in the Urpeth Colliery, 
Newcasde-on-Tyne, at Uphall in Linlithgowshire, and in one or two of the collieries, 
in South Wales. Its composition is, usually, hydrogen 13*70. carbon 86*20. O;;okorito 
is found in considenible quantity in Moldavia and in Galicia, and has ln*en used 
for the distillation of paraffin and the manufacture of candles, ^ee Ca.ni)I.f..s ; 
Pabaffik. 

OZOVm and AITTOZOBS. The most convenient method of procuring ozone, 
or rather an ozonised Rtma‘iphere, is to place in a large bottle of air. which can be 
completely closed, a stick of phosphorus freshl}* scraped. Sufficient distil ltd water 
should be poured into the bottle to pfirtially cover the phosphorus ; the vessel should 
then be closed with the stopper, and kept in a room at a temperature between 60*^ and 
70®. The phosphorus is oxidised in the bottle in the usual w*ay ; and. diirinir this 
process of oxidation, a portion of the oxygon passes to the state of ozone, and is 
diffused through the air in the bot tle. The te.st for its presence is a slip of pap(‘r 
moistened with a solution of starch and iodide of potassium. When ozone is pro- 
duced, this paper on immersion ficquires a blue colour, owing to the oxidation of tlie 
potasaum, and the production of iodide of sUirch. Jf a similar slip of paper is put 
into a similar bottle of air containing distilled w*ater "with out phos})horus, no eliauge 
is produced. In a warm room, the evidence of the presence of ozone in a bottle is 
usnAUy procured in about ten or twelve minuU's ; ]»ut the maximum quantity of ozone 
is found in it from two to ten hours. Only a small part of the oxygen (from 
to l-200th) appears to undergo this change; and if kept long, the ozone may Ix' lo.'-t 
by combining with the oxidising phosphorus. So if the iodide paj)ir be left in 
the bottle, the blue colour will after a time disappear by the ozone combining wit h 
the iodine to form iodic acid. It is not produced in dry oxygen, nor in liumid air, 
or in oxygen mixed wdth certain gases or vapours which prevent the (jxidatioii of 
the phoepbcuiis ; but it appears to be more readily produced, c<stvris paribus, when 
ifxjgpa. IB mis^ with nitrogen, hydrogen, or carbonic acid. Ly wiishing and 
decantation, the oeonised air, which is quite insoluble in water, may be deprived of 
the idioephoms-vapour associated with it, and kept in well-clo-sed bottles. It is 
tpeaally loot by diffhsion. Glraham found that ozone traversed dry and porous stone- 
ware. Oaone may be produced on a small scale by placing a piece of pliosphorus 
with water in a watch-glasa, and inverting over this another glass containing the 
taet^per or lioutd. 

Oaone in nrooiiced by paesiog the electric spark silently into pure and dry oxygen. 
^Mmy and Seo^nerel fimnd that pure oxygen contained in a sealed tube, when treated 
to a fuffideat ume with a aeries of electric sparks, underwent a complete conversion 
Into oaoue^ at the iriiole contents of the tube, when broken, were absorbed by a solu- 
of a lka it na iodi^ in whidi it was immersed. In the electrolytic decomposition 
mW BUfr, the oxygen at the poeitire pole has ozonic properties, provided the j)oles 
^ hvdrnfrfin evolved eave no indication of 
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ozone. Faraday found that a mixturo of iodide of potassium and starch was decom- 
posed at the positive polo, even after the gaseous oxygon had been made to pass 
through a tube containing a layer of cotton soaked in a solution of potash. The 
object of this arrangement was to arrest any acid which miglit b(5 simultaneously 
produced, and thus lead to the decomposition of the iodide. l)r. Letheby found that 
the ozone thus evolved at the positive pole possessed the same power of colouring 
strychnia as the oxygen (ozone) liberated by sulphuric acid from the peroxides of 
manganese and lead, and from chromic acid. 

In 18o(), Sdidnbcin found that ozone was a product of the slow combustion of ether. 
If a small quantity of ether be poured into a jar or bottle, and a clean glass rod, 
heated to about 500°, is introduced, acid vapours are given off which redden wetted 
litmus at the mouth of the jar, and which set free iodine from iodide of potassium, 
causing tlie blueing of starch-paper impregnated with this salt. Clean platinum, and 
even copper or iron, will produce similar effects. The residuary ether in the jar at 
the same time acquires now properties — those of antozone. It bleaches sulphate of 
indigo, and converts chromic into perchromic acid. Aritozone is usually produced 
during this slow combustion of ether, but its existence as a separate principle is ox- 
ccc'dingly hypothetical — it is probably a peroxide of hydrogen. Scjo ‘Ozone and 
Aiito/.oiie,’ by Cornelius 13. Fox, M.I). ; and Watts’s ‘dictionary of Chemistry.’ 


P 

PACKFOirCI. An Fast In<1ian alloy, forming a whiter metal like German silver. 
It is the Cliincse iiicktd-silver. It appears to contain copper, zinc, and nickel. 

FACOy or PACOS, is the Peruvian name of an earthy-looking ore, which con- 
sists of brown oxide of iron, with almost imperceptible particles of native silver dis- 
seminated through it. 

PADBZlfO MACBXlsrS (Machine a plaquer, Fr. ; Klatsch, or Grundermaschine, 
Ger.), in calico-printing, is the apparatus for imbuing a piece of cotton cloth 
uniformly with any mordant. In fy. 1582, a n c d represents in section a cast-iron 
frame, supporting two opposite 
standards al)Ove m, in whose ver- 
t leal slot the gudgeons a 5 of two 
c'^)pper or bronze cylinders, k r, 
run ; the gudgeons of k turn upon 
fixed brasses or ])bminuT blocks; 
but the superior cylinder f rests 
upon the surface of the under one, 
and may 

it with gri'aler or less force by 
means cd'the weighted lever d cfp* 
whosfi centre of motion is at d, 
and which bears down upon the A 
axle of F. K is the roller upon 
which the pieces of cotton cloth 
intended to be padded are wound, 
several of them being stit(!hed 
endwise together. "J'liey receive 
tension from the action of a 
Weighted bedt, on, whieh passes 
round a pulley, w, upon the end of 
the roller K. The trough o, which 
contains the colouring-mutter or 
mordant, rests beneath the cylinder C 
upon the table l, or other conve- 
nient support. About two inches above the bottom of the trough Uiere is a copper dip 
roller, c, under which the cloth pusses, after going round the guide roller m. Upon 
escaping from the trough, it is drawn over the half-round stretcher-bar at i, grooved 
obliquely right and left, as shown at n, whereby it acquires a diverging extension 
from the middle, and enters with a smooth surface between the two cylinders E F. 
These are lapped round 6 or 7 times with cotton cloth, to soften and equalise their 
pressure. The piece of gooils glides obliquely upwiirds, in contact with one-tliird 
of the cylinder f, and is finally wound about the uppermost roller h. The gudgeon 
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of.M reTolveg in the end of the radius hk, which is jointed at Jc, and movoiihlc by a 
inoctiM at i along the quadrantal arc towards as the roller k becomes enlarged by 
the conyolutions of the web. The under cylinder e receives motion by a pulley or 
rigger upon its opposite end, from a band connected with the driving-shaft of tho 
pfintshop. To ensme perfect equability in tho application of the mordant, tho goods 
are in some works passed twice through tho trough ; the pressure being increased tho 
second time by sli<^g the weight <7 to the end of the lever df . See Calico-Printing. 

IPAllSUk A metallurgical term. The name of a tool used by the iron-piiddler. 

I^JkUST* The Indian name for rice in the unlmsked condition. 

VJMWnr^ or Coralline. See Carbolic Acid. 

FAOnrii MACBZIUB. A self-acting machine for paging books and numbering 
documents, by Messrs. Waterlow and Sons, is of a very ingenious character. Tlie 
numbering apparatus consists of five discs, which are provided with raised figures on tluir 
periphery, running from 1, 2, 3, &c,, to 0; and these figures serve (like letU'r-press type) 
to print the numbers required. The discs are mounted at the outer end of a vibrating 
frame or arm on a common shaft, to which the first or units di.«c is permanently fixed ; 
and the other four discs (viz. those for marking tens, hundreds, thousands, and tens of 
thousands) are mounted loosely thereon, so that they need not, of necessity, move wIk'h 
the shaft is rotating: but they are severally caused to move in the following order ; — 
the tens disc performs one-tenth of a revolution for every revolution of tho units disc ; 
the hundreds disc makes one-tenth of a revolution for every revolution of the tens 
disc, and so on. As the discs rise from the paper after every impression, the units 
disc is caused to perform one-tenth of a revolution (in order that the m xt number 
printed may be a unit greater than the preceding one) by a driving click taking into 
the teeth of a ratchet-wheel, fixed on the left-liand end of tho shaft. Tluf movement 
of the other discs is effected, at intervals, by means of a spring catcli, affixed to tlie 
side of the units disc, and rotating therewith ; wliioh e.atcb. each time tliat the units 
disc completes a revolution, is caused by a projection on tlu^ imuT surface of the 
vibrating frame to project behind one of tlie raised figures on the tens disc, and carry it 
round one-tenth of a revolution on tlie next movement of the units disc taking placi' ; 
and then, the catch having pas.sed away from the project it > 11 , no further increasi; in 
the number imprinted by the tens disc will be effbeted until tlu' units disc has per- 
formed another revolution. Everj’ time that the tens disc comjdetos a revolution, the 
spring catch causes the hundreds disc to move firward one-tentli of a revolution, an<l 
similar movements are imparted to the remaining di.scs at suita})]e times. Tlie shaft 
IS prevented from moving, except when it i.s acted on by llie driving click, by a sjtring 
detent or pull entering the notches in the periphery of a whi^d fixed on ihe* riglit- 
hand end of the shaft; and thus the discs arc held stiiady while numlx'ring, and a 
clear and even impression of the figure is <‘nsured. TJie leaves of the book to btt 
paged or numbered are laid on the raised part of the table of the machine, covered 
with vulcanised india-rubb-er, an<] as each jiage i.s numbered it is turned over ]»y tho 
attendant, so as to present a fresh page on their next (](?.sceni. As the discs ascmul 
after numbering each page, an ‘inking apparatins (consisting of tlirce rollers nn. unted 
in a swing frame, and revolving in contact wit h each other, so as to di.stribute the 
fnk which is fed to the first roller evenly (in to the third or inking roller) descends 
and inks the figures which are to be brought into action, when the numljcring a]>jKtraiii.s 
next descends. By this means books or documents muy l.e ])aged or marked with ciii- 
aecutive mimbers. For printing duplicate setsof numlicrs, ns fur linnkcr.s’ books, a simple 
and ingenious contrivance is adopted. Thi.s consists in the employment r.f an addii irmal 
ratchet-wheel, which is acted on by the driving click that njovi;s the ratchet -wliC!-] above 
mentioned, and is provided with a like number of teeth to that wheel. But the diaim - 
ter of the additional ratchet-wheel is inen^asc^d to admit of the teeth being .m) furimtl 
that the driving click will bo thereby held back from contact, with every alternate tootlj 
of the first-mentioned ratchet-wheel ; and thus the arrangement of the numbering discs 
will remain nnehang^, to give, on their next descent, a dii]»licate impression of the 
number previonsly printed ; but, on the re-ascending of the numbering apparatus, tlie 
elkfc will act on a tooth of both ratchet-wheels, and move both forward ono-tonth of 
a molatkm; and, as the shaft accompanies the first ratchct-M'heel in its movements, 
tibe number will consequently be changed. 

MaMrs. Scbleeinger and Co. have introduced a paging machine, the capabilities of 
which are eimilar to the above, but e^ewhat differently obtained. Tho numbering 
diact in this inatanoe are provided with ten teeth, with a raised figure on the end of 
aarii tooth ; and they receive the change motion ibom cog-wheels mounted below them 
on the sasne frame. At eadi deacent of the frame a stationary spring catch or hook 
^eee driwm round the wheel one tooth, that gears into the teeth of the units disc, and 
wMieby canaea the unite diac to bring forward a fresh figure. The toothed wheels 
aomewbat matow than the ntunberisg discs, but one tooth of each wheel is 
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enlargod laterally to aLout doiiblo tlio size of tlio other teetli ; so that at the completion 
of evei*y revolution of the wheel the projecting tooth shall act upon a tooth of tlio 
next disc, and carry that disc forward one-tenth of a revolution. By this means the 
requisite movements of the discs for effecting the regular progression of the numbers 
are produced ; the first wheel driving its own disc, and communicating motion at in- 
tervals to the next disc, and the other wheels each receiving motion at intervals from 
tlie disc with which it is connected, and transmitting motion, at still greater intervals 
of time, to the next disc. 

The machine is caused to print the figures in duplicate by drawing the spring catch 
out of action at every alternate descent of the frame, and thereby preventing any change 
of the figures taking place until after the next impression. 

The numbers may bo increased two units at each impression, so as to print all even 
or all odd numbers, by bringing a second catch into action, which causes the unit disc 
to advance one step during the ascending movement of the frame, in addition to the 
advance during the descent of the same. 

PAXarTS are colouring-matters in combination with oil. In most cases for the 
ordinar}’ paints tlie liasis is white lead, with the colouring agents derived from the 
mineral or vegetable kingdom mixed with it. This does not apply to artists’ colours 
(see Coi.oru's). The advantages of lead ai*e, that its carbonate (or white load) 
actually’ combines with the oil, whereas white zinc is merely mechanically suspended 
in it. In the one case wo have a plaster spread over the wood or canvas to which 
t])e paint is applied, in the other wo have only a fine powder held by the oil so long 
as it continues permamait, but which w'ashcs out when the oily coating begins to give 
way. 

O.r/r/e of ^ivc, or while zinc, is, however, much used as a paint. Ground with oil, it 
dofs not covcT tlie surface of wood so well as a lead paint does, owing to the condition 
in which it exists, as already explained. It lias, however, one advantage over white 
bad, as it is not liable to tarnish or blacken when exposed to the action of snlpliido 
of hydrogen. It has b<‘en stated that white zinc is not injurious, as white lead is, to 
thelujalth of the }>ainter. This is very questionable. It has been found that the long- 
continued use of white zinc paint prcnluces a di.stressing nausea. 

A white paint has be('U made from the oxide of hismidh ; but the metal is too scarce 
to make it an article of commercial value. A tunffsten white was made in tolerably 
large quantities a few years since, audit was advertised as possessing many advantages ; 
as it has not maintained its grruind, wo may therefore suppose that the promises were 
not fulfilled. 

Cojtprr is largtdy used as a paint. The most brilliant greens are compounds of the 
(txicle of this metal with arsenic and other bodies. There are also several blues of 
great value produced from copper. 

oxides of iron, in various forms, are employed in the production of 
yellow, brown, and black paints. A very beautiful black is produced by calcining 
with care spathic iron ore, the wliito carl>onate of iron ; the result is a black magnetic 
oxide, which mixes well with oil, and forms a most permanent covering for out-of-do()L* 
work, (’ali ined ha?matitic iron ores are also found to produce most permanent 
colours, which n sist the action of the weather in a remarkable manner. 

Anihrarifr, ground to an impal}>able powder, has been extensively used, when 
mix(‘d witli a drying oil as a black p.aint. A considerable quantity of this paint was 
manufactured at llideford, in North Ifi-von, wliere the anthracite is obUiined from the 
well-known culm measurfs of that district. Nearly all paints employed by the 
ordinary honse-painter should be, liowever, lead paints to which colour has been 
imparted by the use of some of the met.iUic oxides. For artists’ paints, see Colovrs ; 
Ja;Ai>, OxicHi.ouiUK ; and Whitk Lkad. 

VAXITTS, OaZVBZVG OF. Th ere arc many pigments, such as common orpi- 
meut, or king 8 yellow, and vertligris, which are strong poisons ; others which are 
very deleterious, and occasion dreadful maladies, such as white Iciwi, red lead, chrome 
yellow, and vermilion ; none of which can he safely ground by hand with the slab 
and muller, but should alMaiys bo triturated in a mill. The cmaiiationa of white lea<l 
cause, first, that dangerous disease the colica inctonum^ afterwards paralysis, or 
jiromature docreiatude and lingering death. 

Figs. 1683, 1684, and 1685 exhibit the construction of a good colour-mill in three 
views: fig. 1683 being an elevation shown upon the side of the handle, or where the 
power is appiietl to the shaft ; fig. 1684 a second elevation, taken upon the side of the 
lino cd of the plan or bird’s-eye vlow^fig. 1685, 

The frame-work a a of the mill is made of woo<l or cast-iron, strongly mortised or 
bolted together, and strengthened by the two cross iron bars b b. Fig. 1686 is a plan 
of the millstones. The lying or nether millstone c,fig. 1684, is of cast iron, and is 
channelled on its upper face by corn millstones. It is fixed upon the two iron bars 
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bit may be prefembly eapported upon the throe points of adjustable screws, 
paaililg ip thioigh bearing-bars. The millstone, c. is surrounded by a largo iron 
BOop, for preyenting the pasty-consistenced colour from running over the edge. 
It OMI eaeape only by the sluice-hole e, fy. 1584, formed in the hoop, and is then 

reeeiTed in the tab x," placed beneath. 

The tapper or moving millstone, f, is also made of cast iron. The dotted lines indi- 



cate its shape. In the centre it has an aperture with Icdgts. a. r, ; therr is also a 
ledge upon its outer circumference, sufficiently high 1o confiiu- the colour whicli iumv 
occasioually accumulate upon its surface. An upright iron shaft, ii, ]>asses into t hr 
turning-stone, and gives motion to it. A horizontal iron bevel-Mlieel. k. 158-1. 
1686, furnished with 27 wooden teeth, is fixed upon the upper end of the upright 



ebaft H. A similar bevel-wheel, l, having the same number of teeth, is l vri ii 
«lly upon the horizontal iron axis m m, and works into the wliet 1 k. '] huriziinuil 
axk, U X, bears at one of its ends a handle or wineh. n, by which the wurkmen in.iy 
tarn the millstone f; and on the other end of the same axi.s the t1y-wlie< I, o. is made 
fiisty which serves to r^^late the movements of the machine. U}K»n (me of th(^ 
spoto of the il^-wheel Siere is fixed in like manner a handle, v, which may serve 
upon oooaskm te turning the mill. This handle may be attached at any convenient 
ditanes fitom the centre by means of the slot and screw-nut j. The colour to be 
ground is pot into the hopper n, below which tJie bucket, s, is suspended for supjdyiiig 
Hie coloiir imilbnnly throngfa the orifice in the millstone a. A cord or chain, t, by 
mosim of which the bndtet, s, is sosmnded at a proper height for ]xmriug out t he 
Jxpusite quality of oblonr between Uie stones, pulls the bucket obliquely, and makes 
its beak rert sgainst the square uprigfat'Shaft h. By this meatiK the bucket is con- 
nutated in such a way as to discharge more or less colour, according its 
ygtos of ine^mtaon. Tha omer cistem, x, receives the colour successively as it is 
and whoa fnll it may ht earned away by the two handles z z ; or it may be 
••®tW by the stopcock T, without removing the tnb. For many purposes, us for 
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colour-printing, it is highly important tluit tho paint usetl should be in the finest 
possible state. To effect this, at Messrs. Do I^a Rue’s and some other large establish- 
ments, the colours are passed between finely-polished steel rollers which are, by 
screws, brought very close together. 

PAZITTS, VZTKXFIAB&B. See Porcelain ; Pottery ; and Stained Glass. 

PAUSAIZDBB WOOB. A name employed on the Continent for rosewood. 
Holtzapffel has the following remarks on this wood ; — 

‘ There is considerable irregularity in the employment of this name ; in the work 
of Bergeron a kind of striped ebony is figured as hois de Palixandre ; in other 
French works this name is considered a synonym of hois violet, and stated as a 
wood brought by the Dutch from their South American colonies, and much es- 
teemed.’ 

PABBABZtTM, a metal possessed of valuable properties, was discovered in 1803, 
by Dr. Wollaston, in native platinum. It constitutes al)out 1 per cent of the Colum- 
bian ore, and from j to 1 per cent, of tho Uraliiin ore of this metal; occurring nearly 
pure in loose grains of a steel-grey colour, passing into silver-white, and of a specific 
gravity of from 11-8 to 12*14; also as an alloy with gold in Brazil; and it is also 
found in many varieties of native gold. In tho nitro-muriatic solution of native 
platinum, if a solution of cyanide of mercury be poured, the pale yellow cyanide of 
palledium W’ill bo thrown down, which, being ignited, affords the metal. This is the 
ingenious process of Dr. Wollaston. The palLadium present in the Brazilian gold ore 
may be readily separated as follows : — 

iVlelt tlu» ore along with 2 or .3 parts of silver, granulate the alloy, and digest it 
with he;it in nitric, acid of specific*, gravity 1*3. The solution containing the silver- 
j'alladiuni, for the gold does not dissolve, being treated with chloride of sodium 
or with hydrochloric acid, will part with all its silver in the shape of a chloride. 
I'hci supernatant liquor being concentrated and neutralised with ammonia will yield 
a rose-coloured salt in long silky crystals, the ammonio-chlorido of palladium, 
which, being washed in ice-cold water, and then ignited, will yield 40 per cent, of 
nietiil. 

l^'lll!ldi^m is one of the hardest of tho met^als ; its colour is not so bright as that 
of silver ; it is malleable, ductile, and capable of being welded. This metal is more 
o.\idisalile than silver, for it tarnishes in air at tho ordinary temperature; when 
hwitcd in air it becomes blue at first from partial oxidation ; but if the temperature 
be increased, this colour disjippears and its brightness returns. 

I’alladium is sometimes substituted for silver in the manufacture of mathematical 
instruments. The commoner metals m.'iy bo plated with palladium by the electrotype 
jtrocf.ss. Pallailium is sometimes u.sed in the coihstruction of accurate balances, and 
lor sonic, of the works of chronometers. An alloy of palladium and silver is employed 
by the dentists from tho circuinstanco that it does not tarnish. The influence of 
palladium in jirotecting silver from tiirnishing is a remarkable and valuable property, 
d be \V(dlaston inevlal, given by the Geological Society in honour of its discoverer, was 
fornierlv made of palladium. 

PABMZTZC ACZB. This acid was first discovered in 

])alin-oiI, from which it derivcAl its name ; it has since been found in many other 
natural {>roductlori.s, and may also bo xiianufacturod artificially from many other sub- 
stances. It is contained, for instance, in bees’-wax, and that in considerable quan- 
tities ; the portion of the w'ax insoluble in boiling alcohol is called myricine, and is a 
]>a Imitate of myricyle, Tlii.s myricine requires a strong solution of potasli to saponify 
it, and then the jialmitic aciil is obtained as a pilmitato of potash, from which it may 
bo sepanitixl by ailding an acid. 

Several chcniical j»rocesscs have been intnxiuced for cbtiiining palmitic acid, but 
none of them Iiavo been u.^ied commercially for obtaining it, which is largely used in 
nmking candles. When thus required, it is ol>tainud in the same manner as stearic 
acid, by distilling wit h high-pressure steam. See Candles. 

When pure, palmitic acid is a colourless solid substance, without smell, lighter than 
water. It is quite insoluble in water, but freely soluble in boiling alcohol oP ether, 
'i’hese solutions have an acid reaction, and when concentrated become almost solid 
on cooling ; but if more dilute, the pilniitic acid separates in groups of fine needles. 
It fuses at 143 6® Fahr. ; and becomes, on cooling, a mass ot brilliant pearly scales. 
It unites with bases to form salts, most of which are insoliil>Ie in water. It may also 
be made to unite with glycerine to form pciliniiin, in wliich state it previously existed 
in palm-oil. 

VABMZTZBT. This is the principal constituent of fresh palm-oil. It may ba 
obtained from it by the following process : — 

The palni-oil is subjected to pressure to remove the liquid portions ; the solid por- 
tion is then boiled with alcoliol, which dissolves tho free fatty acids which may bo 
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Dt The residue is then crude palmitin ; and it is purified hy repeated crystal- 
Itsstions with ether. When thus obtained it is in small crystals ; these fuse, and 
bee ome i on cooling, a semi-transparent mass, which may be easily reduced to powder. 
It is ahnoet entirely insoluble in cold alcohol, and only slightly solulilo in boiling 
alcdholt £p(na whkh it again separates, on cooling, in flakes. It is soluble in all pro- 
portions in boiling ether. 

M* Dnify states that there are tliree modifications of pfilmitin, differing in their 
iiidting«point : the first melting at 1 15® Fahr., the second melting at 142° Fahr., and 

the thha at 145*2® Fahr. 

F4klMMIZli. See Oils. 

WMXM^WkMMm The juices of many of the jmlms yield a saccharine matter, 
firom which eane-sugar can be extracted. 

I^JLSJK»TSBXXi The woods obtained from the I'arious jvilms of the tropics pass 
under different names in commerce, according to the patterns llicy present. The only 
two Tari^es much used are : the Betel-nut palm, or Areca catechu, which yields a 
wood of a light yellow-brown colour ; and the Cocoa-nut palm, Cocos nucifera. Tins 
wood is of a chestnut-brown colour. It is much employed for joists, water- troughs, 
&c., in small quantities for marquetry, and other oniamonUil works. We receive this 
wood under the various names of palm, palmetto, palmyra, nutmeg, leopard, and 
porcupine woods. The last two receive their names accordingly as tlie section is 
mode in one direction or another. 

If the wood is cut horizontally it exhibits dot.s, like s]>icv ; when cut obliquely, llie 
markings are something like the quills of the purupinc*. 

VAJUK-WAJK, the produce of the CcroayJou Anflicn^a. a jialm growing in tro}ncal 
America. The stem of the tree is thickly covered with wax, which i.*^ scraj H*d ofV ami 
softened and purified in hot water. It is mixed with tallow to render it less brittle ; 
and in this state it is used in Soutli America for candles. 'J'lie leaves of tJje Carffa?fha 
palm are coated •with a layer of "wax, whicli }>eels ofi‘. and is collected when the leaves 
are dried. Teschemaker informs us that tiie leaves of tlie dwarf-palm Jire imjioru d 
into the United States from the West Indian Islands lor the use of tlie hatters ; they 
are thickly covered with wax. »See CxRXAruA. 

VAVXnCATgOV. The making of bread. See Hkkad. 

VAVnUI. A curvilinear tile, 80 formed. U) faciliUle the flow of waUr. 

tiles are fiat tiles. 


WAMAVmaXMWL (C^^mo*). One of tlie many alkaloids con- 

tained in opium. It was discovered by Merck in 185(». but lias been chiefly examined 

by Dr. Anderson. 

VAVMMSOAXi. (Papierkohlr. Get.) A name given to certain laycr.s of lignite, 
from their leaf-like character ; this mineral is known also as Ih/sodUc. 

PAVSB^ClFTTZVOa iSome machiij*-s liave been patented lor this purpose : 
one by Mr. Crompton of Famworth. and anotlh r ly Knocli Miller. Mr. Fdwari 
Oowptf patented a machine which has been extensively enqdoyed, and which, tiiere- 
fore, we must describe. It consists of a machine, with a reel on whicli the web of 
paper of very considerable length has l>oen previously wound ; this web of pi]>cr bi ing 
of sufficient width to produce two, three, or inun- siieets wlieii cut. 

The several operative pirt.s of the iriHchine. an mounted u}x>n standards, fir Ir.ine - 
work, of any convenient form or dimensions, and consist of travelling elJdle.s^ i;ip.. > t.. 
conduct the paper over and under a series of guide- rollers ; of eircular rotatory euners 
for the porpose of separating the wc-b of paper intf) strij.s equal to tlie widths of the 
ifilendea sheets; and of a saw-edged knife, which i.s m.uif: ti^ slide liorizonUilly, for 
the purpose of separating the slips into such portions or length.s as shall bring them 
to too ttmeosions of a sheet of paper. 

The end of the web of paper from the reel «, fig. 1587, is first conducUd u]) an 
inclined plane, 6, by hand; it is then token hold of by endh^ss topes extended upm 
rolien, as in Mr. Cowper’s Printing-Machine. These (mdless Uipcs carry the wtd» 
of paper to the roller c, which is prised against the roller d by weighted levers, 
acting upon the plnnuner-blocks that its axle is mounted in. The second roller, d, 
may be either of wood or metal, hanng several grot^ves formed round its })eri|»lK ry 
for the piifpoeeof receiving the edges of the circular cutters, c, mounted ujioii -m 
a^e tnrmitg upon bearings in the standards or frame. 

In order to allow tho web of pa^ to proceed smoothly between the two rollers, 
A d, a namiw rib of leather is ]daM round the edges of one or both of tliese rollers, 
for the parpoee of leaving a free apace between them, through wliich the paper nmy 
pm witooot wrinkling. 

From the first toller, r, the endless tapes conduct the paper over the second, d, and 
Ihsniurffr a nressingH^lcn', /, in which progress tlie edges of tlio circular knives, e, 
ptwring in the grooves of the sesood roller, d, cut the web of paper longitudinally 
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into strips of sueli width Jis nuiy b(i required, according to tho number of the circular 
cutters and distances between them. 



slri}>s of p.'ipcr proceeding onward from between tlie knife-roller, f/, and 
} ."( v ing-r(']!er, J\ conducted liy tapes, until they rcacli a fourth roller, g, when they 
;in‘ ;illt»\ved to drsoend. and to pass through the appanitus designed to cut them trans- 
vevM'ly; that is, into sheet-lcniTths. 

Tlie apparatus for cutting tlie strips into sheets is a sliding knife, placed horizon- 
tally ujN)n a frame at //, which fnime, with the knife e, is moved to and fro by a 
jointiHl rod, cornn el . J to a crank on the axle of the pulley k. A fljit b(>ard or plfite, 
*/, is fixisl to the standard frame in an upright position, across the entire width ot the 
iiKicliinc, and this ]•oard or }>late has a groove or o|)ening cut along it opposite to the 
e^ lire (if the kiiilh. The pajuT deseending frcini the fourth roller, _(/, psisses iigainst 
tlie face of this boanl. and as the carriage with the knife advances, two small liktcks, 
mounted iqwm rovls with springs, >n m, e«)me agiinst tho piiper. and hold it tight to 
llic board or plate /, wliile the edge of the knife is protruded foru'ard into the groove 
of that board or I'latr. and its sharp saw-shaped teeth piissing througli the ]'aper, cut 
one row of sherl> from the descending strips; which, on tlie withdrawing of tlio 
Ido'ks, fail down, and aro colleeted on tho heap below. 

Tile }K>wer for aetuating this machine is applied to the reverse end ()f the axlo on 
wliieli till* pulley k is fixrd, and a land, /i n n «, jmssing troni this pulley over 
l« nsion*wlief!s, o, drives the wheel, q, lixed to the axlo of the knife-roller, d: hence 
this roller ree«ives tho rotatory moti(»ii, w'hieli cau.ses it to conduct torward the 
Well of p;ii)cr ; but the (Jthei* rollers, c and y*, are inipolled slowly by the tuietioii ot 


eij.Mtact. 

The rotation of the crank on tho axle of k. through tlie intervention of the crank- 
rod i, moves the carriage /r, witli the knife, to and fro at certain periods, and when tho 
spring blocks m eomo against the grooved ]»late /, they .slide their guide rods into them, 
while the knife advances to sever the sheets of papt*r. But as sheets of ainereut 
dimensions ar« occasionally requiretl, tho lengths of the slips delivered between eaci 
return of the knife are to l>e regulated by enlarging or diminishing the clmineter or 
the jMilley k, which will of course reUird or facilitiito tho rotation of the three con- 
ducting rollers, c, </,/ and cause a greater or less length of the paper to descend 
between each movement of the knife carriage. ^ i ^ 

Tlie gn>ove of this pulley k, which is susceptible of enhii^emenb is constructed of 
wedgi*-forniod block.**, passctl tiirough its sides, and meeting each other in opposite di- 
rections, so tluit on drawing out the wedges a short distance, ^e diameter of the pulley 
becomes diminislittd ; or by pushing tlu* wedges further in, the diameter is merged ; 
and a tension wheel, p, being suspended in a weighted frame, keeps the band always 
tight. 
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A« k is aecesswty that the paper should not continue descending: u hile it is held hy 
the blodu^ mm, to he cut, and yet that it should ho led on prog:ressiTely over the knife 
Itdler, <l,Uie fourth roller, , 9 ^ which hangs in a lever,,?, is made to rise at that time, so 
as to titke up the length of paper delivered, and to descend again when the paper is 
withdrawn. This is effected by a rod, r, connected to the crank on the shaft of the 
Skforesaid roller k, and also to the under part of the lever. which lever hanging loosely 
upon the axle of the knife-roller rf, as its fulcrum, vibrates with the under-roller, so 
as to the object in the way described. 

The patentee states that several individual parts of this machine arc not new, and 
that some of them are to be found included in the Specifications ol other persons, such 
as the eircular cutters r, which are employed by Mr. Dickinson (CABD-ermNo), and 
the horuKNQtal cutter A, by Mr. Hansard ; he therefore claims only the general arrange- 
ment of the parts in the form of a machine for the purpose of cutting paper, as the 
BU^ect of his invention. 

The machine for cutting paper contrived by Mr. John Dickinson, of Nash Mills, 
was patented in January 1829. The paper is wound upon a cylindrical roller, a, 
fig. 1688, mounted upon an axle, supported in an iron frame or standard. From this 



roller the paper in its breadth is extended over n conducting drum h. also mounted 
upon an axle turning in the frame or standard, and after }>assing undc-r a small guide 
roller, it proceeds tlurough a pair of drawing or feeiling rollers, c, which cirry it into 
the cutting machine. 

Upon a table rf, firmly fixed to the floor of tlo' building, there is a scries of chisel- 
edged knives, r, e, placed at such distances apart as t he dimensions of the cut sheets 
of paper are intended to be. The.se knives are mad<* fast to the t^ible. and jigainst. 
them a series of circular cutters /./, f.f. mounted in a sw inging frame /?, <7, are intended 
to act. The length of paper being brought along the taldc over the edges ol tlie 
knives up to a stop. h. the cutters are then swung forwards, and by passing ovi r the 
paper against the stationarj' knives, the length of }»aptT becomes cut ini'» three separate 
sheoto. 

The friime which carries the circular cutters/, f. f.J. hangs uj>on a very elevated 
axle, in order that its pendulous swing may move tlie cutt ers as nearly in a norizontil 
line as possible ,* and it is made to vibrate to and fro l>y an exeentrie, or crank. fiA<-d 
upon a horizontal rotatory sliaft extending over the drnui h, considerably above it, 
wnieh may be driven by any convenient machinery . 

The workmen draw the paper from lietween the roller.^, c, and bring it up to the 
•top A in the intervals b^ween the passing to ami fr<i of tite swing-t uliers. 

The following very ingenious apparatus for ciitting the paynT web transver.sely into 
any dorired lengths, was made the subject of a paUnt by Mr. K. N. Fourdrinicr, in 
June 1881, and has since been performing its duty well in many ebtablishint nt.^. 

1689 is an elevation, taken upon one side of tlie machine ; and jig. JbIM) .i 
longitutynsl section. are four reels, each covered with one contiiiuou.s bliei t 

of psfisr ; whidi reels are supported upon bearings in the fmmework A, h, h. r, r, r, 
is so endlew web of felt-cloth passed over the rollers d, d, d. which is kept in ch)^e 
contact with the under side of the drum c, e, seen best in fig. 1590. 

The sevemlpmllel layers of paper to cut, being passMl between the drum, (\ and 
the endless felts; will be drawn iff their respective reels, and fed into the machine, 
whenerw the diiviag-baDd is slid from the loose to the fast pulley upon the end of the 
main shaft/ ]^t sines the progressive advance of the pu}>er webs must be iirrestod 
d urisg tfas time of mskiw^ the cross cut tfarough it, the following a]>paratu.s bu-omes 
WJiitty A disc, g, which carries the pin or stud of a crank, i, is made fast to the 
J*d eftoe driving shsit/. This pin is set in an adjustable sliding piece, which may 
g emined 1^ a aem within the bevelled grsdtkated groove, upon the face of the 
y oy> st Tsrisble distsnees from the axis, whereby the excentricity of the stud t, and 
Wf towrie the throw of the crank, may be considerably varied. The crank stud, 1 , ii 
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connected by its rody, to the swinging curvilinear rack k, which takes into the toothed 
wheel /, that turns freely upon the axle of the fcod-drum e, e. From that wheel the 
arms, m rise, and bear 
one or more palls, «, which 
work in the teeth of the 

great ratchet-wheel o o, n k 

mounted upon the shaft of 

The crank-plate g being 
driven round in the diroc- 

tion of its arrow, will com- 1 c ' ^ 

municate a see-snw move- \ \ \ kv' 

ment to the toothed arc k, 

next to llie toothed wheel [ -Z!il:L!^ — krL- 

/, in gearing with it, nnd V ‘•y -. - 1 , , h J 

an oscillatory motion to ||-; - A 

the arms 7n m, as also to 

their surmounting pall ?/. ‘ 

In its swing to the loft j 

hand, the catch of the pall 1 Ilj j 

will slide over the slope "* J r 

of til 0 tec't h of the ratchet- j y >. 

wlieel o ; but in its return _ l^iL ndl 

b) the right hand, it will 


lay hold of these teeth, 
and tmll tliem, with tlndr 
attaehod drum, round a 
])Hrt of a revolution, 'fho 
I'lyers of j)aper in close 
e<Mitact wiUi the undep 
half of the drum will be 
tliiiH drawn fonvanl ar. 
intervals, from the reels, 
]ty the friction between its 
surface and the enilless 
felt, and in lengths corre- 
sjxiiiding to the arc of 
vibration of thojwill. The 
knife for cutting these 
lengths triinsvt rs(*ly is 
l-rought into aeticjii at the 
time when the swingare is 
making its inactive stroke?, 
viz. when it is sliding to 



llu' left over the slopes 

of the« ratchet -teetlw^ The extent (jf this vibration varies according to the distance 


of the cnink stud /, from the centre, /, of the plate g, because that dist-ance regulates 
t!ui extent of the oseilUitions of the curvilinear rack, and that of the rotation of the 


drum r, by which the jjaper is fed forwards to the knife appiratus. The proper 
letiglii of its sevt?ral layers being by the above-described mechanism carrif?d forward 
ovt r the bud, r, of the cutting knife or shears r, c, whose under blade, r, is fixed, the 
wiper .s, in its revolution witli the shaft/, lifts the tail of the lover t, consequently 
depresses the transverse moveable bla<le e(as shown in /</. 1591), and slides the slant- 
ing blades across each other obliquely, like a pair of scissors, so a.s to cause a clean 
cut across the plies of piii>er. Hut just before the shears begin to ofaTate. the trans- 
verso board, w, deseeinls to press the paper w'ith its edge, and hold it fast upon the 
bed r. During the action of the upper blade v, against the under r, tlie fall board u 
is suspended by a corl passing across pulleys from the arm g of the bell-crank lever 
f, t. Whenever the lifter cam, rf, has passed away from the tail of the boll-crank 
the Weight s, hung upon it, will cause the blade v and the pinching board «, to bo 
moved up out of the uay of the next lengtli of paper, which is regularly brought 
forwanl l>y the rouilion of the drum c, as above described. The upper blade of the 
shitars is not set parallel to the shaft of tlie drum, but obliquely to it, and is, more- 
over, somewhat cur\'etl, so as to close its edge progressively upon that of the Hxed 
blade. The blade v may also be set between two guide pieces, and have the necessary 
motion given to ii by levers. 

FAFam-BAMOnrM, called more properly by the French, pa^nen feinU, The 
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Mt ^ maldiig mper-hangings has been copied from the Chinese, among W'hom 
itliw beeD metised from time immemorial. The English first imported and began 
to imitate tbe Chinese paper-hangings; but being long exposed to a high Excise 
duty upon the manafactare, thw have only \recentl.y carried it to that extent and 
degiee of refinement which the French have been enabled to do, unchecked by taxa- 
tion. The first meUiod of making this paper was stencilling ; by laying upon it, 
in an extended state, a piece of pasteboard having spaces cut out of various figured 
devioee, And applying difibrent water-colours with tlie brush. Another piece of 
pasteboard, witii other patterns cut out, was next applied, when tlie former figures 
were dry, and new designs were thus imj«irted. By a series of such operations, a 
tolerable pattern was executed, but with no little labour and expense. Tlie processes 
of the calico-printer were next resorted to, in which engraved blocks, of the pear f»r 
lycamore, were employed to impress the coloured designs. 

Paper-hangings may be distinguished into two clas.ses: 1, those whicli are really 
painted, and which are designed in France under the title of papiers with 

brilliant flowers and figures ; and 2, those in which the designs are formed by foreign 
matters applied to the paper, under the name of papier iontissc, or flock paper. 

The operations common to paper-hangings of both kinds may be stat ed us follow : — 

1. The paper should be well sized. 

2. The ed^s should be evenly cut by an apparatus like the bookbinder’s press. 

3 . The ends of each of the 24 sheets which form a piece should bo nicely pn.st( 1 
together ; or a web of paper should be taken. 

4 . Laying the grounds is done with earthy colours of coloured lakes thickened with 
size, ana applied with brushes. 

An expert workman, with one or two children, can lay the grounds of 300 pieces 
in a day. The pieces are now suspended upon polos near the ceiling, in order u> bo 
dried. They were then rolled up and carried to the apartment where they are jw)- 
lished, by being laid upon a smooth table, wdih the ]»;iinted side undermost, and rubbed 
with the polisher. Pieces intended to be satined are grounded with fine Paris plaster, 
instead of Spanish white ; and are not smootlied with a brass polisher, but witli a 
hard brush attached to the lower end of a swing polishing rod. Alter s}>readiiig 
the piece upon the table with the grtmndod sid.o iiiidernifjsl, the ])ajKT'Staiiier dusts 
the upper surface with finely-powdered chalk of liriaia^-oii, commonly called talc, or 
with China clay, and rubs it strongly with the brush. In this way the satiny lustre 
is produced. 

The printing operations are as follow : — 

Blocks about two inches thick, formed of three separate boards glued togetlicr, of 
which two are made of poplar, and one (that whicli is <‘ngraved) of potir-tree or syca- 
more^ are used for printing paper-hangings, as for calicoe.s. The grain of the upper 
layer of wood should be laid aemss that of the layer below. As iminy blocks are re- 
quired as there ore colours and shades of colour. To make the figure of a ro.se, for 
example, three several reds must be aj/plied in succession, the one dee[>er than the 
(Aher, a white for the clear spaces, two and sometimes three greens for the leaves, and 
two wood colours for the stems ; altogether from y to 12 for a rose. Each block 
carriee amall pin-points fixed at its corners to guide the workman in the in.seriioii of 
the figure exactly in its place. An expert hand places these guide pins so that their 
maiks are covert and concealed by the impression of the next block ; an«i the 
fijuehed piece shows merely those belonging to the first and lust blocks. 

lu printing, the workman employs the same h-wimming-tuh appjiratus whicli lias been 
deecrumd under block-printing (see Ca-lico-Pbintiug), takes off the colour upon his 
blofidca, aud impresses them on the paper extended upon a table in the very same way. 
The tub in which the drum or frame covered with calf-skin is inverted contains 
•imp^ water thideened with oarings of jmper from the bookbinder, instead of the 
past^ mixture employed by tne calico-printers. In imprcs.sing the colour by the 
oloeK upon the paper, he employs a lever of the secmid kind, U) increase the i>ow< r 
of his arm, makilig it act upon the block through the intervention of a piece of wood, 
Aapeii like the bridge of a violin. The tool is called tasseau by the French. A 
child is constaiitlT occupied in spending colour with a brush upon the calf-skin hciid 
of the drum or siere, and in sliding off the paper upon a wooden trestle or horse, iii 
propoitm as H Is finished. When the piece has received one set of coloured impres- 
the workman, assisted by his little aid, called a drawer, hooks it upon the 
diying poles uuder the ceiling. A sufficient number of pieces should be providi^l to 
ttie printer occupied during the whole at least of one day, so that they will be 
ana rsad^ to leosiTe an^er set of coloured impres.sion8 by the followdrig 

ooloufs are applied in the same manner, ever}* shade being formed by means 
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of the Mocks, which determine all the beanty and regularity of the design. A pattern 
drawer of taste may produce a very beautiful effect. 

When the piece is completely printed, the workman looks it all over, and if there 
be any defects, he corrects them by the brush or pencil, applying first the correction 
of one colour, and afterwards of the rest. 

A final satining, after the colours are dried, is communicated by the friction of a 
finely-polished brass roller, attached by its end gudgeons to the lower extremity of 
a long swing frame ; and acting along the cylindrical surface of a smooth table, upon 
which the paper is spread. 

fondu or rainbow style of paper-hangings is produced by means of an assort- 
ment of oblong narrow tin pans, fixed in a frame, close side to side, each being 
about 1 inch wide, 2 inches deep, and 8 inches long ; the colours of the prismatic 
spectrum, red, orange, yellow, green, &c., are p\it in a liquid state, successively in 
these pans ; so that when the oblong brush a, b {jig. 1692), with giiitlo ledges, a, c, h, 
is dipped into them across the whole of the parallel row at once, it comes out 
impressed with the different colours at successive points, 

€, e, (\ e, of its length, and is then drawn by the paper-stainer over 
the face of the woollen drum-head, or sieve of the swimming 
tub, upon which it loaves a corresponding series of stripes in 
colours, graduating into one another like those of the prismatic 
spectrum. liy applying his block to the tear, tlie workman takes up the colour in 
rainbow hues, and transfers these to the paper. /,/ /,/, show the separate brushes in 
tin sheaths, set in one fmme. 

The operations employed for common paper-hangings are also used for making 
flock paper, only a stronger size is necessary for the ground. The flocks are ob- 
tained from the woo lien -cloth manufacturers, being cut off by their shearing machines, 
called lewises by the English workmen, and are preferred in a white sUito by the 
French paper-hanging makers, who scour them well, and dye them of the proper 
colours themselves. When they arc thoroughly stove-dried, they arc put into a conical 
fluted mill, like that for making snuff, and are properly ground. The powder thus 
obtained is aflerw’ards sifted l)y a bolting machine, like that of a flour-mill, wdiereby 
flocks of different degrees t>f fineness are produced. These are applied to the 
jiiijHT after it has undergone all the usual printing operations. Upon the workman’s 
left hand, and in a line with his printing table, a large chest i.s placed for receiving 
the flock powders: it is 7 or 8 feet long, 2 feet wide at the bottom, 3,^ feet at top, 
and from 16 to 18 inchtfs deep. It ha.s a liingodlid. Its bottom is made of tense 
calf-skin. This chest is called the drum ; it rests upon four strong feet, so as to 
stand from 24 to 28 indies above the floor. 

The blfx.’k Avhich serves to apply the adhesive basis of the vijlvet powders, bears in 
relief only the pattern corresponding to that I'u.sis. wliicli is 1'ormod with linseed oil, 
j’t'iulercd drying by being lioiled witii litharge, and afterwards ground up with white 
lead. I'he Workmen call this the rucaKstic. It is put upon tiiu cloth which covt*rs 
the inverted swimming tub, in the same way as the common colours are, and is 
spivad with a brush. The workman ilaubs the bhH’ks upon the (ju'uu.dic. spreads 
till* pigmeut even W’itli a kind of brush, and then applies it by imj^ression to the paper. 
\N’henever u sufficient surface of the }>a|X5r has been thus covered, the ehihl draw> it 
along into the great chest, sprinkling the fl(x*k |K>wder over it with his hands ; and 
wlieii a length of 7 feet is printed, ho covers it up within the drum, aiul beats upon 
tile calf-skin bottom with a couple of rods to raise a cloud of flock inside, and to 
make it cover the prepared portion of the paper uniformly, lie now lifts tlie lid of 
the chest, inverts the paper, and beats it back lightly, in order to detach all the loo>e 
jmrticles of the woolly jxjw der. 

J>y the opemliou just dc.scribetl, the velvet down being ap})licd everywJiere of tlit? 
same colour, would nut be agreeable to the eye, if shades could not bo introduced to 
relieve the pattern. I'or this }»uri>ose, when tlie piei*e is perfectly dry, the workman 
stretches it u{x»u his table, and by the guidance of the pins in his blocks, he applies to 
the flock surface a colour in distemper, of a lieop tint, suited to the intendeel shades, 
so Uiat he dyes the wool in its jdace. Light slnulcb are produced by applying sumo 
of liis lighter water-colours. 

old-leaf is applied u]>oii the above munlaut, when nearly dry; which then forms 
a proper gold size; and the wiino method of application i.s resorted to ns for the ordi- 
nary gilding of wood. When the size has become perfectly hard, the superfluous 
gold-leaf is brushed off with a dossil of cotton-wool or fine linen. 

'J’he colours used by the paper-hangers are the following: — 

1, WTdies, — Those are eitlier white lead, g«>od whitening, or a mixture of he two. 

2. These art* frequently vegetable extracts; as those of weld, or of 
Aviguoa or Persian berries, and are luadc by boiling the substances with water. 


1692 
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Chmw yoUow ii also fjrequontly used, as well ns llu' terra di Sienna and yellow 

ochre. 

3« iMf aie almost endiuiTely decoctions of Brazil-wood. 

4. RhfSt are either Frassian blue or blue rerditcr. 

5. Ormu are : Scheele’s green, a combination of arsenious acid and oxide of 
eomp&t ; the green of SchweiiSurth, or green rerditer ; as also a mixture of blues niul 
yellavs. The nee of arsenic in paper-hangings has of late (1859) been the subject of 
mnah diaonssion, and many a^uid statements have been made respecting its injurious 

eflb^. See Absinic. 

It has been suggested by Piesse that paper variously coloured in the pnlji niny have 
design printed upon them after the same manner as calicos arc printed, sonu t imes by 
a dkehaxge-mordant, or by chemical reagents applied by an engraved roller, so ns to 

modify the oedour of the pulp. 

6. Violets are |)roducea by a mixture of a blue and red in various proportions, or 
they may be ohtajned directly by mixing a decoction of logwood witli alum. 

7» Broume, BlackSj and Greys . — Umber furnishes the brown tints. Blacks mv 
either oommon ivory- or Frankfort black; and greys are formed by mixture of Prus- 
aian blue and Spanish white. 

All the colours are rendered adhesive and consistent by being worked up wit h 
gelatinous size or a weak solution of glue, liquefied in a ketric. 31any of the colours 
are pperiously thickened, however with eUirch. Sometimes coloured lakes are employed. 

fPAlPm, ZVSBSJQiXiB CBBQUZ. The facility with which ordinnn’-writtcii 
characters can be expunged from pap'r by chemical bleacliing-liquids. .acids, and 
alkalis, has led to the adoption by bankers, for their cheques and drafts, of papeis 
which present obstacles to the fraudulent alteration of llie amount .and intent of tliesc 
documents. 

Instances of this description of forger}* have occasionally occurr^ni. In the spring 
of 1869 a cheque was )>aid at a branch of the Bank of iCngland in wliich botli lljc 
amount had been altered and the crossing extraclKi ]>y chemic.al me.ans. 

In 1822 William Bobson patented a m**thfKl of securi?jg bankers’ cheques by 
printing upon their surface vegetable colours equally fuLotive wiili common writing-ink. 

This method, and its extciL‘<ion to the timing ot wrlting-j-.pers in tlie pulp, has 
lieen generally adopted by bankers. Tho.se pajx.Ts wliieh exhibit tlie iK-Hcction of 
Kobson's principle are limited in practice almost exclusively t(» certaiii tints obtained 
from logwood. 

Mr. Baildon’s paper i.s a tinted one. from which the colour is rm;i»»ved. ’I’iie 
patentee states that he ofte.rs ahsolutv integrity and sfcuriry intiu aiit ration for;,r y 
document once issued; and this is ootained by a fluid or ink, which, when used, 
becomes, in fact, a permanent dye. different from any inks yet intrmluced for this 
pnrpoee, which are piymenis. The least attempt to tamjar with the ink or iiapt^r is 
UUtantly detected by a d-ark stain in the paper, wliich can 'never in rnnoved. 

Af aariyas 1817 Gabriel Tigere patented a melho<J of manufacturing * uri ting- 
paper ftom which it would be extremely difficult, if not impossible, afit-rvards to 
exteet or discharge any writing from such pa|»er.* Tliis paper was imjircgri.iied 
during the sizing process with the ferrocyanide of potassium. 

Mr. William Stone’s patent, 1851, was an effort to supply the deficiencies of tliis 
method. He added a solution of cyanide of poUssium and starch to the Ibrro- or 
ferridqiranide of potassium. This method has Injen fully carried out into practice, 
but it fhiled to give the complete security desired. The chemical defects of Tigen ’s 
m^od may be stated thw Although admirable in the protection it aflbrds again.st 
tha ^iplication of acids, it is powerless to resist the bleaching-jjowers of i.uch .*^ub- 
staaeaa as oommon chloride of lime (bleaching -powder) in solution ; nnd the ink may 
alao ba romorad by the applioatkm of either of the caustic alkalis. Jil meiliotl, 

ahhougii by the applicataon of blaaching agents containing ciilorint tlie r is 
fitaiiiad by tiia blue compound termed the iodide of surch, thi.s i.s nmowd again by 
the a^pU^Uion of an alkali. 

The Linen Company Bank of Scotland employ j^een -coloured c}ieque-i«ii>er, on 
witieh the eum drawn is written for with a discharge- ink. 

In 1887 David Stavenaon patented the manufacture of a f>;ij)cr which he sjiecified 
aa coBUiniDg *a aotution of manganese, mixed with a solution of prussiaie of potassa 
in a liquid form, and mixed with the pulp whereof the writing-paper is to be made.’ 

In June 1869, Xr. Robert Barclay patented a process of manufacturing a white 
writing-paper, on which writing-ink is stated to be unalteruble for fraudulent pur- 
poaea by any exiitiiig chemical process. He incorporates in the paper an insoluble 
f^vtmyanide and an inaoluble autof mau^ncose, and provides against the diseolor.-t- 
m the in the airing prooesa (which has Wn a serious objection in practice 
ll liia om or taa taoeyamde of potasrium) by discarding the use of alum, and airing 
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the paper by the acetate of alumina in lieu of it. This paper was examined by 
Professor Brando of the Mint, Professor Miller of King’s College, and Mr. E. War- 
rington of Apothecaries’ Hall, who reported favourably on the invention. Writing 
pbictnl upon this paper strengthens in intensity when exposed to damp, sea, air, or 
water : influences which ordinarily cause common writing-ink to fade and become 
illegible. 

Dr. Hodges of Belfast, and some others have patented chemically-prepared papers for 
the use of bankers ; but, as far as our enquiries have gone, most bankers appear to 
think they are already sufficiently secured by the known methods of engraving and 
printing. 

VAPSR, MAJrm* ACTUM OF. It is much to be regretted that in tracing 
tile origin of so curious an art ns that of tlie manufacture of modern paper, any defi- 
nite conclusion as to the precise time or period of its adoption should hitherto have 
provcxl altogother unatUii liable. The Royal Society of Sciences at Gottingen, in 1765 
and 1763, offered considerable premiums for that especial object, but unfortunately 
all researches, however directed, were utterly fruitless. The most ancient manuscript 
on rot f on paper appears to have been W’ritten in 1050, while Eustathius, who wrote 
towards the end of the 12th century, states that the Egyptian papyrus had gone into 
disuse but a little iHifore his time. To reconcile, however, in some measure, contra- 
dictory accounts, it may be observed that, on some particular occasions, and by some 
particular persons, the Egyptian paper might have been employed for several hundred 
Vfurs after it ceased to be in general use ; and it is quite certain, that although tlie 
new invention must have provutl of great advantage to mankind, it could only have 
Im cu intnaiuced ly degrees. Amongst the records which are now preserved in the Re- 
conl Offict', will found a letter addreised to Henry III., nnil written previously to 
1222. which appears to be upon strong ptper, of mixed materials. Several letters of 
tlie following reign, which are there preserved, are evidently written on cotton paper. 
Were we abie to (lelermiiif the precise time when piiper was first made from cotton, 
we hliould als,» be cnabltHl to fix the invention of the art of paper- making as it is now 
j'rjiclist'd ; for the application of cotton to the purposes of paper-making requires 
almost as niui’h labour and ingenuity as the use of linen rugs. .Some have conceived, 
and probably with surticient reason, that China originally gave birth to the inven- 
tion. Certain il is. that the art of making paper from vegetable matter reduced to 
pulp was kiiuwn and undersUsxi there long before it was practised in Europe, and the 
Ciiine.'M.i have carried it to a high degree of perfection. Several kinds of their paper 
evince the greatest art and ingenuity, and are applied with much advantage to many 
jairposes. One esj^a-cially. manufactured from the inner bark of the baml*oo, is par- 
licuUrly ctb'l»rated fur affiirdirig tiie clearest and most delicate impressions from 
copj>er- plates, wliicli are ordinarily termed India proof a. The C'hineso, however, 
make papt^r of various kinds, some of the bark of trees, especially the mulberry- 
ine ami the elm, l<ut chictiy of the bamboo and cotton-lree ; and occasionally from 
other substances, such as heni|t, wheat-, or rice-straw. 'I'o give an idea of the manner 
ol fabricating juiper from these different subsUiuces, it W'ill suffice (the proi'css being 
nearly the same in each) to confine our observations to the method adopted in the 
manufacture of paj)t*r from the bamboo — a kind of cane or hollow rvjed, divided by 
knots, but larger, more elastic, and more dunibie tlian any other reed. 'I'ho whole 
svibsUince of the l*amljoo is at times t'inployw.1 by the Chinese in this operation, but 
tia younger stalks are prefernd. Thu canes, being first cut into pieces of four or 
tivf feet in liiigtii, are nia<lo into parcels, and thrown into a reservoir of mud and 
water for about a fortnight, to soften them ; they are then taken out, and carefully 
washed, every one of the pieces being again cut into filaments, which are oxposevl to 
the rays of the sun to dry, and to Idoiudi. After tliis they are boiled in largo kettles, 
and then reduced to pulp in mortars, by means of a hammer with a long handle ; or 
as is luorti commonly the case, by submitting llic mass to the action of stampers, 
ruiseil in the usual way by cogs on a revolving axis. The pulp being thus far pre- 
pared, a glutinous substance extracted from the slioots of a certain plant is next 
mixed with it in slateil quantities, and njKm this mixture chiefiy depends the quality 
of the paper. 

As soon US this has Liikt^n place the whole is again beaten together until it loonies 
a thick viscous liquor, whndi, alter being rei.luced to an essential state of consistency, 
by a further admixture of water, is then transferred to a large reservoir or vat, having 
on each side of it a drying stove, in the form of a ridge ol a house, that is, consisting 
of two sloping sides touching at tup. These sides are covered externally with an 
exceedingly smooth coating of stucco, and a fiue pisses through the brickwork, ao aa 
to keep 3re whole of each side equully and moderately warm. A vat and a stove are 
placed alternately in the manufactory, so that tliere are two sides of two different 
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iltffit acHMOKt to oteh ynt. The workman dips his mould, which is sometimes formed 
mmdf of bttlntsheft out in xiarrow strips, and mounted in a frame, into the rat-, and 
l^ian ittlMi it out again, the water passing off through the perforations iu the bottom, 
and tiM paper-at^ remaining on its surface. The frame of the mould is then 
liMOTOd, and the bottom is pressed against th(‘ sides of one of the stoves, so as to 
ttafce the sheet of paper adhere to its surface, and allow the sieve (as it were) to bo 
widldfavii. The momture, of course, speedily evaporates by the warmth of the stove, 
hut hifoie the paper is quite dry, it is brushed over on its outer surface with a size 
of rioe, wmw also soon dries, and the paper is then stripped off iu a finished 
atete^ haying one surface exquisitely smooth, it being seldom the practice of the 
Ohinaae to write or print on both sides of the paper. While all this is taking place, 
^ moulder has made a second sheet, and pressed it agjiinst the side of the other 
store, where it undergoes the operation of sizing and drying, precisely ns iu the 


lliat Tory delicate material, which is brought from China in pieces only a few 
indies square, and commonly, but erroneously, termed rice pajtcr, is in reality Imt 
the pitli of the Aralia papyrifera, obtained by cutting the stem spirally round 
the axis, and afterwards fiattening it by pressure. Tiiat it is not an artificial 
production may reiy readily be perceived by contrasting one of the more trans- 
fnoent specimens with a piece of the finest manufactured piper, by the aid of the 
microscope. 

The precise period at which the manufiicture of paper was first inlroduco<] into 
Emope appears to be rather a matter of uncertainty. I’aper-niills, moved by Muter- 
power, were in operation in Tuscany at the commeneeraenf of the fourteenth century ; 
and at Nuremberg, in Germany, one was estiibiished in 1390, by riman Stroincr, 
who wrote the first work ever published on the art of paper-making. He seems to 
have employed a great number of persons, all of whom were obliged to lake an oatJi 
that they would not teach any one the art of paj^ier-making, or make it on their own 
account. In the following year, when anxious to increase the means of its produc- 
tion, bo met with such strong opposition from those he employed, who would mu. 
consent to any enlargement of the mill, that it bK^aniu at K iigih ri'qui.'^ite to bring 
them before the magistrates, by whom they were imprisoned, after wliich they sub- 
mitted by renewing their oaths. Two or three centuries later, we find the Huieli, in 
like manner, so extremely jealous with respect to the manufacture, as to j)roliibil the 
exportation of moulds, under no less severe a Y>enalty than lliat of death. 

with reference to any particular time or place at whieli this inestimable invention 
WM first adopted in England, all researches into existing records contribute little to 
onr assistance. The first paper-mill erected here is commonly attributed to Sir John 
Sjnelinan, a German, who established one in 1588, at Dartford, for whicii the iioiumr 
of knighthood was afterwards conferred upon him by Queen Elizabeth, who mm also 
pleased to grant him a licence ‘for the solo gathering for ton years of all rags, &i'., 
necessary for the making of such paper.’ It is, however, quite certain lliat papi r- 
wjHla were in existence here long l>efore Spielman's time. Sliakspoare, in the Second 
PXrt of Henry the Sixth, the plot of w'hich appears laid at least a century pi\- 
vuHuAjf refers to a paper-mill. In fact, he introduces it as an additional weight 
to the ehaige which Jack Cade is made to bring against Ix)rd >Say ; * Thou hast mo^l 
traitoroluly corrupted,’ says he, Hhe youth of the realm in erecting a grammar 
school : aaa whereas, before, our forefathers had no other books but the score aiid the 
tolly, thou hast caused printing to be used, and, contrary to the king, his crown and 
thou hast built a mper-mill.’ 

Tlis ssrtiest trace of the manufacture in this country occurs in a book printed by 
sboot the year 1490, in which it is said of John Tate— 

Which late bathe in England doo make ihya paper th.vnnc, 

That now iu onr Englyisb thys booke is printed iiua 

His toSa WM ritaate at or near Stevenage, in Hertfordshire, and tlmt it was con- 
sidetsd worthy of espial notice is evident from an entry made in Henry the 
Ssvinih’s Household Hook, on May 25, 1498 — ‘For a rowarde geven at the pnper- 

1409~‘ Geven in rewardo to Tate of the mylne, 

fis. id: 

Still, it xpfNMrs fiu* low probable that Shakspeare alluded to tliis mill, although 
•itojbhiiiisd jb m pwfad oorrMponding in many respects with that of occurrences re- 
hmitoin emiMatiem, than to that of Sir John Spielman’s, which, standing as it did 
in ^ immsdiato oeif^ibonrhood of Jack Cade’s rebellion, and being esteemed so 
littmtoat at ths time aa to call forth the marked patronage of Queen Elizabeth ; 
wfila Mtoat of the operations carried on there, if we may ju^e from the 
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remarks of a poet of the time, were equally calculated to arouse undivided national 
interest ; one can hardly help thinking, that the prominence to which Shakspeare 
assigns the existence of a paper-mill, coupled, as such allusion is, with an acknow- 
ledged liberty, inherent in him, of transposing events, to add force to his style, as also 
w'ilii very considerable doubt as to the exact year in which he wrote the play, that 
the reference made was to none other than that of Sir John Spielman’s establishment 
of 1588, concerning which we find it said — 

‘Blx hundred men are get to work by him, 

That else mi^ht starve or seek abroad their bread, 

Who now live well, and go full brave and trim, 

And who may boast they are with paper fed.’ 

Bo tlie introduction or establishment of the invention, so far as this country is con- 
cerned, when it may, little progress appears to have resulted therefrom, even so late 
as the middle of the soventeehtli century. In 1C95, a company was formed in 
{Scotland ‘for manufacturing white writing and printing paper,’ relating to whicli, 
‘Articles concluded and agreed upon at a general meeting at Edinburgh, the lOtii 
day of August,’ in the same year, may still be seen Ity those who are sufficiently 
curious in the library of the British Museum. It is also recorded in the ‘Craftsman’ 
(DIO), Uiat William the Third granted the Huguenots refuged in England a patent 
for establishing piper-manufactories, and that Parliament likewise granted to them 
other privileges, amongst which, in all probability, that very unsatisfactory practice 
of putting up each ream with two quires composed entirely of sheets spoiled in course 
of production. Their underUking, however, like that of many others, appears to 
have met with very little success. 

In fact, tile making of paper here sciircely reached any high degree of perfection 
until about 1760-5, at which period the celebrated James Whatman estiibUshed his 
reputation at Maidstone. 

The lieport of the Juries of the Great Exliibition of 1851 contains an unfor- 
tunate error with reference to the position of Mr. Whatman at that time. It 
is there stated that ho gained his knowledge of the manufacture prior to estab- 
lishing these well-known mills, ‘ by working as a journeyman in most of the 
principil ^Kiper inainifactories of the Continent,’ ivhich is altogether an erroneous 
asstTLion ; fur Mr. AV liatnian, ]Toviously to his being engaged as a manufacturer, 
was an officer in llur Kent Militia, and acquired the information, which eventually 
rendered him so successful, by travelling in the suite of the British Ambassador 
to Holland, where the bust jiapers were then made, and the insight thus obtained 
enabied his genius to cflect the great improvements afterwards so universally ad- 
mitted. 

At the present time, 'VVTiatman’s p^ipers are manufactured at two mills, tobilly 
distinct, both of which are still w'orked by the descendants of Mr. Wliatman’s suc- 
cessors ; the paper in the one case being readily distinguished by the w’ater-mark, 
‘ J. Whatman, Turkey Mill,’ and in the other, by the water-mark simply ‘ J. What- 
man,’ but bearing upon the upper ivrapper of each ream the original and well-known 
stamp, containing the initials L. V. G., which are those of L. V. Gerrevink, as celo- 
bruted a Hutch manufacturer prior to Mr. Whatman’s improvements as Mr. What- 
iiiau's name has since become in all pirts of the world. 

The comparatively recent application of continuous or rotatory motion has effected 
ivoiiderful results in the singular conversion of pulp into paper. 

The largest paper now made by hand, wdiich is termed Antiquarian, measures 53 
inches by 31, and so great is the weight of liquid pulp employed in the formation of a 
single blieet, that no fewer than nine men are retjuired, besides additional assistance, 
in raising the mould out of the vat by moans of pulleys ; while l»y the aid of the 
pajKT machine, the most perfect production may be ensured, of a continuous length, 
and eight feet wide, without any positive necessity for personal superintendence. As 
a?) evidence of the enormous length of ptvper sometimes produced, two rolls were 
exhibited in 1851, one of which measured 750 yarvls, and tlie other 2,400 yards in 
length. 

The principle of piiper-makiug by niachinory is simply this : instead of employing 
moulds and felts of limited dimensions, as was origin^ly the practice, the peculiar 
merit of tlio invention consists in the ailaptation of an endless wire-gatuse to receive 
the paper-pulp, and again an endless felt, to wliich in progress the paper is trans- 
ferred ; and thus by a marvellously delicate adjustment, while the wire at one end 
receives but a constant fiow of liquid pulp, in tlie course of two or three minutes the 
finished fabric is carefully wound on a roller at the other extremity. 

It is a fact, which certainly deserves to be noticed for its singularity as well us for 
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the itcong ^int of view in whidi it places the merits of this invention, that an art of 
each great importance to society as that of the manufacture of paper, should have 
remained for at least eight centuries since paper is first believed to liave been in use, 
and that upwards of 200 of those years should have elapsed since its first introduction 
into England, without any mechanical improvement whatever ns regards the pro- 
oesses which were then employ^. It is true, that various attempts from time to 
time were made, but in every instance they appwr to have met with very little 
tuocem. In Fronce, an ingenious artist (Monsieur Montgolfier) contrived throe 
figures in wood to do the work of the vatmun, the coucher, and the layer ; but, after 
peneveriog for six months, and incurring considerable expense, he wf\s at length 
compelled to abandon his scheme. And although paper was previously manufactured 
in China, in Persia, and indeed throughout all Asia, sometimes t>f considerable 
langth, it was so, not by machinery, but l)y means of a mould of tho size of the 
paper intended to be made, suspended like a swing, and having men placc^ at 
the distance of about every four feet, for the purpose of producing an uniform 
shaking motion, after the mould had been immersed in the vat, in order to conipiict 
the pulp. 

Such, then, was tlie rude state of this important manufacture, oven up to the com- 
mencement of the present century, when a small w'orking model of a continuous 
machine was introauced into this country from France l^y Mr. John Gamble, a 
brother-in-law to Monsieur Leger Didot, the proprietor at that time of the paper 
manufactory at Essonne. 

Tho individual to whose genius we owe that beautiful contrivance, which has since 
been adopted wherever the want which it was designed to remedy has been truly 
felt, and which has contributed in an eminent degree to the advancement of civili- 
sation, was an unassuming clerk in the esUiblishment of Monsieur Didot, named 
Louis Robert, who following his favourite pursuit of inventing and im]>roving. not un- 
frequently had to boar the reproach of wasting time on an invention that could never 
be brought to perfection. Fortunately, however, the patience and attention of this 
persevering man were at length sufficiently rewarded by the completion of a small 
model not larger than a bird organ, which enabled liini to produc** })a]>cr of a con- 
tinuous length although but the width of a piece of tape. So successful was lliis 
performance that his employer, instead of continuing to thwjirt his progress, was now 
induced to afford him the means of making a model ii]>on a larger scale, and in a few 
months a machine was com plot eil capable of making ])aper the width of Colond)ier 
(24 inches), for which the consumption in I'rancc was very groat. After a series of 
experiments and improvements, Jjfjuis Robert applied to the French Government for 
& p&tent OT brevet d'invdit ion, w'hich he obtjiiiied in 1700 fora term of fifteen years, 
and was awarded the sum of 8.000 fnincs ns a reward far Ids ingenuity. Tlie .Specili- 
cation of this patent is published in the soi'ond volume of tlie ‘ Brov« t.s d’lnventions 
Expires.’ Shortly afterwards, M. Didot purchased l.iOui.s Rfdn rt’s iiatent ;ind pape r- 
machine for 25,000 francs, to be paid by instalmonls : but not fulfilling his eiigage- 
ments, the latter commenced legal proceedings, and rect>vtTed ]K)sse8sion of his 
patent, by a decision dated June 23rd, 1801. Towardstheclo.se of the year 1800 
M. Didot proposed to his brother-in -law’, Mr. Gamble, that j)atonls should be t^iken out 
in England, and suggested that he being an Englishman, and holding a situation 
under the British Government, would in all probability accomplish it without much 
difficulty. To this proposition Mr. Gamble assenttd, and in the month of March 
1801 , he loft Paris for London, wliere, happily for the vigoroas developmi nt of this 
prefect, he obtained an introduction immediately ujKjn las arrival to one of the prin- 
cipal wholesale stationery houses in Great Britain — a firm of conbiderabk* opuleuci* 
and to those gentlemen he mentioned tlie nature and circumstance." of his vi.sit, at tlie 
same time showing them sevend rolls of the paper of great length, which had been 
made at Essonne by Louis Robert’s machine, and which induced them to take a share 
in the patent 

The firm alluded to was that ot the Messrs, Fourdrinier— a name which has indeed 
baoome alike famous and unfortunate— and this transiurtion it was which first con- 
nect them with the paper-machine. In the year 1801, Mr. GMinble n uinied to 
Paris, and concerted measures with Monsieur Leger Didot anti I.^uis Robert, to have 
the working model, which wm then at Essonne, sent over tr» England to assist in tho 
oonstmotioa of other machines ; and the following year M. Didot arriving in London, 
was iatfodueed by Mr. Gamble to the Messrs. Fourdrinier, when a series of oxperi- 
mento for impioviiig the machine was considered desirable and at once commenced. 
But in eeder to aoeomjpUsh the arduous object which those gentlemen then had in 
th^ laboured without intenuiMion for neaiiy six years, when, after incurring 
«n cipeass of 80,008/., which was borne exclusively by the Messrs. Four^inier, they 
•t iength SBoeeedsd in giriog iome farther organisation and connection to the 
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mechanical parts, for which they likewise obtained a patent, and finding erentuall] 
that there was little prospect of being recompensed for labour and risk, or evei 
reimbursed their expenses, unless Parliament should think proper to grant an exten 
sion of tlio patent, they determined upon making a fresh application to the Legislature 
tor that purpose. Ilut, it would appear that although in the Bill as it passed tin 
House of Commons, such prolonged period extended to fourteen years, in the Lordi 
it was limited to seven, with an understanding that such term should be extended b 
seven years more in the event of the patentees proving, upon a future application 
tliat they had not been sufficiently remunerated. No such application, however, wai 
niado, in consequence of a Standing Order of the House of Lor<ls, placed on thei 
Journals subsequently to the passing of the said act ; which regubation had the effec 
of depriving the Messrs. Fourdrinier of any benefit whatever from the invention 
and ultimately, so groat were the difficulties they had to encounter, and so little en 
eouragement or support did they receive, that the time and attention required t 
maMire this valuable invention, and the large capital which it absorbed, were th 
means of reducing those wealthy and liberal men to the humiliating condition c 
bankruptcy. 

In reverting strictly to the manufacture of paper, the nature of some of th 
materials employed first claim attention. Silks, woollens, flax, hemp, and cotton, ii 
all their varied forms, whether ns cambric, lace, linen, holland. fustian, corduro) 
bagging, canvas, or even as cables, are or can be used in the manufacture of paper o 
one kind or another. Still, rags, as of necessity they accumulate and are gatherer 
up by those who make it their business to collect them, are very far from answorinj 
the purposes of paper-making. Rags, to the paper-maker are almost as various i: 
point of quality or distiuction, as the materials which are sought after through th 
influence of fashion. Thus the paper-maker, in buying rags, requires to kno^ 
exactly of what the hulk is composed. If he is a manufacturer of white paper.s n 
matter whether intended for writing or printing, silk or woollen rags would bo foun< 
altogether useless, inasmuch as it is well known, the Ideach wall fail to act upon an; 
animal substance whatever. And although he may purchase even a mixture in prope 
proportions adapted for the quality ho i.s in the habit of supplying, it is as essential i 
the processes of preparation that they shall previously be sepiratod. Cotton in it 
r?i w state, as may bo readily conceived, requires far less preparation than a strong hempe 
fabric, and thus, to meet the requirements of the paper-maker, rags are classed unde 
different denominations, as for instance, YtCHidcfi Jiues iu\d seconds, there are thirds, whic 
are c^omiiosed of fustians, corduroy, and similar fabrics; stcmips or prints (as they ar 
termed by the ptiper-makcr), W'hich are coloured rags, and also innumerable foreig 
rags, distinguished by certain well-knowu murks, indicating their various peculiarities 
It might be mentioned, however, that althougii by far the greater portion of th 
niatt'rials emplo 3 ’od aro such as have alreiuiy been alludtd to, it is not from thei 
pos.sessing any exclusive suitableness — since varion.s fibrous vegetable substance 
liavt^ frequently been used, and arc indeed still successfully employed — but rather oi 
aci’ount of their comparatively trifling value, arising from the limited use to whicl 
tliey aro otlieiwiso applicable. 

To convey some idea of the number of substances which have been really tried; ii 
the library of the Briti.sh Museum may bo seen a book }>rinted in Low Dutch, containiiij 
upwanls of sixty specimens of pa{>er, made of diffi reut materials, the result of on 
man’s experiments ahrue, so far back us the year 1772. In fact, almost every specie 
of tough fibrous vegebible, and even animal subsUince, has at one time or anotlie 
been <uuployed : even the roots of trees, their bark, the bine of hops, tlie tendrils o 
the vino, the stalks of the nettle, the common thistle, the stem of the hollyhock, thi 
siigar-caue, cabbage-stalks, beet-root, wixMl-sliavings. sawdust, hay, straw, willow 
and tliO like. Stniw is frequently usetl in eonnection with other materials, sucl 
as linen or cotton rags, and even with eonsiilenible advantage, providing the pro- 
cesses cf preparation are tiioroughly understood. Whero such is not the case, and 
the silica coritaiuod in the straw has not been destn)yiHl (by means of a strong 
alkali), the paper will invariably be found more or less brittle ; in some cases somucli 
so as to be hardly applicable to any purpose whatever of practical utility. The 
waste, however, which the straw undergoes, in addition to a most expensive procest 
of preparation, necessarily precludes its adoption to any great extent. Two inventioni 
have been patented for nuiuufacturing piifier entirely' from wood. One process consisti 
in first boiling the wood in caustic soda-lye in order to remove the resinous matter 
and then wasliing to remove the alkali ; the w'ootl is next treated with chlorine gai 
or an ox^^genons compound of chlorine in a .suitiible ap^ratus, and Washed to free ii 
from the hydrochloric acid formed : it is now treated with a small quantity of cansti< 
soda, which converts it instantly into pulp, which has only to bo washed and bleadiod 
when it will merely require to be beiiten for an hour or an hour and a half in 
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QtdtalJ made into paper. Tlie other inrcstion is very eimple, 

mtMng of a wooden box enclosing a grindstone, which has a roughened 

CttHSioPt ond against which the blocks of wood are kept in close contact by a leror, a 
anydil atmin of water being allowed to flow upon the stone as it turns, in order to 
of tha pnlpy and to assist in carrying it off through an outlet at the bottom, 
aoiuwi the pinip thtra produced cannot be employed for any but the coarser kinds 
dl||iap(Kr. For all writing and printing purposes, which manifestly are the most 
in||iOtlaiit| nothing has been discovered to groatJj' lessen the value of mgs, neither is 
it at all’ probable that there will, inasmuch as rags, of necessity, must eontinue 
aoeiiliiiilating ; and before it will answer the purpose of the paper-maker to em- 
ploy new material, which is not so well .adapted for his purjxiso as tlio old, ho 
be enabled to purchase it for considerably less than it would bt's worth in 
the manufacture of textile fabrics; and, besides all this, rags jxissess in themselves 
the very great advantage of having been repeatedly prepared for paper-making by the 
immerous alkaline washings which they necessarily receive during their period of use. 

With all the drawbacks attending the prepanition of stnw, it is a7i exceedingly 
useful material for the manufacture of certain kinds of paper. A thick hrowji 
paper, of tolerable strength, may be in.ide from it cheaply ; but for printing or writing 
purposes only an inferior de.*!cnption can be produced, and of little comparative 
strcngtii to that of rag-paper. Its chief and Ix^st u.^^e is that of imparting stiflin ss 
to common newspaper. Sf)mc manufacturci*s prefer for tliis purpo.se jin intermixture 
of straw with paper sharings, and others, in place of the paper shavings, give tlie 
preference to rags. Tlie prot^ortion of straw used in connection with rags or paper- 
sharings varies from 50 to 80 per cent. 

The cost of producing two pripers of equ.al quality, one entirely from straw .and 
the other entirely from rags, would be very ne;irly equal ; tlie jweparatinn, which 
includes power, labour, and chemicahs, l*eing very iniieh greater in lh»* case of the 
straw ; indeed from two to tliKM* times as mucli as that of mgs. 

In order to reduce the straw to a suitable eonsi.steney for paper-making, it is pl.iced 
in a l>oiler with a large quantity of strong alkali, and u'itli a pressure of ste.am eqii.al 
to 120 lbs., and somelimtos to 150 lbs., ]x'T square inch ; tin ( Xtn iue lioat })eir.g at- 
tained iu super-beating the steam after it leaves tlie lK)il(>r. by j'.is.'jing it tlirough 
a coiled pipe over a lire, and thus the silica ]»ecomes destroyed, and the stniw 
softened to pulp, which, after being freed from the alkali ly wasliing it in cold water, 
is subsequently bleached and leaten in the ordinaiy rag-engine, to which we shall 
presently refer. 

The annual consumption of r.ags iu this country alone far exceeds 120,0ri0 tons, 
three-fonrths of which are imported. Italy and Oermauy furnishing the principal 
supplies. 

All that can be said as the FuitaMeness of fibre in general may be summed up 
in reiy few words : any vegetable fibre having a corrugated wlge, which will enable 
it to cohere in the mass, is fit for the purpose of ]»n]n r-m.'iking. Amonir the many 
fibres that have been introduc«l for usi in tins inaiiufaeture. the impf»rtant un- 

doubtedly is the roars'j grass known ns l^parfo in Spain, and aa J(fii in Nortliem 
Africa. It was first imjxirted by Mr. Noble in 1851. but it w.as not until t he scarcity of 
cotton was felt during the American War tlait paper-makers f(jlly nailiswl the value of 
tMiparto fibre; in 1868 as much as 96,000 t' ms were import<*<i. Otlmr fibres have 
fecently been used, such as those of the diss-grass, tin* dwarf-palm, the baobal>-tree, 
and the New Ze.ahind flax ; but it is said that none of those can fiuecef»sfully conij'cU^ 
tridtasparfo. Canada rice has recently been recommended as an excellent paper-making 
JMitaml 

ib considering the various processes or stages of the mangfacturc of paper, we 
linvalixitto notice that of carefully sorting and cutting the mgs into small pieces, 
which is done women ; each woman sUmding at a table-frame, the up|u*r surface 
of which amsietfl of very coarse wire-cloth : a large knife Iming fixed in the centre of 
the table, nearly in a vertical ]> 06 ition. The wonum stands so as to Imve the back 
of thehUde opposite to her, while at licr right hand, on the floor, is a large Mvmden 
box, with several divisions. Her business consists in e xamining tlie mgs, ojwning the 
■saim, xnmovi]^ dixt, pins, needles, and buttons of endles.s variety, which wouid jat 
Bahle to it|jiir» the suichinery, or damage the quality of the mper. She then curs 
the rags into small pieces, not exceeding 4 inches square, by tlrawing tliem sharjdy 
Msoeilhe e^of the knife ; at tlie same time keeping eacli quality distinct in the 
Wsral divkioiis of the box placed on her right hand. During this prjcess, mui h of 
w aaad, and so forth, poMce through the wire-cloth into a dmirer underneath, 
if oeestwwdly cleaned out After to, the rags are removed to what is c.allwl 
"which la a large cylindrical frame covered with simihur coarse 
; Ipg wwwSodh and haviog a powerfol ivrolving shaft exteudiug through the into* 
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rior, with a number of spokes fixed transversely, n^rly long enough to touch th 
cage. By means of this contrivance, tlie machine being fixed upon an incline of som 
inches to the foot, the rags, which are put in at the top, have any remaining particle 
of dust that may still adhere to them effectually beaten out by the time they reac 
the bottom. 

The rags being thus far cleansed, have next to be boiled in an alkaline lye c 
solution, made more or less strong as the rags are more or less coloured, the obje( 
being to get rid of the remaining dirt and some of the colouring-matter. The pr< 
portion is from 4 to 10 lbs. of carbonate of soda with one-third of quicklime t 
the cwt. of material. In this the nigs are boiled for several hours, according to the 
quality. 

Thf method generally adopted is that of placing the rags in largo cylinders, whi( 
are constantly, though slowly, revolving, thus causing the rags to be as fr^uent: 
lurni^cl over, and into which a jet of steam is cast with a pressure of something nej 
30 lbs. to the square incli. 

After this process of cleansing, the rags arc considered in a fit state to be tom 
niaerratod until they become roductMl to a pulp, which was accomplished, sor 
fifiy years since, by setting thorn to heat and ferment for many days in do 
Aessels, wlureby in reality they underwent a species of putrefaction. Anoth 
inetlirxl subsequently employed was that of beating them by means of stamping-nK 
sho.1 with iron, working in strong oak or stone mortars, and moved by water-whe 
niachinor}*. iSo rude and ineffective, however, was this apparatus, that no fewer thj 

1593 



40 pairs of stamps were required to operate a night and a day in preparing 1 ci 
of material. At the present time the average weekly consumption of rags, at ma 
paper-mills, exceeds evv:n 30 tons. The cylinder- or engine-mode of commiuuti 
rags into paper^ulp appears to biv© been invented in Holland, about the mid< 
of the lust century, but received very little attention her© for soma y^ars aft 
wards. The oi^companying figures 1593 and 1594) will serve to convey aQi 
idea of the wonderful rapidity with wliich the work is at present accom^sh 
No less than iwdve Uma per week can now be prepared by means of thia sim 
contrivance. The borixontal section {fig. 1694) represente an oblong cietm, of ci 
iron, or wood lined with lead, into wliich tlio rags, with a suffiaent qnanUty 
water, are received. It is divided by a partition, as shown (a), to regolate 
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0num of tbe staff; the spindle upon which each (^linder, c, mores, extending across 
llti 'ong^f and betnf pat in motion by a band -wheel or pinion at the point, b. 
Ohs c^l^ev is made to tnrene at a much swifter rate than the other, in order 
Ibst Ae rags may be the more effectually triturated. The cylinders, c, as shown in 
tile rertteal section, are furnished with numerous cutters, running parnllel to the axis, 
and again beneath them similar cutters are mounted (d) somewhat obliquely, gainst 
widch, when in motion, the rags are drawn by tlie rapid rotation of the cylinders, 
thus reduoed to the smallest filaments requisite, sometimes not exceeding the 
mitoeilth of an inch in length ; the distance between the fixed and moTeablo blades 
being capable of any adjustment, simply by elevating or depressing the bearings 
upon which the necks of the shaft are supported. TMiou in operation, it is of course 
necessary to enclose the cylinders in a case, as shown, ke. otherwise a large proportion 
of the rags %ould, inevitably, be thrown out of the engine. The rags are first worked 
coarsely, with a stream of water running through the engine, which tends effectually 
to wash them, as also to open their fibres; and in order to carry off the dirty water, 
what is termed a toashinff drum is frequently emplo^’eil, consisting simply of a 
framework covered with very fine wire-gauze, in th(‘ interior of which, connected 
with the shaft or spindio, which is hollow, are two suction tubes, and by tins means, 
on the principle of a e^hon, tlie dirty water constantly flows away through a larger 
tube running down outside, which is connected with that in the centre, w’ithout carry- 
ing away any of the fibre. 

After this, the mass is placed in another engine, where, if necessar}', it is bleached 
by an admixture of chloride of lime, which is retained in the engine until its act ion 
b^mes apparent. The pulp is tlieu let dow'n into large shtto cisterns to stt*ep, prior 
to being r^uced to a suitable consistency by the be^iting-engine, as already described. 
The rolls or <grliuders, however, of the boating-engine arc always made to rotate 
much faster than when employe<l in washing or bleaching, revolving ])n)bably from 
1,20 to 150 times per minute, and thus, supposing the cylinders to contain 48 tetth 
each, passing over eight others, as shown in the figures, effecting no fewer than 
103,680 cuts in that short period. From this the great advantage of the modern 
engine over the old-fashioned mortar machine, in turning out .'t quantity of paper-pnlp, 
will be at once apparent. The introduction of colouring-matter in connection with 
the paper-manufacture is accomplished simply by its intermixture W'ith the pulp while 
in process of beating in the engine. 

Although the practice of blueing paper is not, perhaps, so customary now* as was 
the case a few years back, the extent to w’hich it is still carried may be a matter of 
considerable astonishment. On its first introduction, wlien. as regards colour, the best 
paper was anjlhing but pleasing, so striking a novelty would no doubt b(‘ liaih^d as a 
great improvement, and as such rw’cived into general u.se, but the superior delicacy 
of a Jirst-clasi paper now* made without any colouring-matter wdiatever, and wnlhout 
any superfluous marks on its surface, is so truly l»e;iutif id. ]»oth in texture! and ap- 
pearance, as to occasion some surprise that it is not luori! generally used.' 

Common materials are frequently and ver}* readily employed, through the assistance 
of colouring-matter, which tends to conceal imperfections. Indeed, it would v 
difficult to name an instance of apparent deception more forcible than that which is 
accomplished by the use of ultramarine. Until recently the fine bluei.^h tinge given 
to many writing-papers was derived from the admixture of that formerly c*x})en- 
sive, but now, being prepared artificially, cheap, mineral blue ; 1 pound of ultra- 
marine going farther than 4 of smalts, the former nocess<irily meets with more 
extended application, and where its use is rightly understoml, and the ma ferial s 
employed instead of being fine rags, comparative rubbish, excessively bleached, 
its application proves profitable to the paper-maker in concealing for a time all 
irreg^rities, and making the paper surpass in appearance the l>est kinds. The oxide 
of cobalt, generally termed smalta, has still the advantage over the ultramarine of 
impaiting a oriour which will endure for a much longer period. 

At first the introduction of ultramarine led to some difficulty in sizing the paper, 
for so long ae emalte continued to be used, any amwmt of alum might be employed, 
and ft was actually added to the size to preserve it from putrefaction. But since 
Briifkual tdtramarine is bleached by alum, it became of course necessary to iidd this 
«It to tbe si<e in very small proportions, and, as a natural consequence, the gelutino 
W9M no longer protected from the action of the air, w^hich led to incipient de- 
eompQ^um, and in such eases the putrefaction once commenced, proceeded even after 
the eiae was dried on the paper, and gave to it a most offensive smell, which rendered 
the pe^ei* nnealeable. This difficulty, however, has now been overcome, and providing 
the rise ^ q[uite free foom taint when applied to the paper, and quickly dried, putre- 

** 9m Blehtfd Herring*# * Tore Wove Writiog Paper.' 
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faction -will not subsequently occur ; but if decay has once commenced, it cannot be 
arrested by dr 3 ring only. • 

The operation of paper-making, after the rags or 1504 

materials to be used have been thus reduced and 
prepared, may be divided into twf> kinds : that which 
is carried on in hand-mills, where the formation of 
the sheet is performed by manual lalwur ; and that 
whicli is cjirried on in machine-mills, w'hcro the 
paper is produced upon the machine wire-cloth in one 
continuous web. 

With respect to hand-made papers, the sheet is 
formed by the vatrann’s dipping a mould of fine wire- 
cloth fixed upon a wooden frame, and having what 
is t(;rmed a deckle, to determine tlio size of the .sheet, 
into a qu.intity of pulp which has been previously 
mixed witli water to a requisite consistency ; when, 
after gently shaking it to and fro in a horizontiil 
]iosition, the fibres become so connected as to form 
one uniform fabric, wdiilo the water drjiins awny. 

Tli(i deckle is then removed from the mouhl, end 
tile .slioct of paper turned off upon a felt, in a pile 
witJi ninny others, a fslt intervening between ench 
sheet, Jind the wliole subjected to great pressure, i 
order to displace the superfluous water ; when, after ( 
being dried and pre.^^sed without the felts, the sheets 
nre dipjxjd into a tub of fine animal .size, the super- 
fluity of which is again forced out by another press- 
ing; each shet't after being finally dried, undergoing 
careful ('Xaniinatioii before it is finished. 

Thus wo liav(\ first, what is termed the water-leaf^ 
tlic condition in which tlio paper appears after being 
pressed between the felts — this is the first .stage. 

Next, a sheet from tlio bulk, as prossetl without the 
felts, which .still remains in a state unfit for w'riting 
on, n'>t having been sized. Then a sheet atter sizing, 
wliieh completely changes its character; and lastly, 

(CIO with the flnislied surface. This is producctl by 
placing the sheets separately betwtreu very smooth 
coj'per-plates, and then passing them through rollers, 
which impirt a pressure of from 20 to oO tons. 

After only three or four such pressures, it is sini])ly 
called ‘rolled,’ but if passed through more frequently, 
the paju r acquires a higher surface, and is then called 
* glazed.’ 

The paper-making machine is constructed to imitate 
in a groat measure, and in some respects to improve, 
tlie processes used in making paper hy hand ; but 
its cliief advantages are the increased rapidity w'ith 
which it accomplishes the manufacture, and the 
means of proilucing paper of any size which can 
practically bo required. 

By the agency of thi.s adniiralde contrivance, 
which is so adjusted ns to produce the intended effect 
witli unerring precision, a proce.‘<s wdiich, in the old 
system of jjaper-makiiig, occupied about three weeks 
is now performed in as many mimites. 

The pai>er-making machine {fig. 1594) is supplied 
from the ‘ chests ’ or reservoir, f, into which the pulp 
descends from the beating-engine, wlien sufficiently 
ground,; being kept in constant motion, as it descends. 
l;y means of the agitator, o, in order that it shall not 
settle. From this roseiroir the pulp is again con- 
veyed by a pip© into what is technically termed the 
‘lifter,’ u, "which consists of a cast-iron wheel, en- 
closed in a wooden ease, and having a number of 
buckets affixed to its circumference. The trough, i, 
placed immediately beneath the endless wire, k, is for the purpose of receiving the 
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imttv iHMdi dfftlat airsj fh>m the pulp during the procetw of manufacture, and as this 
Witefli fiaquently impregnated with certain chemicals used in connection with pnper- 
rnddogt it li retamou again by a conducting spout, into the ‘ lifter,* where, by tlio 
fUtitUMi'Of Ae buckets, both the pulp and back-water become again thoroughly mixed, 
ind m tagether raised by the lifter through the spout, l, into the trough, m, where 
lilS filgkutxained by means of a sieve or ‘ knotter,’ as it is called, which is usually 
df brass, haying fine slits cut in it to allow the comminuted pulp to pass 
UihUe it retains all lumps and knots ; and so fine are these openings, in orcler 
te kae tba pulp entirely from anything which would be liable to damage the quality 
of Ilia paper, tmi t it becomes necessary to nppb' n moans of exhaustion underneath, in 
order to tsdlitate the passage of the pulp through the strainer. 

Tbe lamps collected upon the top of this knotter, more particularly when printing- 
papers are being manufactured, are composed to a consideraVde extent of india-rubber, 
which 18 a source of much greater annoj’ance to the paper-maker than is readily con- 
oeiyed. Fmr, in the first place, it is next to impossible in sorting and cutting the rags 
to free them entirely from the braiding, and so forth, with which ladies adorn their 
dresses ; and, in the next, the bleach failing to act upon a substance of that character, 
the quality of the paper becomes greatly deteriorated by tlic large Idaek specks whifli 
it occasions, and wnich, by the combined heat and 2 )rcssiirc of the rolls and cylinders, 
enlarge considerably ns it proceeds. 

Passing from the strainer, the pulp is next made to distrilmte itself equally 
thronghout the entire width of the macliine. and is afterwards allowed to flow over 
a small lip or ledge, in a regular and even stream, wlionce it is received by the 
upper snmtce of the endless wire, k, upon which tiu' first process of innnufactiiro 
t^os place. Of course the thickness of the paper depends in some mensuro upon 
the spm at which the machine is made to travel, but it is mainly dcterminwl l»y 
the quantity of pulp allowed to flow upon the wire, which, by various contrivances, 
can be regulated to great nicety. Paper may l>e made by this machine consider- 
ably less than the tltousandth of an inch in thickne.s.*;. and, although so thin, it is 
enpaUe of being coloured, it is cajvable of being glazed, it is capable of receiving 
a water-mark; and. what is perhaps still more astonislnni:, a strip not exceeding 
4 indies in width is sometimes capable of sustaining a weight of 1*0 lbs., so great 
is its tenacity. 

But to retnm to the machine itself. The quantity of pulp required to flow from 
the vat, M, being determined, it is first received l>y the continuous woven wire, x, 
upon which it forms itself into paper ; this wire-gauze, which resemb](‘s a jack-toM’i*l. 
passing over the small copper roller.*<, x, round the larger one. marked o, and being 
Kept in proper tension by two others placed unde meat h. A gentle vibratory motion 
firom side to side is given to the vnre, which assists to spread the pulp evenly, and 
also to flidlitate the separation of the water ; and by this moans, aided by a suction- 
pump, the pulp solidifies as it advance.s. The two black s(]uares on either side vf the 
* dandy * roller, p, indicate the position of two wooden lK>xes, from whieli the air is 
paitially exhausted, thus causing the atmospheric pressure to oj derate in comjxicting 
the pulp into paper, the water and moisture being drawn througli the wire and the 
pnk retained on the surface. 

Next, we have to notice the deckle or Ixiundniy straps, q. which regulate tli(‘ v idth 
of the travelling at the same rate as the wire, and thus limiting the spre*ui of 

pulp. The ‘dandy’ rcdler, p, is employed to give any impression to the paper that 
may be required. We may suppose, for instance, that the circumference of that roller 
atiswuiii exactly to the length or breadth of the vire forming a hand-mould, which, 
auppoaitig wire to be fixed or cun'cd in that form, would necessarily leave the 
same impression fis when employed in the ordinary way. Being placed between the 
^r-boiM^ the psper becomes impressed by it when in a* half- formed state, and whut- 
evar msito ai« thus made the paper will cfiTectually retiin. The two rollers following 
tin dandy, marked s and o, are termed couching-rollers, from their performing a 
sifluiar opemtion in the manufacture of machine-made pajK-rs to the business of 
lha eon^MT In conduedog the process by hand. They are simply wooden rtjllcrs 
eofmedwith felt In some instances, however, the upper coucli-rull, n, is made to 
ananer a ^mble pnrpoae. In making writing- or other p(i|>crs where smalts, ultra- 
marina, and vaxiooi eolouTa are used, considerable difference will frequently be 
hmnd indie tint of the jpaper when the two sides are compared, in consequence of 
the aulonriiif-mattcr aiiikuig to the lower side by the natural subsidence of the water, 
ar ftom the netkm of the snetton-boxes ; and, to obviate this, instead of employing 
the ordinal^ coach-roll, which acta upon the upper surface of the i*aper, a hollow 
m is subatitittad, having a suction-box within it, acted upon by an uir-pump, which 
in some measnro to oonnteract the effect justly considered as objectionable. 
HMfiag f»m theca loUaia, the paper is receiv^ from the wire-gause by a con- 
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tinuous felt, s, which conducts it through two pairs of pressing-rollers, and after* 
wards to the drying-cylindors. After passing through the first pair of rollers, the 
paper is carried along the felt for some distJinco and then turned over, in order 
to receive a corresponding pressure on the other side, thus obviating the inequality 
of surface which would otherwise he apparent, especially if the paper wore to be 
employed for books. 

Tho advantage gained by the use of so great a length of felt is simply that it 
1>ecomes less necessary to stop the machine for the purpose of washing it, than would 
be tho case if tho felt were limited in length to its absolute necessity. 

In some instances, when the paper being made is sized in the pulp with such 
an ingredient as mf/j?, the felt becomes so completely clogged in the space of a 
few hours, that unless a very groat and apparently unnecessary length of felt bo 
employed, a considerable waste of time is constantly incurred in washing or changing 
the felt. 

'J’hc operation of tho manufacture will now bo apparent. The pulp flowing from 
the reservoir into the bfler, an<l t.hcnco through the strainer, passes over a small lip 
to tho continuous wire, being there partially compacted by tho shaking motion, mor») 
thoroughly so on its passage over the air-boxes, receiving any desired marks by means 
of the dandy-roller passing over the continuous felt between the first pressing-rollers, 
tlien tunio<l over to receive a corresponding pressure on tlie other side, and from 
thence off to tho drying-cylinders, which are heated more or less by injected steam ; 
the cylinder which receives the paper first being heated less than the second, the 
second than tho third, and so on ; tho paper, after passing over those cylinders, being 
finally wound U}>on a reel, ns shown, unless it, bo printing-paper, which can be sized 
sufficiently in the pulp by an admixture of alum, soda, and resin, or tho like; in 
which Ciise it may be at onee conduete«l to tho eutting-machinc, to be divided into any 
buigth and wiilth required. But, supposing it to be intended for writing purposes, it 
lias first to undergo a more effectual method of sizing, as shown in tho accompanying 
drawing; the size, in this instance, being made frf>m parings obtained from tanners, 
curriers, and parchment-makers, ns employed in tho case of hand-made papers. Of 
course, sizing in tlie pulp or in the engine offers many advantages ; but as gelatine, or 
animal size, which is really essential for all good writing qualities, cannot at present 
bo employed during the prwess of manufacturing by tho machine without injmy to 
the felts, it becomes necessary to pass the web of paper, after it has been dried by the 
cylinders, through this apparatus. 

In most cases, however, the paper is at once guided as it issues from tho machine, 
through the tub of size, and is thence carried over tho skeleton drums shown, inside 
each of which are a number of fans rapidly revolving ; sometimes there are forty or 
fifty of tliesij drums in succession, tho wdiolc confined in a chamber heated by steam. 



A paper-machine, with tlic sizing-apparatus attached, sometimes measures, from tho 
wire-cloth, whore tlio pulp first flows on, to the cutting-machine at tho extremity, no 
1 l‘S 8 than 1,000 feet. The advantage ol drying the paper in this manner over so 
many of these drums is, that it turns out much harder and stronger than if dried 
more rjipidly over heated cylinders, Some manufacturers adopt a peculiar process of 
sizing, which, in fact, answ'ers very n.ueh better, and is alike applicable to papers 
made by hand or bv machine, provide<l tho latter description be first cut into jpioces or 
sheets of the required dimensions. The contrivance consists of two revolving felts, 
between which the slieets are carried under several rollers through a long trough of 
size ; being afterwards hung up to drj' upon lines preAnousl}' to rolling or glazing. 
The piper thus sizei^l laxHunos niucli hanler and stremger, by reason of the treedom 
with which the sheets cun contraci in drying ; and tliis is mainly the reaaon 
paper luudo by hand continues to be so much tougher than that made by tho maddna. 
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la emsQimMe the natural tendency of the pulp to contract in diying, and conse- 
bceckming, where no reeiatance is ofierocf, more entwined and entangled, which 
of eontae adda my considerably to the strength and durability of the paper. In 
naldiig by the machine, this tendency is completely chocked. 

The Allowing note from a correspondent is well worthy the attention of pnpor- 
mamaiaetnreni : — 

‘Yon arc most probably aware that, in the paper-machine, the pulp or half-stuff, 
nfter loaring the plane of wire, is pressed between rollers aTid becomes i>npcr, and 
then only reoniree to be made dry and smooth. These objects are effected by the 
inadilne coaanding the paper over the polished surfaces of large cylinders hoat-eci l)y 
ateam, and afterwards through a series of heavy and highly-polishtsd metal rollcjrs, 
which are in some cases also he.! ted by steam to increase the effect. Now, a gn'at 
advantage would be gained by electro-plating those cylinders and rollers with nickel.’ 
(See Nickel ; Elkctro-Metaixubgy.) ‘ A surface far superior to that of burnished 
■tool would be obtained ; being harder than steel, it would not b<*come scratebed, niul, 
no nut being formed, it would be always clean and bright. The paper would be 
found to possess a surface like ivoiy, the pores l>eing eiitindy filled up. The only 
cleaning required, and that at long intervals, would be w.'isliing wit h so:ip and wnter, 
and rubbing with a dry leather. The expense (about Ul. per square inch) would bo 
very trifling as compared with that of grinding and re-burnishing ; and, if all the 
bri^t parts of the machine were electro -plated with nickel, a vast siiving of expense 
in labour would be cflectad. I am strengthened in these conclusions by the fact, that 
photographers find that, after passing prints when damp through ordinary st<‘rl 
rollers, an impression is left on them, which, if not cleaned off ininjediately, causes 
the steel to rust, and which rust cannot be got rid of without grinding and re- 
bumishing.* 

It may be interesting to mention, that the first experiment for drying piper by 
means of heated cylii^ers was made at GellibrnndV calico-printing fact/ory. near 
Stepney; a reel of papT, in a moist state, having been conveyed then' from Dari ford 
in a post-chaise. The cKpriment was tried in the presence of the patentees of tlie 
paper-macliine and Mr. Donkin, the euginecr, and proved highly satisfactory; and 
the adoption of copper cylinders, heated by steam, was thenceforward consitiered in- 
dispensable. 

iTie next operation to be ipticed, now tbat the p.ap r is finisliod, is that of cutting 
it into standard sires. Ori^ually, tlie wheel U)x>n which it was finally wound was 
formed so that its diameter might be lessened or increased at plwisure, according to 
the sizes which were required. Thus, for instance, suppising the web of paju r was 
required to be cut into sheets of 18 inches in length, the diameter of Ihe reel \v<>uld 
be lessened to 6 inches, and thus the circumference to Ih inches, or, if cunvi nient. it 
would be increased to 36 inches, the paper l>eing afterwards cut in two by laand witli 
a large knife ; the width of the web Iwiiig regulated by the deckle-stnijis, u. to cither 
twice or three times the width of the slieet, as the case might be. However, in regard 
to the length, coo.sidertible waste, of necessity, arose from the great increase in the 
circumference of the reel tis the paper was w'ound up m it. and to remwly this, several 
contrivances have bt^en invento<l. To dwell ii]K>n tlieir varioius ]>eculiarities, or .v pa- 
rate stages of improvement, would prove of little conipiraiive iijtere.sl to llie general 
reader; it will, therefore, l>e well to limit attention to tiie cutling-maehine, ot whicli 
an illustration is given {^, 1506), which is unquestionably the luist, as well as 
the most ingenious, invention of the kind. 

The first movement or operation peculiar to this machine is that of cutting the u cb 
of paper longitudinally into such widths as nmy be nsquired ; and this is tffivied 
by means of circular Uades, placed at stated tlisUmces, which receive tlie paper as it 
issnss direct from the other machineiy, and, by u very swift motion, much greater 
than that at which the paper travels, slit it up with unerring precision wherever they 
mav be fined. 

A pair of those cireular blades is shown in the drawing, a {fig. 1596), the upper one 
being mn^ huger than the lower, which is essential to the smoothness of tlie cut. A nd 
n^ only is the upper blade larger in circumference, but it is also made to revolve 
with much greater rapidity by means of employing a small pinion, worked by one 
at least twice its diameter, which is fixe<i upon the same shalt as the lower blade, to 
wbkh the motiTe-power is applied. The action aimed at is precisely such as wo 
dUaia ftium a pair li eeissoara. 

The web, as it is termed by the paper-maker, being thus severed longitudinally, 
^ next operation ti that of cutting it (dT into sheets of some particular iengtii hun- 
grily ; and to do this requires a most ingenious movement. To give a very general 
Ih® contrivancs, the dotted line represents the i^ijn-r travelling on with a 
ia ictte mie of 80 leet per nitrate, and yet its course has to be temporarily 
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arrested Trhlle the required separation is effected, and that, too, without the paper 
accumulating in any mass, or getting creased in the slightest degree. 

The largo drum, n, over which the jmper passes in the direction indicated by the 
arrows, has simply an alternating motion, which serves to gather the paper in such 



Kngths as may bo rcquirtHl ; the crunk arm, c, which is capable of any adjustment 
either at top or bottom, regulating the extent of the movement backwartls and for- 
wards, and thus the length of the sheet. As soon as the papt r to be cut off has 
passed below the point n, at which a presser is sus^Kiuded, having an alternating 
motion given to it in order to make it approach to, »nd recede from, a stationary 
presser-board, it is Ukcn hold of as it descends from the drum, and the length 
peihlant from the presser is instantly cut off by the moveable knife, e, to which 
motion is given by the crank f, the connecting-rod g, the lever ii. and tlie connecting- 
rod I. 'J'lie edhibiued motion of these rods and levers admits of the moveable knife, k, 
remaining nearly quiescent for a given time, and then speedily closing upon the fixed 
knife, k, cutting off the paper in a similar manner to ii pair of shears, when it imme- 
diattdy slide.s down a board, or, in some instances, is carried along a revolving felt, at 
the extremity oi which several men or boys are placed to receive the sheets, according 
to the numbiT into wliich the width of the web is divided. 

As soon as the prossors are closed for a length of paper to be cut off, the motion of 
the gathoring-drurn is reversed, smoothing out the paper upon its surface, which is 
now held between tlio pressers ; the tension- roll, i., taking up I lie sbick in the paper 
us it a<*cumulates, or rather gently bearing it down, until the movement of the drum 
is again reversed to furnish another length. The handle, m, is employed merely to 
stop a jKirtion of the imudiinery, should the water-mark not fall exactly in the centre 
of the sheet, when by this means it can be moiiienuirily adjusted. 

Tlie paper being thus made, and cut up into sheets of stated dimensions, is next 
looked over, and counted out into quires of 24 sheets, and afterwanls into reams of 20 
quires, wliich subsequently are carefully weighed, previously to their being sent into 
lilt* market. 

Conubcted with the manufacture of paper, tliore is one point of considerable inte- 
rest and importance, and tliat is, what is commonly, but erroneously, termed the 
wuter’mark^ which may be noticed in the ‘Times’ newspaper, in the Bi\nk of Eng- 
land notes, cheques, and bills, us also in every postage- and receipt-stamp of the present 
day. 

The curious, and in some instances absurd terms, w'hich now puzzle us so much in 
describing the difierent sorts and sizes of j«iper, may frequently be explained by 
reference to the various paper-marks which have been adopted^ at diffivent penc^. 
In aucieut times, wlieu comparatively few people could read, pictures of every kind 
were much in use where writing would now bo employed. Every shop, for instance, 
had its sign, as well as every public-house, and tlioso signs were not then, an they 
often are now, only painted upon a board, but were invariably actual modela of the 
thing which the sign expressed— as we still occasionally see some such sign aa a boa- 
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A taa- 0 ftaiiter, or a 4oU, and the like. Por the same reason, printers employed 
foma derioe^ vhich thegr put upon the title-pages and at the end of their books ; and 
papMVBMtoo alio int^uced marks, by way of distinguishing the paper of their 
maBU&etttre from that of others; which marks, becoming common, naturally gjive 
thdr names to different sorts of paper. And, since names often remain long after 
the origin of them is forgotten and circumstances are changed, it is not surprising 
to tils old names still in use, though iu some cases tliey are not applied to the 
ssms t h*** g" which they originally denoted. One of the illustrations of ancient water- 
nMMilrs giTsn in the accompanying plate, that of an open hand with n star at the top, 
which was in use as early as 1530, probably gave the name to what is still called 
hand paper, Jiff. 1597. 

An^er very favourite paper-mark, at a subsequent period, 1540 -60, was the jug 
or pot, which is also shown, Jiff. 1698, and would appear to have originated the term 

p&t paper. 

The foors-cap was a later device, and does not appear to have l>een nearly of sueli 
long continuance as the former, Jiff. 1599. It has given place to the figure (»f 
Britannia, or that of a lion rampant supporting the cap of liberty on a pole. The 
name, however, has continued, and we still denominate paper of a particular size by 
the title of foolscap. The original figure has the cap and bells, of which we so oft(. ii 
read in old plays and histories ns the particular head-dress of the fool, who at one 
time formed part of eveiy' grwit man’s establishment. 

The water-mark of a cap mny sometimes be met with of a mucli simpler form 
than just mentioned — ^frequently resembling the jockey-caps of the present day, 


1597 



1500 



1508 



1600 



with a tnAing oraamantation or addition to the upper 
*Siakefpem« printed hy Isaac Japaard and Ed. liloun 


part- The first edition of 
^iount, 1623, will Ije found to 
cemtaift this nirit, istememed with several others of a different character. No 
Oolite tht fMMiml mmei the term to various papers of the present day owes iu 
to auirlEs of tiiia defcsription. 

m term mpmal waa in all probability derived from the finest specimens of 
whirii were eo called hy the anrieeito, 

paper neems to have derived iu namefrom the poat-horn, which at one time was 
tiim maik,^, 1600 * It doaa not appear to have been used prior to the 
^ ostlia OfMinl Pnit* ofl loe ( 1670 )» wuen it beoaioa the cnriooi to blow a 
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horn, to which circumstance no doubt we may attribute its introduction. The mark 
is still frequently used, but the same change which has so much diminished the 
number of painted signs in the streets of our towns and cities, has nearly made 
piper-marks a matter of antiquarian curiosity ; the maker’s name being now generally 
used, and the mark, in the few insUncos where it still remains, serving the purpose of 
mere ornament, rather than tliat of distinction. 

Water-marks, however, have at various periods been the means of detecting frauds, 
forgeries and impositions, in our courts of law and elsewhere, to say nothing of the 
protection they afford in the instances already referred to, such as bank notes, 
clieques, receipt, bill, and poshige-stamps. The celebrated Curran once distin- 
guished himself in a case which he had underUiken by shrewdly referring to the 
wat(*r-mark, which effectually determined the verdict. And another instance, which 
may be introduced in the form of an amusing anecdote, occurred once at Messina, 
wlmro the monks of a certain monastery exhibited, with grt^at triumph, a letter as 
being wTitten by the Virgin Mary with her own hand. Unluckily for them, how- 
ever, this was not, as it easily might liave been, written upon the ancient papyrus, 
but on paper made of rags. On one occasion a visitor, to whom this was shown, 
observed, witli affected solemnity, that tho letter involved also a miracle^ for tiio 
piper on wliich it was written w'as not in existence until several centuries after tlio 
mother of our Lord had died. 

A further illustration of tho kind occurs in a work entitled ‘ Ireland s Confessions,’ 
which was published respecting his fabrication of the Shukspeare manuscripts, — a 
lit>orary forgery even still more remarkable than that which is said to have been 
perpetrated by Cliatterton, us Kowley’s Poems. 

Tho interest which at the time was universally felt in this production of Ireland’s 
may bo partially gathered from the fact, that the whole of the original edition, which 
appeared in the form of a shilling pamphlet, was disposed of in a few hours; while so 
great was tlie eagerness to obtain copies afterwards, that single impressions w'ere sold 
in an auction -room at tlio extravagant price of a guinea. 

Tills gentleman tells us. at one part of his explanation, that tho sheet of paper which 
he used was tho outside of several others, on .some of which accounts had been kept 
in tho reign of Charles the First; and being at that time wholly unacquainted with 
tho water-marks used in tlio reign of Queen Klizubeth, ‘ I carefully selected (says he) 
two half-sheets, not having any mark whatever, on which I penned my first effusion.’ 
A few pages further on, he writes — ‘ Being thus urged forward to tho production of 
more manuscripts, it became necessary that I should possess a sufficient quantity of 
(tld jMiper to enable mo to pnx'ced ; in consequence of which I applied to a bookseller, 
named V’e-rev, in Croat May’.s Buildings, St. Martin’s Lane, mIio, for tho sum of five 
shillings, .suffered me to take from all the folio ami quarto volumos in his shop the lly- 
lo,aves which they contained. By thi.s means I was amply stored with that commo- 
ility ; nor did 1 fear any mention of tho circumstaneo by Mr. Verey, whose quiet nn- 
Kuspeeting dis[)fJsition, I w-as well convinced, would never lead him to make the 
transaction public, in addition to which ho was not likely even to know anything 
concerning tho supposed Shak-'^peariaii discovery by myself, and even if ho had, I do 
not imagine that my purchase of the old paper in question w'(»iild have excited in him 
the smallest degree of suspicion. As I was fully aware from the variety of w'ater- 
marks W’hich are in t-xisUmce at the present day, that they mu>t have constantly been 
altered since tho period of Elizabeth, and being for some time wholly unacquainted 
wiih the w'aU r-marks of that age, I very carefully produced my first specimens of the 
writing on such sheets of old jiaper as had no mark wfhatever. Having heard 
it frequently stated tliat the appearances of such marks on tho papers would have 
grtiatly tended to establish tlieir validity, I listened attentively to every remark 
wliich was made iq>on tho sulijcct, and from tlieiice I at length gleaned tho intcdli- 
gence that a jug was tlie pn valent watur-mark of tho reign of Elizabeth, in conse- 
quence of which I inspoc'tcvl all tho shetts of old paper then in my possession, 
and Iniving selected such a.s liad the jug iqxju them, I produced the succeeding 
niaiiuscripts uj-xm these, being careful, iiowcvrr, to mingle with them a certain 
number of blank leaves, that tlio. production on a sudden of so many water-marks 
iniglit not excite su.spicion in tho broasts of those persons who W’cro moat conversant 
with tho manuscripts.’ 

Thus, this notorious literary forgery, tlinjugh tlio cunning ingenuity of the per- 
jHitrator, ulLimatidy proved so successful as to deceive many learned and able critics 
of tlie ago. Indeed, on one occasion a kind of certificate was drawn up, stating 
tliat the underhigned names were »iffixed by gentlemen who entertained no doubt 
whatever as to the validity of tlio Sliuks|>earian pi*oduction, and that they voluntarily 
gave such public testimony of their convictions upon the subject. To this document 
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ioteiai mme» were appended by persons as conspicuous for their erudition ns they 
ware pertinaoious in their opinions. 

The irater-inark in the form of a letter p, of which an illustration is given, ^.1601, 
was taken from Caxton’s well-known work, ‘The Game of the Cliesse,’ a fac-mnile of 
which has been published as a tribute to his memory. Paper was made expressly 
for the pnipoee, jn exact representation of the original, and containing this water- 
mark, whi(m will be found common in w'orks printed by him. 

The ordinary mode of effecting such paper-marks ns we have been describing 
is that ctf affixing a stout wire in the form of any object to bo represented to the 
surface of the fine wire-gauze, of which the hand-mould, or machine dandy roller is 
eonstruoted. 

The perfection, however, to which water-marks liavc now att.'jinod, which in 
many instances is really venr beautiful, is owing to a more ingenious motlio;! which has 
been patented, and is adopted by the Hank of England, as affording considerable pro- 
tection to the public in determining the genuineness of a bank-noU*. 

To produce a line water-mark of any autograph or crest, we might either engrave 
the pattern or device first in some yielding surt'aice, precisely as we should engrave a 
copper-plate for printing, and afterwards, by immersing the plate in ji solntion of 
snlphate of copper, and electrotyping it in the usual 'way. allow the interstices of the 
engraving to give as it wore a casting of pure copper, and thus an exact r(‘pres(*ntation 
of the original device, which, upon being removed from the plate, and affixed to the 
surface of the wire-gauze forming the mould, w’ould produce a corresponding impression 
in the paper; or, supposing perfect identity to ho essential, as iti the case of a bank- 
note, we might engrave the design u|K)n the surface of a stool die, taking care to cut 
those parts in the die dwpest which are intended to give greater effivt in the paja'r, 
and then, after having hanlened, and otherwise properly jvrepimHl ti»o die, it would 
be placed under a steam-hammer or other stiinjping a]»paratus. for the purj*ose of 
producing what is technically terinid a force,' which is roquirel to fissist in tnuis- 
ferring an impression from the die to a plate of sheet brass. This being <lone. tin die 
with the mould-plate in it, would next l>o taken to a perforating or eutting macltine, 
where the back of the mould-plate— that is, the portion which ]»ruji*cts above the 
face of the die — would bo removed, while that portion wldeli was impressed into tiie 
design eiigntven would remain untouched, and this l»eing subs<‘qnently Uikeii from 
the interstices of the die and placed in a frame u|>on a backing of fine M’ire-clnili, 
becomes a moukl for the manufacture of paper of th<! jwittern uliieli is desired, 
or for the production of any water-mark, autograph, crest, or deviei^, hoMCver com- 
plicated. 

Light and shade are occasioned liy a very similar proce.'ss, but one winch perhaps 
requires a little more care, and iieceswirily l)econies somewhat imjre tedious. I'ur 
instance, in the former case the pulp is distributed equally throughout tiie eiilirc^ sur- 
free of the wire forming the mould, whereas wow wt- liave to eontrivf tlie means of 
increasing to a very great nicety the thickness or ilistribulion of tin- pulp, ami ;it l)»e 
same time to make provision for the water d.raiuing aMuy. d'iiis has liwn luvom- 
plished by first taking tlie electrotyjx* of tluj raised surface of any nuKh l or design, and 
again from that, forming in a sintilar manner ti matrix or niotdd, both of vGiieh are 
subsequently mounted ujx>n lead or gutta-percha, in f>rdi^r that tiny may withstand 
the pressure which is required to Ik* put upon them in giving im}>reKsion to a sheet of 
very fine copper •wire-gauze, wliich, in the form of a mould, aind in the hands t)f the 
vntnuin, suffices ultimatoly to produce tliose beautiful traijsj>arent effects in j«ijier-pulj». 
TRie word ‘Five ’ in the centre of the IJank of England note is pro luccil in tiie sKine 
mantisr. The deepest shadows in the W’ater-mark being fK-easionwl by the deepest 
engnTiDg upon the die, the lightest, by the sluillowesi , and su h^rth ; tite die U ing 
employed to give impression by means of the stamping press and ‘for<v ’ to tlu fine 
wire-gauze itself, which by this means, providing the die be properly cut. is ac- 
oompliiiied frr more successfully than by any other process, and with tlie additional 
adrantage of securing perfect identity. 

It may l>e iuteresting to call attention to the contrast as regarils the meth*>«i of 
moald-makiiig originally practised and that •w'hich has since been adopted by the 
Bank of ^^igUod. In a pair of five-pound note moulds, prtqiared by the old {Wess, 
there were S carved borders, 16 figures, 168 large waves, and 240 letters, which hod 
•11 to \m separately secured by tne finest wire to the ivaved surface. There were 
1,056 wires, 67,584 twists, and the same repetition where the stout wires were intro- 
duced to sui^Mft the under surfree. Therefore, with the luacking. laying, large 
figures, letters, and borders, before a pair cf moulds was eomplt?t«d, tlu re w'ere 
•eme husdreds of thogwiudi of stltdies, most of which are now avoided by the new 
Bat frither, by Uiis ttaltitsdiuoiii stitebing and sewing, the parts were 
wmn plaoed piaeieely la the eaiae poeitios, and the water-mark was consequeDtly 
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never identical. Now, the Kame die gives impression to the metal which transfers it 
to the water-mark, with a certiiinty of identity unattainable before, and one could 
almost say, never to bo surpassed. 

And may wo not detect principles in this process which are not only valuable to 
the Bank, but to all public establishments having important documents on paper, for 
wliat can exceed the value of such a test for discovering the deceptions of dishonest 
men ? One’s signature, crest, or device of any kind, rendering the paper exclusively 
one’s own, can now be secured in a pair of moulds, at the cost merely of a few guineas. 

Manufactured paper, independently of the miscellaneous kinds, such as blotting, 
filtering, and the like, wliicli are rendered absorbent by the free use of woollen 
may be divided into three distinct classes, viz. writing, printing, and w'rappijig. The 
former again into Jive, cream-wove, yellow-wove, blue-wove, cream-laid, and blue-laid. 
The printing into two, laid and wove ; and the latter into four, blue, purple, brown, and 
whited -brown, as it is commonly termed. 

To obtain a simple d(^finition of tho mode adopted for distinguishing the various 
kinds, we must include, with the class denominated writing papers, those which are 
used for drawing, which being sized in like manner, and with the exception of one or 
two larger kinds, of procis(>ly tho same dimensions as those passing by the same name, 
M'liich avo used strictly for writing purposes (the oul}' distinction, in f;:ct, being, that 
tJio drawings are cream-wovo, while tho writings are laid), there would of course be 
no necessity for separating them. Indeed, since many of the sizes used for printing 
are exactly tli(3 same as thos(^ which would be named as writing papers, for the sake 
of abritlgmcnt wo will re<liu'e tho distinctions of flifiference to Imt two heads, fine and 
coarse-, under the latter, including tho ordinary brown papers, the wliited-brown, or 
small-hand quality, and tho blues and purples used liy grocers. The smallest size of 
the fine quality, as sent from tho mill, measures 12.^ by lo inches, and is termed 
}'Ot. ; next to that f(»o]scap, 10.^ by 1.3.^ ; then post, 18;^ by loj ; copy, 20 by IGi ; largo 
j>ost, 20^ l)y 10,4; medium ]Kjst, 18 liy 22.4; slicet-and-third foolscap, 22. by 131; 
sheet -aiid-hulf foolscap, 21.\ i*y 13{ ; double foolscap. 27 by 17 ; double pot, 15 by 25 ; 
double 30! liy 19; doiiljlc crown, 20 by 30; demy, 20 by lo.^ ; ditto printing, 
224 by 175 ; medium, 22 by 174 ; ditto printing, 23 ]>y 184 ; royal, 24 by 10 ; ditto 
i rif.-tiriL^. 25 ly 20 ; supt r-royal, 27 by 10 ; ditto printing. 21 by 27 ; imperial, 30 by 
22: elephant. 28 by 2.'}; alias, 34 iy 20 ; Columbia, 344 by 23^ ; double elephant, 
2('»',* ly 40; and antiquarian, 53 ly o\. The different sizes of letter- and note-paper 
ord.inarily used are prepared from those kinds ly the stiitioner, whose busines.s consists 
chiefiy in sm- oiliing the edges of the paper, and afterwards packing it up in some 
tasteful form, which serves to attnict attention. 

Under tho eharaclerist ic names of coarse papers may be mentioned; Kent cap, 21 
by 18 ; bag cap. 11*! by 24 ; llavon cap, 21 ly 26 ; imperial cap, 22^ by 20 ; double 
2-lb., 17 by 24 ; double 4-1 li., 21 by 31 ; double 6-lb., 10 by 28; casing of various 
dimensions, also cartridges, with other descriptive names, besides middle hand, 21 by 
16 ; luiiibcr hand, 104 by 22! J royal hand, 20 by 25 ; double small hand, 10 by 29 ; 
and of the purples, such significatbms us copy loaf, 16j l.y 21;p 38-11). ; powder loat, 
IS I'V 26, 5S-lb. ; douMt' loaf, 164 l*v 23, 48-lb. ; single loaf, 214 by 27, 78-lb. ; lump, 
23 by 33, loo-lb. ; Ilambro’, 164 bv 23. 48-lb.; titler, 20 by 35“ 1‘20-lb. ; Prussian or 
tioulde lump. 3‘J by 42, 200-lb.; and so forth, with glazed boards of various sizes, 
used eiiiefly by pririters for pressing, which are manufactured in a peculiar manner 
by hand, the Ixxirds being severally compo.sed of various sheets made in the ordinary 
way, but turned (jff’ the mould one sheet upon another, until the required substance 
be attaint'd ; a ftdt is then pbiceil upon the ma.s8 and another board formed. By tliis 
lueaiis the sheei.s, when pre.-ised, adhere more effectually to each other, and the boards 
consequently become much mt.re durable than would be tho case if they were pro- 
duced by pasting. Indeed, if any great aiuouiiL of heat be applied to pasteboards, 
they will split, and be reiidiTed utterly u-selc.^i.^;. The glazing in this case is accora- 
jilishc'l by friction. 

To complete ttie category of coarse papers must be mentioned milled^ boards, 
employed in l)ookbindiiig, of not less than 156 descriptions, as regards 
substances. IStill, however, an incomplete idea is conveyed of the extraordinary 
number of size.s and descriptions into which paper is at present divid^. For instance, 
we have said with reference to v riting qualities, that there ax&Jive kinds, cream-vmve, 
ycllow-wove, blue-wove, cream-laid, aud bhie-laid ; and again, that of each of thosa 
kinds there are numerous sizes ; but iii addition there are, as a matter^ of coursa, 
various thicknesses and makes of each size and kind. In fact, no house m London, 
carrying ou the wholesale sUitionery trade, is without a thousand different sorts; 
many keep stock of twice that number.* 

‘ For fnrt.licr information uj^vn thk point, ace the * Practical Guide to the YarieUes and Rdativa 
Valnea of Paper.’ Longman Ai Co. 

VuL III. K K 
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TIm fUttatity of paper manuf^ictured in this country nt the commencement of the 
eiglitmtiL eentnry appears to have been far from sufficient to meet the necessities of 
ilia tiliMii Etsu in 1721 it is supposed that there were but about 300.000 reams 
of paper anmially produced in Great Britain, which were equal merely to two-thirds of 
the eonaumptlon. But in 1784, the value of the pipiT manufactured in England 
akme la ataM to have amounted to 800,000/. ; and that, by reason of the increase in 
piioe, aa alao of its use, in less than twenty years it nearly doubled that amount. 

It may bewail to append some extracts from various Piirliamentary returns relating 
to the f^ise duties levied upon paper : — 

In one return, specifying the rates of duty and amount of duty received upon each 
denomination of paper since 1770, it appears that the total amount of duty on paper 
manufactured in England for the year 1784 was 46.8G7/. the duty at that 

time being divided into seven distinct classes or rates of collection ; while twenty 
veam after, when the mode of assessing the duty w’;\s nnlucod to but three classes, it 
nad risen to 315.802/. 4s. Sd.; in 1830, fifteen years after, to 619,824/. 7«. llrf. ; in 
1835, for the United Kingdom, to 833,822/. 12.s.*4f/., or, in weight, to 70,655.287 lbs., 
which was, again, within so short a period as fifteen years, very nearly (loul>led. 
Since 1859 it has not been possible to colled any exact information as to the quan- 
tity of paper made,' with the cessation of the duty all means of obUiiuing returns 
ceased. 

The latest ];ptarn6 of the paper-mills in working order in England give the number 
as 272 ; the mills in »Scotland as 57 : and those in Ireland as 21. 

The character of the production in the English mills is given as follows : — 


Making writing pape-rs (hand-made) 21 

,. „ ,, (machine-made) . . . .22 

,, Printing News and Long Elephant^ . . . .96 

„ Cartridges 29 

„ Grocery papers (white and coloured) . . .48 

„ Small hands and caps 50 

„ Broinis 108 


Considering the enormous extent of tlie paper-manufacture, and the vast improve- 
ments which have taken place in connection therewith, ii is not a little remarkable 
that, with the exception of the unfortunate Fourdriniers, who wicrificed their all to 
present to mankind the bare principles of the art, as in tlie main they now exist, no 
other name should rest upon the page of history as being similarly asscxriatod with 
those many introductions and improvements which have successively raistsl the pajHir- 
manufacture to the apparently perfect standard which it has at length attained. It is 
true there would be no difficulty in recortiiug the names of very many wlio, by the 
employment of the wealth which they hjivt inherited, are now altogether unsuiqiassed 
H8 paper-manufacturers; and it is equally true that if wc turn to the llejKjris of the 
JurorB of the Great Exhibition of 1851. we shall find many other names more or less 
distinguished by the greater or lesser importance of the materials or moans for w'hich 
have themselves applied for and obtaiiuHl the security of a patent. Still wt* 
search in vain fop any name upon record as indicating the true genius to whom is 
chiefly owing the surpassing beauty of the finest specimens of the pajier fabric. 

Undoubtedly the most enterprising and suece.sgful paper-manufacturer of las day 
W!M Mr. William Joynson, of St. Miiry Cray, Kent, who ly individual effort succeeded 
ill wesldiig hie upward way from a poor and uneducated journeyman, in a humble 
paper-mill, to the level of the most respected, and probably the most wealthy of jjaper- 
aumtifiMturerB. 

But Mr. Joynson, distinguished as he was for the superior finish of his writing 
papecB, was not tito originator of the process by which thni finish was attained. At 
the ooft of much time and some thousands of pounds, Mr. Joynson laLoaroti to acquire 
a knoiHedfle of the means by which that peculiar character and surface was so suo- 
oeiiftilly aeeompliabed, which, it is said, was first given to writing piipersat the Helc 
papar-Bulla, near Oollumpton, Devon, by the late Mr. John Dewdney. Not only in this 
but in many othefs, Itr. Dewdney rendered very distinguishcHl sendee to the art 
of papor-makijig ; probably no man more so, and yet throughout his entire life as a 
prpOMmuiafliictiifor he never once patented a single invention, or refused admiuing to 
his mill lay penma pho wished to go over it. Whether the same kind-beartt^l 
And genctoiB spirit that a|^>eari uniformly to have prompted Mr. Dewdney 
ths eoodi^ of hss busineis would be coiuivt^nt many niHV 

qwMkw. m iadatd in pnetiee most do; but with Mr. Dewdney it certainly 
***J|J^ no bid wd, lor ifUr loquiring a competency for himself and each 
•jwwsr flf 1 huge fiimily, he quieUT retired from the paiw-munufacture ; and in 
»• usny put of the yeir 1852, iminediately after the Commissioners of the 
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Great Exhibition had awarded him a prize medal ‘for the excellence of hiswritiiig 
papers, and also for the permanent dye of his blue i)apers for the use of starch manu- 
facturers,’ he disposed of his well-known mills and everjrthing connected with them, 
to his old friend and competitor, Mr. Joynson, to whom to the last day of his life he 
continued warmly attached, and by whom he was ever consulted upon the various 
alterations and inventions which were adopted at St. Mary Cray. 

The circumstances of Mr. Dewdncy’s decease formed a pairiul coincidence at the 
close of so remarkably energetic and useful a career. He it was who first introduced 
a steam-engine for paper-manufacture into the county of Devon ; and at the Hole 
Station, adjoining the Hole mills, almost on the same spot where thirty years previously 
lie roared his engine for manufacture, the engine of the express train from Bristol to 
Exeter struck him dead. 

Another method of making paper, which was invented by Mr. Dickinson, consists 
in ciiusing a polished hollow brass cylinder, perforated with Wes or slits, and covered 
w'ith wire-cloth, to revolve ov'er and in contact with the prepared pulp. The cylinder 
being connected with a vessel from which the air has been exhausted, the film of 
pulp adheres to the hollow cylinder. It is then turned off continuously upon a solid one 
covered with felt, upon which it ivS condensed by the pressure of a tliird revolving 
cylinder, and is thence delivered to the drying rollers. This description of machine 
is not suitable for the manufacture of any paper requiring strength. Indeed, 
tliroiichout the United Kingdom there are probably not more than a dozen in work, 
and those chiefly in the manufacture of thin tissue papers. 

Since I Sho our Imports of papers and materials for paper, and our Exports of paper 
l.ave been us follow : — 

Importations of Paper for Printing or Writing : 

186u ISGfi 18G7 1868 1869 1870 1871 1872 

ewt-'-. rwts. ewts. cwts. ewts. ewts, cwt«. cwts. 

H8,u24 169,008 17M29 177,220 169,274 173,616 158,885 205,510 

Importation of Rags and Pap(tr-niaking materials : 

tons tons U)ns tons tons tons tons tons 

18,:i68 24,408 19,201 17,902 17,027 22,394 26,868 22,254 

Importations of Esparto and other materials : 

52,788 70,580 55,972 96,539 89,156 110,389 ir>4,357 115,157 

Exportations of Paper other than Hangings : 

cwts. cwts. CWta. CWtH. cwts. cwts. cwts. cwts. 

H5,262 210,892 200,632 186,597 214.933 177,683 228.894 303,293 

The Imports of paper for priutiug or writing made in 1873 were 195,336 cwts.; 
and ill 1874. 192,200 cwts. 

PAym«80Z MAJKIMO MACBZSrS. Among the most novel pieces of 
mechanical cim.*»triiction recently bnmght to public notice must be reckoned the 
machines invented by Mr. H. K. ileyl, Phihnlelphia, for making paper- boxes, and for 
the first time publicly exhibited at a recent monthly meeting of the h^anklin Institute, 
’J’he machines in question are the result of years of piitient labour and perseverance, 
and the iiiventor is deserving of all praise for having so completely and efficiently 
triumphetl over many difficuUic.s. He ha.s in the past seven years built three machines 
fur making pujier-boxes, the last aud most perfect of which has just been completed, 
and is the one referred to as having been placwi on exhibition. As to the usefulness of 
machinery to produce pa}'cr-boxos with greater rapidity and economy than by hand 
labour, little need bo s.ii»l, since a simple enumeration of the various branches of 
indu.stry in M'hieh they are indispensable, affbnls superabundant endenco of their 
great utility — viz., perfumery, jewellerjs hardware, trimmings, matches, and a host of 
other brauche.s. 

The first maciiine constructed l)v Mr. Hevl for this purpose was adapted to the 
automatic shaping, and fjistoning bV paste, of the usual rectangular box, varying the 
stylo according to the materials useJ. The capjicity of this machine is 2,000 boxes in 
ten hours — u cajwicity which is equivalent to the duty of ten of the most expert work- 
men employed during the same time. 

The second machine has for its object the production of boxes for yarions pnrpOMi 
without tlie use of paste, tlie fastening of the etlges of the paper being acc omp l is hed 
by delicate pieces of iron wire, measuriHl and shaped by the machine into miniature 
staples, wliich arc presset.! throiigli the material and clinched at the proper instant. 
The primary design of this second machine was the production, at rapid, rate and 
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of Biatch*baz 60 and other cheap receptacles for tncks, screws, and various 
ABudd artielee ; and the substitution of wire-fastenings for the paste, besides greatly 
ineseaaiag the duty of the machine, is quite a desideratum on other accounts. It is 
•aid by uose fu^liar with tlie deUiils of such trades, that the delay in drying the 
bcHQMi when pasted, which often occurs in damp weather, frequently interferos with 
the shipment of large invoices of goods : in some cases of protracted damp M'eathor, 
the paper-boxes really mildew before they dry, and might ruin or seriously damage 
the goods packed in them. It was to obviato these obvious, but to others insuperable, 
difficulties, that the inventor has produced thewire-fasteningmacliine we Inive alluded 
to. The work accomplished by it is not only neater and st ronger than that done by 
hand, but the rate of production of one machine is that of sevent y-live workmen. The 
method of fastening tlie edges of the paper with wire staples is as follows The \nro 
is wound on a spool, from which the proper lengths ari* drawn by tlie macliino for 
each box ; the staples are formed and brought each to its jdace, at right angles with 
the box materia], and are made at the projier moment to paneture it, u]X)n which they 
are, an instant later, firmly clinched on the opjiosite surfac*c, The power of impact 
exerted at right angles with an opposing surface is here iK'autifiilly illustrated ; and 
be it remembered, that the entire pr^uction of the ]»ox is to be ascribed to the 
machine, every portion of the work being automatic. Tlu* machine sizes the slips of 
wrapper singly, and shapes them, and throws out a match-box complete — oven to 
being toueh^ with glue and sprinkled with sand — at the rale of 30,(>00 pieces per 
day of ten hours. 

The tliird machine is simply a modified form of the one just described, in which 
its metallic fiistenings and general movements are a]>j>lied to the production of 
rectangular l>oxes of superior quality and of various siz»>, applicable for safe }*ackages 
and display of articles of luxury. 6:c. The completion of these machines is a nalisat ion 
of the labour of seven years, and they are now busily plying their functions with 
perfect success. 

The invention of the paper-box machine, by wbich the supply of articles indispen- 
sable to many of the small-ware producers is vastly incriais(»d aiid cheajx'iied. cannot 
fail speedily to result in the complete substitution of machine-labour for tin.' hami- 
labour formerly universally employed for the jturpose; while, from its }>i;rfeci 
adaptation to the uses for which it is designed, and the mechanical ingenuity dis- 
played in its conception and design, it is worthy of all ]»raise. 

> il CMM, Tlie fine old philosopher Boyle says : — 

‘Though paper l>e one of the commone.st iKjdies that we use. there are very few 
that imagine it is fit to be employed other ways, in writing and printing:, or wrapjdng 
np of other things, or about some such obvious pii-ee t»f service; without dreaming 
that frtimeB of pictures, and divers fine pieces of embosstjcl work, with other curious 
moveables, may. as trial has informed us. be made of it.’ 

The origin of the manufacture of articles for use or ornament from jiajar, is not 
very clearly made out ; we are nat urally led to believe, from tlu name, iliai the French 
mast have introduced it. "We find, however, a I'l’ench writ* r ascribes the merit of 
producing paper ornaments, to the English. After describing some peculiar orna- 
mental work, the writer proceeds : 

Aa thU work had to be done on the s]*ot. and with much rapidity of execution, in 
order to prevent the stucco from .setting hefore it had acquired the intended form, 
the ait was somewhat difficult; the workman had Xo <lesign alm(»st as he worked ; 
therefore, to do it well, it was neces.^.ary that he should have some of th(^ ^equirL•nient^ 
and qualities of an artist. This ci rcumstance, of c<jupsf. tended very inu di t i limit 
the number of workmen, and their pay l>ecjime projsjrlionally large. Tiie artisans 
aesnmed more than belonged to their humble rank in libn and ultimauly the workers 
in otneco eombined together to extort from their employers a most inoniiimte rate of 
wageo. It would be superfluous here to deUiil all that followed ; it is sufficient to state 
tiiat the total min of their art was the final result of these delusive efl'ort.-- to promote 
thw individaal intereeta. 

OontriranM were reeorted to by the masters which soon snpfd.inttHl the old mode 
ef wnsiditf in ftneoo. The art of moulding and casting in plaster, as pre\nously 
pTMtiaed la Fnwoe, wna genemlly introduceti, and the art of y^renaring the pulp of 
beoeine improved and extended, so as ultimately to render practicable tlie 
nf in the formation of architectunil decorations. Thus, at last, 

extingnsihed the original mode of producing stucco ornaments, and there pro- 
Iwhij has not been flnr many yaoni a single individual in Englaud accustomed to that 

j ^ * Osmtlsimaiih Magamne,’ we learn that many of the flue old ceilings in 
Miliid nf the Stixahethan m are of papier-mkeh^. The handsome ceilings in 
House are of this matsiiaL 
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A kind of papier-mfi-ch^ has been introduced, called fibrous slab ; for the preparation 
of this interesting material the coarse varieties of fibre only are required. These are 
heated and subjected to much agitation, to secure the reduction of the fibre to the proper 
size. This being effected, the pulp is removed and subjected to the action of the desic* 
eating apparatus, or centrifugal drying machine. By the means of this apparatus the 
water is driven, by the action of the centrifrugal force, from the fibre, and the pulp 
can thus bo obtained in a few mimites of an equal and proper degree of dryness, and 
this without the application of any heat. The mass thus obUiined may be regarded 
as a very coarse mixture. 

This fibrous pulp is next combined with some eaithy matter to ensure its solidity, and 
certain chemical preparations are introduced, for the double purpose of preserving it 
from the attacks of insects and to ensure its incombustibility. The whole being 
mixed with a cementing size, is well kneaded together, steiim being applied during 
the process. While the kneading process is going forward, an iron table running 
on wheels is properly adjusted and covered with a sail-cloth ; this table being arranged 
ho thnt it passes urnler an immense iron roller. The fibrous mixture is removed from 
tlio kneading troughs, and is laid in a tolerably uniform mass upon the sail-cloth, so 
as to cover about one-half of the table ; over this again is placed a length of sail-cloth 
equal t o that of the entire slab, as before. This being done, the table and roller are 
set in action, and the mass passes between them. It is thus squeezed out to a per- 
fectly uniform thickness, and is spreatl over the whole table. The fibrous slab is 
passed through the rollers some three or four times, and it is Mien drawn off upon a 
frame fixed upon wheels prepared to receive it, by means of which it can bo removed 
to tlie drying ground. The dr^-ing process of course varies much with the tempera- 
ture and dryness of the air. It does not appear necessary that these slabs should dry 
too quickly, and there are many reasons why the process should not be prolonged. 

IVe tried an experiment upon the non-inflammability of this material, by having a 
fire of wood made upon a slab and maintained there some time. When the ashes, 
still in a state of vivid combustion, were swept away, the slab was found to be merely 
charred by the intense heat. Beyond this, a piece of fibrous slab was thrown into 
the miildle of the fire and the flames were urged upon it : under the influence of this 
intense action it did not appear possible to kindle it into a flame; it smouldered very 
slowly, the org.'.nic maUev charring, but nothing more. 

Tlie Fibrous Slal) Company produced a material which, in many of its applications, 
promised to prove of the greatest utility, wdiilo much additional value was given 
to it from the ciixnim. ‘Stance of its resisting the attacks of insects, and being nou- 
inilammabh'. We believe, Jiowevcr. that this manufacture has been iliscoutiiiued. 

J'djher-Mt'iclit maybe snid, therefore, to consist of three varieties: — 1. Sheets of 
paper ]iasred together, ex])osed to great pressure, and then polished: 2. Slieets of 
eo-j-ideral'lc thickness, nmde from onliiiary paper-pulp ; and 3. Such as we have de- 
scriljed in t!u* inaiiiifaet urn of the fibrous sla!». — E. J. H. 

A new compjsition was patented, in 18o8, by Mr. John Cowdery Martin, which 
he ile-'^ignatid a * Plastic curupoiind for the manufacture of articles in imitation of 
Mood carvings, ^cc.’ The patentee thus describes his process, and the resulting 
material ; — 

* The object I have had in view is tlie production of a plastic compound applicable 
to the manufacture of moulded articles, which, when hardened, resembles wood in the 
rloseness of it-s texture and fibrous characU‘r throughout, and is piirticularly applicable 
to the manufacture of articles intended to imitate M'ood-cavvings. The new manu- 
fficturo may also be called centmic jHipier-mdche, from the wax-like character of the 
Cfiinpound Mlien in a suti state, or before Iiaixleniiig. The compound consists of 
tM’tmty-eight parts (dry) ly'Miifrht of paper- pulp, or of any fibrous substances of 
uhich jjaper may be made, reduced to pulp by means of an ordinary beating engine, 
or other means ustd for tlu- manufacture of pulp; twenty parts of resin, or rosin, or 
pitch, or other resinous suli-^tancc. I prefer resin or ru.'.iu : ten jiarts of soda or potash 
to render the resin soluble ; twenty-four parts of glue, tM’elve parts of drying oil, and 
one part of acetate or sugar of leail. or (»ther substance callable of hardening or drying 
oil. The pulp after leaving the beating engine is tt) be drained and slightly prMSod 
under u screw or other press. t<» free it jairtly from M’ater. The resin and alkali are 
then to bo boiled or lieated together ami Mt ll mixed. The glue is to be broken up iu 
pieces and melted in a separate vessel with as much water as will cover it, and then 
to be added to the resin and alkali, M'hicli mixture is then to lie added to the pulp and 
thoroughly incorporated with it. The acetate of loail well mixed in the oil is then to 
1)0 added, and the wdiole mass or compound is then to be thoroughly mixed. The 
quantity of resin and alkali, in proportion to the glue uswl, might vary, or glue might 
even bo disi>ensed with when t he acetate of lead Mould be proportionally increased. 
After mixing the compouudf it is to remain exposed to the air for three or four dayi 
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b«fere lUUig, and to be continually turned to free it from Rome of ks moisture, for the 
p mp m of partkllj dzying, when it is to be well kneaded, and again exposed to tlio 
air W a few hows ; and this operation of kneading and partial drying may be repeated 
natil the compound is considered to b© sufficiently stiff and plastic, ns, during the 
puc eai of kneadinff or working together, it becomes extremely plastic, resembling 
firaoi thia quality, lAen sufficiently kneaded, wax or clay, and it may then be worked, 
^W i iod , oir mmilded into any required form. The compound may be kept in a plastic 
•tata for aoma weeks, or even months before using, if requirt'd, by keeping it from 
expoenie to the air and occasionally kneading or working it together. The moulds 
diould, preTious to pressing therein the compound, l>e brushed with oil, or with oil in 
which is mixed a little acetate of lead. The article taken from the mould is to be 
thoroug^y dried, and afterwards it may be baked in an oven at a moderate heat, the 
tempmture to be low at first, and gradually increased, care being taken not to scorch 
or iiyure the fibres of the com|wund. The plastic compound so made and treated 
aoquiM many of the peculiarities of wood, as regards hardness and strength, and it 
maybe cut, or carved and polished, if required. Any colour may lie added to the 
compound when in a soft state, or two or more portions of the compound, stained with 
diffiirent colours, may be worked together to form a grain to more nearly imitiite the 
apUNMirance of wood. The use of the alkali being to render the resinous subsUince 
somciently soluble to combine with the wet pulp, a more or less quantity than that 
given in proportion to the resin may be used, according to the degree of solubility 
thought to lie necessary, Wien |x)tash is used, it may lie dissolved in water before 
being heated with the resin. The quantity of glne may vary, and may be increased 
to twice the quantity of resin, or even more, or snflicientiy so as to dispense with the 
acetate of lead, as it gives hardness, and with oil prevents the eom]»oun(l from slicking ; 
but mixed in this manner it cannot be so well kneaded, and does imt retain so line an 
impression. I prefer using with tin- ingredients as above ment ionr.l the acetate of 
lead; but half a part hy weight of a solution of sulplmrii* or (Hher acid, diluted with 
twenty times its volume of water, may be substitutetl i'ov the one }i:ir( of acetate i»f 
lead. The oil mixed with the other ingredients is ustd to prevent the compound frun 
adhering to the surfjice of the moulds, but the le.sR oil c^ 1 n^istontly with this obj^s t 
that is used, the better. Only half the prop<'>rt ion (*f oil stated to be used ;is .nbov«* 
maybe added at the time r>{' mixing the ingrwlients of the compaind. ami the rcnuiindcr 
maybe added during the process of kneading or working up the mass. 1 wish it t«i 
be understood, although I prefer to use resin or rosin or piuh to form the comimiind. 
that other resinous bovlies soluble with alkalis may Ik* used, as the gums copal, mastic, 
elemi, lac, Canadian balsam. Venice turfientine, or ^ttlnr resinous bodies of a like kind, 
either separately, or mixed according to tiir fa<*ilii v with which th<‘y will c(jmbine 
with wet pulp, and the convenience with whi<*}i ilic eomj'ound may be woikeJ, as vill 
be well understoo'i by ]iersons C'lriveiisant with these sul*sr«tnees.’ 

WJL mrg PX aiWTMt. Iree JjjGESTm. 

yyilif ; from parum afinh, indiciiting the want of affinity which this .“nU 
Btance exhibits to most other bodies. 

Paraffin ia a white sub.stanee, void of uist< and snn 11 ; it has a specific gravity of 
0*87; melts at IIS'^ Fahr.. and boils at a ljigh*r temperature, v itli tic cxlialMtion of 
white fumes; it is not decomposed by dr\- distillation ; burns with a eleur wldic flame, 
without smoke or residuum; and does not stain jmper. Jt is d(K’ompf»M-d ncitlicr l*y 
chlorine, strong adds, alkalis, nor potaRsiiim : and mixes by fusion with sulphur, 
phoaphoms, wax, and resin. It dissolve.*^ readily in warm fat f>ils, in cold ©.s.^'iitial 
oUak and in ether, but sparingly in boiling absolute alcohol. It has bet n id-uincd by 
the deatructiTe distillatioD of peat, wax, w(kk 1, bones, eoal, and shale. 

The solid obtained is manufactured into Vieautifnl eandk's, more tlian o.ooo 
toM bmng em|doyed annually in this manufacture. Tlio lining of l>eer- barrels, the 
of jama, fruits, and meats, and wator]»roofing and HofleniriL'* t-f fa!)rics, arc 
aome of ita p«itented uses. It may also be used as nn insulator. Soft paraffin is inncii 
em|doyedin the lncifer>mateh manufacture. See Nai'htha ; IVIiNKiiAi. Camili-.s ; Ibj^ r ; 
BMfmimzmi RismxATioK ; Petkolkum. 

Pumffin i» n generic tenn for a series of compiounds of carbon and Ijydmgcn, in 
which the hydrogen is in the highest proportion to the carl>on in wiiicli these elemcnt.H 
caa unite. Maiuh-gaa, the lowest member of the series, contiii ns 1 atom carlKin to 
4 ^ hydrogen ; the other members tbence aiicend by an jidditiou of CH“ to very com- 

liUottod ndeealcs, thus 

CH*, marsh-gas or methane ; 

C*H*, ethane ; 

C*H*, propane ; and so on. 

%iodie oblahitd two poiuffini ftum bees' -wax ; one bad C^^ and the other ; while 
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paraffins still higher in the scries are known to exist. By removal of tw’o atoms of 
hydrogen, any member of the series may be removed into that of the olefines: thus, 
ethane ~2H gives olefiant gas. Beginning with highly permanent gases, the paraffin 
series passes gradually into very volatile liquids, thence through those of less vola- 
tility into solids melting a little over ordinary temperature, and up by higher-melting 
solids to one fusing as high as 176°Fahr. The petroleum of commerce consists 
entirely of this aeries ; whilst the so-called paraffin oils contain only ^th or |th part 
of it, their other constituents being mainly olefines. 

The softest of the solid paraffins boil over 600° F. ; l)ut those of the highest melting- 
point only decompose slightly by distillation. Chlorine passed through melted paraffin 
gradually converts it into a thick clear liquid like c^astor oil ; but, by longer continued 
action, changes it to a brittle sob'd. Bromine acts on paraffin when both are heated 
together in sealed tubes. When equal quantities of sulphur and paraffin are heated 
together, a current of pure sulphuretted hydrogen is genenited. Sulphuric acid, 
heated to n, very high temperature, chars paraffin on contact, with evolution of 
sulphurous acid. Nitric acid reacts on it, producing an oily nitro-compound, and also 
acids of the succinic and butyric scries. 

The manufacture of paraffin and paraffin oils from cannel and shales has now 
become one of the important branches of national industry. The rapidity of its de- 
velopment is almost unexampled. 

At the expiry, in 1861, of the patent of Messrs. Young & Co., a long list of wealthy 
and influential corap;inies emljarkod in this new industry, principally in the Bathgate 
oil district whicli has extended throughout nearly the whole of Linlithgow, and en- 
croaches upon Edinburghshire ; and the Leeswood oil di.strict in Flintshire. But the 
great importation of American petroleum brought on a crisis in 1866 ; and ever since, 
tlirough various cjiuscs, this new manufacture has been dwarfed from its first antici- 
pated gigantic dimensions. 

The Scotch oil wr)rks are almost exclusively supplied with shales, of which the 
most importint is iho Boghead or Torbane Hill mineral, the technical definition of 
which, whether cojil or shale, was once the subject of so warm a controversy. It is 
found a little to the south of Bathgate. It takes precedence of all the raw materials 
for tlic distillation of paraffin and paraffin oils, both historically and in point of rich- 
ness. It was the material originally worked by Mr. Young, as above described ; but 
llic limited basin containing it is now virtually worked out. The other shales of the 
district vary considerably in richness, both as regards the quantity and quality of the 
ilistilled piHKluct.s. See Shai.es and Mineral Oils. 

In Flintshire three varieties of material were used : the curly cannel, the smooth 
ranncl, and the bottom shale or ‘ bastard cannel.’ But the high price now given for 
them by gas-makers has withdrawn the first two minerals from the raw material of 
the oil-manufacturer. The demonstration of their value as sources of paraffin, &c. is 
due entirely to the persevering efforts of Mr. W. C. Hussey Jones, during the years f)f 
1861 and 1862, which finally resulted iu the formation of the ‘ Leeswood-Green Cannel 
and Gas-Coal Compjiny,’ and the oil works of Messrs. Fcrnie & Co., at Leeswood in 
I'lintshire, and at .‘^altiu'y in Cheshire. 

The Leeswood cannel-seam is from o to 6 feet thick in the best portions of the 
basin, which is but of a very limited area, anil thins out at its boundaries. The upper 
]Kjrtion of tho seam consists of the smooth cannel, having a thickness of about 25 
to 30 iiiche.s ; next below is tbe curly cannel, about IS inches in thickness; and 
bflow this the shale or bastard cannel, which varies coiusidinibly. both in thickness 
and richness. It ranges frtim about 14 inches to 2 feet in thickness. In some places, 
especially to the westwarl of Lt'c.swood, this .shale is replaced by a common bitumi- 
nous coal, which, adhering firmly to the smooth catinels, seriously interferes with its 
value as a source of burning-oil; the distillate from this coal containing oils of the 
benzole and naphthaline seric.*i, giving red smoky flames. Northward, beyond tlie 
river Alyn, and towards Mold, the whole seam thins out to 18 or 24 inches, and con- 
tains only smooth cannel. 

Besides tliesu, there is a Intuinirious ironstone similar to tho ‘black-band ironstone’ 
of Scotland, which comes in irregularly w'ith tho iKjttom shale ; and a black shale 
forming the roof above the smooth. Both of these contain oil, but have not hitherto 
been regularly worked. 

Curly cannel yields upon distillation .about 30 per cent, of crude oil, of Spwific 
gr.avity varying from 875 to 890; smooth cannel, about 16 per cent, of crude oil. of 
specific gmvity from 925 to 940 ; ami the shale, w hich is veiy variable, yields from 
12 to 15 per cent, of oil, specific gravity about 900. 

Ah cannels yielding a t*oke are limited in area, and ai*e valuable in gas-making, it 
is now found commercially unprofitable to use them in oil-making. All the Wekdi 
seams above described, except tlie lowest one, are no longer put into the retorU ; 
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oonsequeutly crade^l making does not flourisli in this, for tlirco years, once l»Tisy 
eeotre. The Flintshire refiners now look to SeotlaiKl for the raw material of tluar 
mannfscbnre. ingenious retorts designed specially to nso caimel, some of which 

were Ihlly deecribea in a previous edition, are now abandoned. 

In the eitmction of crude oil, the cannel or shale has to be enclosed in a suitfiblo 
Tenel, enlgacted to the degree of heat necessary to drive off its condensible vapours, 
which vaponre must passthrough an outlet communicating with a suittiblc condensing 
appai^ue. 

iTiis is simple enough ; and, for the mere production of paraffin oils from cannel or 
ehale, any kind of pot with an outlet-pipe, heated sufficiently l)y any kind of fire, will 
suffice; but to produce the maximum quantity of condcnsihJc vajxiiirs, and the viini- 
mum qtiantity of incondensible gas, vith the greatest degree of ra}>iditv, .'itid with the 
smallest amount of outlay in plant, labour, and fuel, is a problem of some practical 
difficulty. 

At first sight, the distillation of crude oil from oannols and shales appears almost 
identical with gas-msking. and, accordingly, the early retorts were simply copies of 
those found b}' experience to be most suitable for gas-making. 

It soon became understood, however, that some of the most important conditions 
to be observed are exactly the oj^jxisite of those upon wliieh success in gas-mnkiii?T 
depends. In gas-making the desideratum is to obtain tlie maximum amount of pir- 
manently elastic gas, and tlie minimum of condensible vapours ; in oil-making, we 
require to reduce the permanent gases to the minimum, or. if possible, to make 
noue, and to obtain in their place tlie greatest possible quantity of condensil'le 
vapours. It is now well known that if these condeii'-ible vapours are (“xpo.‘ied to 
a high temperature they are decompostKi. .and to .t cnsiderable exumt converted 
into permanent gas, and that the projwtion of permanent gas l>ears some nlation 
to the excess of temperature ; the greater the hcuit. th<- more incondensible gas and 
the less condensible vapours are formed. Jn gas-making, tlnrofon . a very hinii tf ni- 
perature is desirable ; in oil-making the great object t > subject the coal t'* no excess 
of temperature beyond that which is al»SQlutely necessary for its distillation into con- 
densible vapours. 

Without dwelling further on obscure theoretical considerations, we may state, 
generally that the practical result of exce.’^siv*- heat i,-. besides :t wastefid p’-odia'- 
tion of permanent gas, the production ot a crude oil of dnrker colour, higher specitle 
gravity, and possessing a eharacteristh* odour well ktiown to practical oil-inalo rs .* s 
that of ‘burnt oil.’ This I'urnl crude oil euntains Ic’-s soli l p raffin. aU'i i.« riiueh 
more difficult to refine than crude oil made .‘-.t a lower t*'mpir.!turr from likf Tinteriiii. 
It requires much more aci-d treatm^>nt. and even then j roduees buniing-c-ii. uhie)i 
still retains the ‘ burnt ’ odour, and blackens the lamj-pias-- 

The difficulties standing in the way of di.«tillati^>:i at the projn r tMn))eralure .ire ; 
1, the necessity of decomposing before disiiD.iii '?, : 1'. iIk- varying boiiing-poin:.> 
erf the different products ; a. the law of radiation, w.hicli dema:. ;s a higln r tein- 
. perature in the retort than mat of coal ; and 4. ihe coninKTcial necessity of ra]>id 
working. 

We will consider lhe.se ^eriotnn ; and. in (.b-seribing tin- improvements and 
attempted improvements in retorts, refer earl, to \]n: difficulty that it aims to (jvei - 

come : — 

1. Although these hydr<x'arbons known ;;s ].araffi?i oii.- and jiara.inn art <.! laii.i d 
from the cannel by distillation, it is (piite clear that th« y do not exi>t there as such. 
We mfty saturate a mass of the porous cann* ! cokt with these liydr'eMrlK)n^. ur wiiii 
crude solid paraffin, and produce a fiaming coi»] th.T< !*y. v Jiicj;. ii|<o:j (■.•irt iui i!is:i]:a- 
tioD, will give buck the volatile hydrociirlx.ns ; i»ui lids .iriifu iali \-,saturaVtd e(;kf i.s 
SSSontiallydififoreDt from the original cannel. as siiow.n by liie fm-i iliai u e luay remove 
the bjdro^bon from the saturated coke by pounding it and washing with ii soivrni 
of paraffin, Ac., while the cannel itself resisLs the action of all sueli solvents. 'Jdie 
same is the case with Boghead and paraffin shale.s getierally. ili(*ugh tJiey are not 
Uiiftsraeiitly described as porous minerals merely saturated with bitumincius mutter 

innltration. Mr. GellatJey of Bath^te proved this experiim nudly by eonverting 
paraffin into anthracene and naphthaline by passing its vapours tiirougli u red -h a 
tube. 

The distillation of canneis and shales is tlius a m ue c omplex pr<ocess tlian tiiC 
distillation of a volatile oil, a resin, or bitumen. Jn the latter ca.vt iho substance is 
marelj raised to its boiling-point, and this heat lieing muinUiined ii> \.j|>our is driven 
off. In the distillation of coal, the first function of the Imat i.s Uj overeomo the 
ekciaicid affinitias which hold the hydrocarbon elements in Ute j^euliar form iu whiidi 
exist in the ooal, and then after this separation to drive their vapours over. It 
IS a ooBipQiiiid lONWsss of dseomposition and distillation, and the heat has to overcome 
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the combined forces of chemical and cohesive attraction. Hence a considerably higher 
temperature than that of the mere boiling-point of the resultant hydrocarbons is 
necessaiy. Here, then, at the outset we encounter an insxiperable necessity for heating 
tlie Vfipoiirs considerably above their boiling-points — to a temperature, in fact, at 
whicli some degree of further decomposition must take place, and some amount of 
permanent gas must bo formed. 

2. The boiling-points of the different volatile hydrocarbons obtainable from the 
cannel or shale, range from about 200° to about o00° Fahr. In order to drive off 
the latter, we are compelled to raise the temperature to about 300° above the boiling- 
point of the former, exclusive of the excess of heat required for the primary decompo- 
sition described under No. 1. 

3. When any kind of closed retort or oven is used which is charged internally, 
and the coal receives its heat from the outside, it is not merely necessary to raif^e 
the temperature of the sides of such retort to the decomposing and distillation-heat, 
but to something above this heat, as no body can give off any heat by radiation 
or convection to another body unless it l»e hotter than the body which is to re- 
ceive the hcfat. As the quantil v (»f lieat communicated by radiation to a given 
surface varies inversely with tlio square of the distance from it, this difference of 
temperature r(K^uire8 to be iiicroasod very considerably, as wo enlarge the retort 
in any manner that increases the disbinco of portions of the coal from its healed 
surface. 

4. The commercial necessity of rapid working, in order to economise original out- 
lay upon plant, drives us to enlarged retorts acting disadvantageously under No. 3, and 
to exaggerate the excess of temperature of the retort- surface, in order to effect rapid 
communication of heat. 

It will be at once understood that the combined action of these four necessities is 
to expose the vapour that is formed to the action of the greatly-superheated retort- 
walls, and thereby decompose it. Tlie primary object of all improvements, beyond 
those directed to economising labour and plant, is to overcome or diminish these 
.‘'Ources of loss and deterioration ; and, in describing the different forms of retort, we 
shall refer to their intent accordingly. 

It will bo readily seen that the first of these difficulties is insuperable, that the 
others for the most part can only be partially overcome, and thus that the process is 
uectssarily wasteful to some extent. All crude-oil works until bitely presented a 
])ainful manifestation of this in the flaring jots of gas that illuminated so vividly tho 
surrounding country. Tint this waste gas is now utilised in supplying small towns, 
like Jlathgiite and West Caldcr in Scotland, with a cheap illuminant; or in generating 
heat for the boihrs and retorts after tho light condensiblo oil has bcin suitiibly re- 
laoved from if. ^'oung's (’ompuny recover in this way a gallon of mineral spirits in 
evri’v th'>iis:u]d cubic brt of gas generated. 

Tho first step madt; in Wales beyond using the common gas-retort was to increase 
greatly the width and diminish the height of the D-retort, and forming thereby the 
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‘ flat D; now very extensively used, and by most manufacturers still regarded as prac^ 
tically the most useful form of retort. As almost every firm has its particular pattdni» 
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we can only state dimenBions generally : from 8 to 10 feet is the usual length ; width, 
from 30 inches to 6 feet 6 in^es, commonly 3 to 4 feet ; and height, from 12 to 24 
inches. The verdict of experience runs in favour of further flattening down to the 12 
inches. 

Fiff, 1608 represents the general arrangement of Mr. Birkbeck’s flat D’s in plan 
and section, where a bin the body of the retort, c the outlet-pipe, d e the flat condenser, 
transverse section of body of retort at / g\ A the retort-door and screw-clamp, and 
i%i furnace and flue. Those retorts are 6 feet 6 inches wide. 

The advantage of such retorts over the D gas-retort is obvious upon consideration 
of difficulty No. 8. The coal is spread over a larger surface in a thinner layer, and 
yet a large quantity is included in one charge. All experience goes in favour of spreading 
out the coal in thin layers rather than packing it in a thick mass. The thinnei 
the layer the smaller will be the difference of temperature between the retort itself 


and the least heated portion of its contents. 



Fig. 1604 represents 
another form of flat D ; 
a h, body of the retort; 
c d, main condenser and 
outlets ; cee, zigzag supple- 
mentary condenser made of 
cast spouting pipe. It is 
made by Biyan Johnson, 
of Chester. 

This retort differs but 
little from the previous 
one, excepting in having 
}i. large outlet with more 
direct communication with 
the condenser, and the 
modified form of the con- 
denser itself. A large 
outlet is always advanta- 


geous, as by its means the 

vapours more readily escape from the decomposing action of the heated retort and its 


contents. 


Fig. 1605 represents in section the upright retort of Mr. Holmes of Iluabon, where 

a a aiB the body of the retort, h the 
discharging outlet for the coke, c the 
charging mouth, d the vapour-outlet, 
c € and// the condensers. 

In this retort the internal cage showm 
in the figure serves the purpose of the 
shelves, &c. already described, as by its 
means the charge forms a layer occupy- 
ing the space a a a in contact with tlio 
retort-walls, while the vapours pass into 
the cage and thence to the condenser. 
It is easily charged where the cofd is 
brought from an upper level. 

Fig. 1606 represents Bryan John- 
son’s modification of the Scotch upright 
retorts, which work a continuously-de- 
scending charge. Supposing the retort 
to be filled, the A^alve at a is opened, 
and a portion of the coke let down into 
the recei\nng w’ater-Unk, c c. The 
hopper, d, being filled with a correspond- 
ing quantity of fresh cannel or shale, the valve, 5, is raised by means of the lever e c, 
and the retort is filled. This is repeated at short intervals, and thus the charge is 
gradually worked downwards. Theoretically, these retorts should be hottest at the 
bottoxn, and the heat gradually diminish upwards ; but practically there is great diffi- 
culty in arranging the flues to obtain a regular gradation of heat on account of the 
rapidity with which the heated gases of the flues ascend when the draught is at all free. 

In Siratland the common D-shaped gas-retort continues in a few crude works. The 
retorts in them are now set in benches naked to the fire, and the waste gas is also led 
below them ; so that a saving of 4 cwts. of coal in eadi charge of shale is effected. 
But, after mudh controver<^, a continuous vertical retort, similar to that in fg. 1606, 
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Imt of a more oval shape is preferred. The merits of the case appear to be that 
parties desirous of making only crude oil should erect horizontal retorts, whilst refiners 
making their own crude should rely on verticals. The oil from vertical retorts has a 
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specific gravity of 890° ; that from horizontal retorts varies from SoO® to 860° ; but 
indeed has been as low as 840°. The latter commands the best price in the market; 
but the former is more cheaply made by the refiner; and it is more valuable, for 
though there is less burning-oil and naphtha, it contains 3 per cent, more paraffin. In 
the Scotch upright retort the distillation is per ascensim ; and the condensers are 
simpler than those figured in the drawing ; indeed, very complex forms of condensers 
were used in the first stages of coal-oil making ; such as worm-tubes, with water-tanks 
and hydraulic mains of various patterns. It is now found that simple radiation is 
a sufficient cooling agent. 

Mr. Young of Straiton, near Edinburgh, some years ago introduced a very effect! ro 
retort resembling somewhat in section Jip. 1606. But the cage is represented by 
a framework of impervious iron, round which the waste gases are first conducted jiway 
with the other products in this case by distillation per descenmm^ but afterwards 
reintroduced by a suittiblo opening play, assisting the small fire. Not only is coal 
saved, an item of importance even in days of cheap fuel, because such shale works are 
generally far from coal-pits, but more paraffin is obtnined. The Oakbank Oil Com- 
pany, Midc.'ilder, have used these retorts with groat satisfaction. 

The revolving retort is an American invention. It is shown in elevation and 
section in jigs. 1607, 1608, 1609, the lettering being the same in the sections and the 
elevation. 

a a the body of the retort, a cast-iron cylinder (wrought-iron has also been 
used) usually about 7 feet diameter and 7 feet long. The cylinder turns on the 
axles c and d d ; the latter, d d, is hollow and serves also as the vapour-outlet to the 
condenser which has a second or supplementary condenser shown in section at 
connected with the first by the swan-neck i i {Jig. 1608). 

The cylinder or body of the retort is turned very slowly by means of an endle.‘;H 
screw, c, working in a toothed-wheel, f f. The charging door, is on the opposite 
face of the cylinder. The heat is communicated from the furnace by moans of an 
arched flue w-hich embraces the whole of the cylinder. To charge the retort the 
door, k, is turned upwards, as shown in the figure ; to discharge, it is by a half-revolu- 
tion from this position brought to the lower side. 

The action of these retorts will be easily understood. The charge is continually 
roiled over, and thus fresh portions are brought in direct contact with the heated 
surface. By this means a very rapid distillation is effected. In this respect they are 
most effiemnt. The objections to them are their costliness in the first place, and their 
liability to crack, from the unequal expansion of so largo a surface of metal. They 
cannot be protected all round, as ordinary retorts are, by a casing of fire-bricks, and 
being thus exposed to the direct action of the fire are rapidly destroyed, especially if 
peat care is not taken to remove the lining of carbon-deposit which forms on the 
inside. When ordinary cannel is used, they have to be cleaned out weekly, which 
involves a serious loss of time in cooling down and reheating all the snrroanding 
brickwork. This difficulty is to a great extent overcome by working lumps of hard 
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shale with the caunel, which is especially necessary when cannel slack, for which 
these retorts are best adapted, is tised. Where the material to be used is liable to 
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soften and become at all adhesive when treated, these retorts are utterly useless. 
When it forms a hard clinker coke, they may with careful management be advan- 
tageously used, as the quantity of work done by them is very grciit. 

Another difficulty is presented by a very friable material which readily crumbles 
into dust, as such dust flies over with the vapour and makes a very dirty oil. 

Among the earlier efforts to improve the process of distillation of coal, &c., was 
the application of superheated steam. Several patents have been secured for this, tlio 
general object being to drive the heated vapour through a mass of coal broken into 
small pieces, and thereby apply the heat directly to each fragment, thus completely 
avoiding the third source of excessive temperature, Ticsides affording an effectual 
means of regulating the temperature while diffusing it equally throughout the whole 


This method, though so admirable in theory, has failed in practice, after being well 
tried by Messrs. Young, by Messrs. Lavender and Co. at the Canneline Oil Works, 
Flintshire, and by others. It is now, as far as we are aware, altogether abandoned. 
The difficulties that have led to its abandonment were mainly the costliness of the 
superheating process, and the great amount of steam required to be formed in the 
first place, and then to be condensed. It must be remembered that while the latent 
heat of steam is equal to about 1000° Fahr., that of the hydrocarbons primarily to be 
distilled is not above one-tenth of this ; thus every pound of steam requires for its 
condensation about ten times the amount of cooling surface which is necessary for 
the condensation of a jwund of oil -vapour; and the complete condensation of the 
steam is necessary, as it obstinately retains an important quantity of oil -vapour 
diffused through it. 

The use of heated gases, such as nitrogen, carbonic acid, &c., in the place of 
steam, overcomes this difficulty ; but the cost of preparing the gases renders their 
application equally impracticable on the primary score of economy. 

The * meerschaum retort * is a modification of the principle of distilling the coal hy 
tnfsmoZ application of heat. This is eflfected by means of a large chamber or kiln, 
rather than retort, constructed of fire-brick and shaped like a huge tobacco pipe- 
bowl, with which an exliaust-pipe like the stem of a tobacco-pipe communicates 
with the bottom. ^ This exhaust-pipe communicates with suitable condensing 
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chambers. The bowl or kiln is charged with the cannel or shale, on the top of 
which is laid a stratum of burning coke or a mixture of coke and slack. As soon 
as this upper stratum is in a state of full combustion, the exhaustion is commenced 
by means of a steam-jet, and the heated products of combustion are drawn down 
through the charge. That portion immediately below the fire is of course the first 
actotl upon, the action commencing with a distillation of the most volatile products. 
As the heat increases, the more stubborn and denser vapours are driven downwards 
through the lower mass, and by their heat commence the distillation there. Sub- 
sequently, the upper layer of cannel having all its volatile constituents driven off*, 
becomes a coke, and at this stage is so highly heated as to burn and give off com- 
bustion products, viz. carbonic oxide, &c., instead of dist illation products, thus serving 
ns fuel for the cannel below, and so on till the mass is coked to the bottom. When 
this is completed, the steam-jet is tiumed off, the exhaustion ceases, and the charge is 
drawn from below, a portion of it being used in its burning state for starting a 
neighbouring kiln, which should ahvays bo charged ready to commence working when 
its predecessor has reached this stage. 

The size of Mr. Holmes’ meerschaums is 12 feet high, and 8 foot diameter, internal 
measurement. They are to bo charged to a depth of 10 feet, and to contain 12 tons 
of cannel. 

Mr. Holmes’ attempt to introduce this retort in Wales proved disastrous. In 1866, 
Me Beth patented an adaptation of the principle to the ordinary Scotch retort [Spec. 
,A.D. 1866, No. 2788]. Very poor shales were worked to profit ; but tlio skill necessary 
to produce a good product in the daily working proved a serious drawback. Ordinary 
labour only is requisite for the common retorts. Messrs. Young and Stephens have 
patented a new retort similar to one already described, but doing without the aid of 
coal. Suppo.so four retorts, similar in section to Jig. 1605, built in a bench, but the 
bottom of each open, and having attached to each a condensing apparatus, at the 
extremity of wdiich i.s a steam-jet. Each cylinder receives a charge of shale which is 
renewed every 5 hours ; a fire of coals is then lighted in the furnace, which begins 
distillation, at the same time igniting the lower layer of shale : a portion of this falls 
out into the space betwixt the furnace-wall and the retort and acts instead of coal. 
The condensers being now filled with vapours, the steam-jet is set in motion, and air 
is exhausted from the retort, the condensible vapours become crude-oil, and the incon- 
donsible gas is returned to play on the walls of the shale cylinders. The oil is of 
good specific gravity unburnt, very rich in paraffin, and equal in yield to the ordinary 
retorts. No coal is necessary, except when the distillation begins either at the com- 
mencement of the works or after a shut-down. Other inventors are busy on the pro- 
blem, in making the material giving the valuable paraffin yield power for its extrac- 
tion. On this solution mainly rests the possibility of our shale-oil manufacturers 
competing successfully with the petroleum from the American springs ; and also of a 
more extended use of solid paraffin for many new processes in the arts. For the pro- 
duction of solid paraffin, a bye-product in mineral-oils when burning-oil brought l5. %d. 
to 35. 6c?. per gallon, is now a main source of income, when the former main product 
only brings l5. per gallon or less nett at the works. 

Boghead and the cannels usually yield from 1 to 1*4 per cent, of paraffin scales of 
raw materials used ; Scotch shales, in ordinary manufacture, 3 to 4 per cent. But 
individual shales are known yielding a very large percentage of this substance, which, 
unlike the burning-oils, increases in commercial value. When bodies are worked for 
this alone, much of the expense of an oil-refinery will be saved; and the resulting 
oils in their manufacture may be sold almost at the price of waste substances. 

Paraffin refiners receive supplies of their raw material from other natural sources. 
Peat- tar often contiiins a largo percentege, but the resulting paraffin is very soft. 
Ozokerite and neft-oil, derived from the Caspian Sea and Hungary, now command 
high prices as sources of paraffin scales. Neft-oil is said to give 68 per cent, of dis- 
tillate, consisting of 60 per cent, of crude paraffin and 8 per cent, of oil. The 
Galician ozokerite gives by distillation some 24 per cent, of paraffin, and 45 per cent, 
of oil. 

The refining of the liquid portion of the crude oils is still conducted in the manner 
described. (See Shale and Mixeral Oils.) A great many patents have been secured, 
a large proportion of them evidently based upon the theory that the refining of those 
oils is simply a process of oxidation analogous to that of the bleaching of vegetable 
colours. Some degree of oxidation undoubtedly does take place in the course of the 
refining process, but this is far from being the w'hole action. The sulphuric acid 
appears to act chiefiy as a carbonising agent, and by heterogeneous adhesion to the 
carbonaceous or pitchy colouring-matters which it c/iiries down with it in the form of 
‘ acid -tar.’ The theory of the action is, however, by no moans fully understood. It 
still offers a most interesting field for a thorough investigation. 
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Among tho many procectses patented may be named the use of hypochlorite of 
lim#y die application of chlorine gas to the vapours of the oils, of nascent chlorine 
to the liquid oil by the decomposition of hydrochloric acid or chloride of sodium 
with black oxide of manganese, the use of bichromate of potash and other chromates, 
and of firee chromic acid, of the permanganates, and almost every known oxidising 
agent. 

The tolphtiric^acid treatment is the only method which has been found commer- 
cially •ncoestful. The proportion of acid required depends upon the oil, and must be 
determined by experiment. Generally speaking, the heavier oils require more acid 
than the lighter ; but even this rule is subject to special exceptions. 

Many forms of agitators have been adopted, from simple tubs with a, paddle to very 
complex devices worked by steam-power ; the problem, however, is merely to keep a 
heavy liquid — sulphuric acid — stirred up amidst a lighter one — the crude, or ‘once- 
run’ oil. A cast-iron vessel, fitted with paddles working on an axle similar to a 
common churn, is the apparatus generally used. Upright cylindrical vessels, with 
an Archimedean screw working vertically to raise the acid from the bottom, liavo 
been used, but not extensively. 

In some refineries the crude oil is treated with the acid and alkali, but more com- 
monly it is * once run,’ as already described. 

In all the stages of distillation for tiie refinery the use of superheated or diy steam 
is found very advantageous, not as the primary source of heat, but as an auxiliary. 
In accordance with the well-established law of diffusion of gases, the vapour from tho^ 
boiling oil will diffuse much more readily into an atmosphere of steam than into' 
one of its own vapour ; and thus the superheated, or simply the dry steam, enables 
the distillation to be conducted at a lower temperature than would be necessary 
without it, which is a matter of considerable imporbince, not merely as regards 
the quantity of work done with given fuel, but also as affecting the quality of the 
oil produced. 

The form of still most commonly used is shown in 1610, usually of a capacity 
of 1,000 to 2,000 gallons. Much difference of opinion prevails among refiners as 
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regards the merits of cast or wrought iron. Many serious confiagrations have lately 
ocomred &am the sudden cracking of cast-iron stills, which have led to a much more 
extensive use of wrought iron than formerly. 

It is a common practice in the first running of crude oil to use a wrought-iron still, 
or still of cast iron with bottom outlet-pipe, like that in 1610, for the first part 
of the process, until the heavier products begin to run over ; then to run out the 
residue ftom this still into a small round bottom still, without bottom outlet, and then 
‘ coke down,’ that is, ca^ on the distillation to dryness. By this means the most 
dangerous stage is carried on in the smaller still, which is far less liable to rupture. 
Wrought-iron stills cannot well be used for coking down, the great heat required 
destroying the rivets. 

In the refining of the solid paraffin considerable progress has been made. 

^ In the first p£ce, the crude oil is distilled over to dryness, ‘coked down,’ as already 
described. The heavy oil obtained fifom the latter stages of distillation is found to 
oohtain large quantities of bright crystalline scales of solid paraffin in suspension. 
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Paraffin is crystallised from the first distillation in several works ; but it is usually 
‘ bogged' from the second distillation. In the crude oil, the pitchy constituents seem 
to cling to the paraffin particles and hold them back from crystallisation, so that 
they farm an amorphous greasy mass when the light oil only is distilled off from 
the crude. This grease, however, when distilled gives over a rich lubricating oil of 
pale brown colour, with the paraffin crystals in such a state of free suspension 
that they are readily separated at a low temperature. This separation of ‘ brown 
paraffin scale’ is effected by ‘bagging’ and pressing. The bagging is simply a 
filtration in canvas bags, which are usually filled and tied up, then heaped together, 
or thrown into perforated boxes till the greater portion of the oil filters out. The 
contents of the bags are then submitted to a gradually-increasing hydraulic pres- 
sure till the utmost possible degree of dryness is obtained in the cake of crystal- 
line scales. 

The quantity of solid paraffin thus obtained depends in a great measure upon the 
temperature at which these operations are conducted, as the oil is a solvent to the 
paraffin, and the quantity it is capable of dissolving rapidly increases as the tempera- 
ture rises. In small works this separation of paraffin is only conducted in cool 
weather ; in larger works, refrigerating-machines are used. 

The purification of the brown paraffin scale thus obtained is now effected by 
the simple process of dissolving it in a hot solution of tho most volatile ‘paraffin 
spirit.’ 

Tho scale having been dissolved in about an equal weight of spirit, the solu- 
tion is set to cool in suitable vessels. As it cools, tho solid paraffin recrystal 1 isos, 
in tho course of wdiich action it rejects the impurities associated with it, giving 
up its brown colour and the liquid solvent. Tlio cooled mixture of crystal and 
spirit is again submitted to pressure, whereby tho spirit is separated, and the 
crystals, now of a cream colour, are again dissolved in colourless spirit, and tho 
same treatment repeated. A third treatment is usually necessary to obbiin per- 
fect purification, when beautiful crystals of exquisite snowy whiteness are obtained, 
presenting tho most perfect contrast imaginable to the coal from which they are 
derived. 

The chief drawback to this process is the waste of spirit by evaporation during 
the cooling and pressing processes. By careful and intelligent management this 
waste may be materially reduced. The refuse spirit, which has received the 
colouring-matter and other impurities from the brown scale, is easily refined by 
simple distillation, and may be used again and again. Tho brown refuse left in 
tho still may be treated afresh as crude paraffin scale, as there always remains 
a portion of paraffin in it which continued in solution when the rest crystallised 
out. This, however, is of inferior quality, having a low^er melting-point, and is 
usually sold in a semi-refined state for making common candles, burning in miners’ 
lamps, &c. 

In order to remove the last traces of the spirit, w'hich if loft behind, lowers tho 
fusing-point, besides giving its odour to the paraffin, the scales are fused and heated 
to about 240® Fahr. ; care being taken to go no higher than this, as at 260® the 
paraffin acquires a yellow colour similar to that of bees’-waix. It is therefore neces- 
sary that the spirit should be freely and fully volatile at or below 240°, and that all 
the heavy oil should be separated in the earlier sbiges of the process. This fused 
paraffin is run into moulds, and sold in cakes as ‘ paraffin wax,’ which is now be- 
coming the great staple material for the manufacture of tho bettor class of candles. 
Every year tho price of these candles has come down lower and low’er, in consequence 
of the increased production by improved methods. 

Paraffin as washed at these various stages is now used in candle-making according 
to the value of the manufactured material wanted. 

Whiteness, freedom from smell, and a high melting-point, are the commercial tests 
upon which the value of paraffin depends. 

The importance of the latter may easily be understood when we consider that the 
melting-point of the best paraffin is but 126° Fahr., while inferior qualities are much 
lower. Paraffin, like wax, rosin, and such substances, softens at many degrees 
below its melting-point ; hence candles made of an inferior partiffin are liable to 
bend over into strange shapes in a heated ball-room, or in a hot climate. This was 
very vexatiously and absurdly exemplified at the coronation of tho Emperor Maxi- 
milian in Mexico, when at one of tho festivals all the beautiful ‘ spermaceti’ candles, 
ordered expressly from England, and numbering several thousands, though bril- 
liantly successful at first, gradually softened as tho throng increased, and finally 
bowed over altogether, flaring hideously, and guttering in streams upon the dresses of 
the visitors. 

Price’s Candle Company, Limited, have adopted a new patented method of paraflfln 
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refining with much advantage, the cost of working being very much less, and the yield of 
white paraffin notably larger than formerly. As no spirits are used, a loss of about 1 cwt. 
of them for every ton of finished paraffin is avoided. As redistillation of the expressed 
oils also ceases, no loss occurs in this way of solid paraffin in solution. Much 
more safety also accompanies the operations of the factory. The rationaU of the 
process consists in subjecting the paraffin, after being previously washed with sul- 

S huric acid and soda, to hot pressure and filtration at the same time. The following 
etails of two experiments on the commercial scale show tlie working of the pro- 
cess : — 

In the first experiment, good average scale was first boiled, and blocked into a cake, 
which, on being cold-pressed, yielded lubricating-oil and pressed cake ; which, after 
being again boiled and blocked, was subjected to the new method, ^ving a hard 
paraffin, which, after treatment with acid, alkali, and ivory-black, yielded finished 
paraffin equal to that made with the ordinary process, and having a melting-point 
of 129^ 

There was taken of the scale 200 cwts. 1 qr. 26 lbs., which gave ; — 


Finished paraffin 

cwts. qrs. lbs. 

. 131 1 27 

per cent. 

= 65-58 

Soft paraffin, &c., of llie value of Jths of 
scale 

original 

. 35 

0 12 

17-51 

Dark rough oil 

. 17 

2 5 

8-75 

Loss, including paraffin left in ivory-black 

. . 16 

1 10 

91-84 

8*16 loss. 


200 

1 26 

100-00 


In the second experiment, scale of a low melting-point was treated as above ; only 
submitted twice to the special process. A paraffin with a melting-point at 130° re- 
sulted : — 

Of the scale taken — 69 cwts. 26 lbs, — there remained — 

cwts. qrs. lbs. per cent. 

White paraffin 30 3 27 « 57*83 

Soft paraffin, &c., valued at Jllis of original scale . 18 1 27 26 74 
Kough dark oil . . , . 6 3 0 0 76 

04-33 

69 0 26 5-67 loss. 


100000 

This process must be of immense service in extracting solid paraffin for its own sake 
from minerals in places where mineral spirits are not a drug, as in our own mineral- 
oil factories. 

Paraffin is mixed with 5 to 15 per cent, of stearine when moulded into candles ; 
and to do this thoroughly well the moulds must be kept for at least an hour in a bath 
of hot water, at a temperature of about 190° Fahr. The mixed stearic acid faciliUites 
the colouring of paraffin candles. 

The following particulars of the paraffin trade in Scotland, derived from an 
authentic source, cannot be without interest : — 

It is dfficult to obtain statistics of the yield of burning-oil, lubricating oil, and the 
other products derived from shale in the process of oil-making. Naturally enough, 
one manufacturer does not care to let another know the particulars of his production. 
Hence, i2ib*best, nothing more than an estimate can be arrived at ; but this coming 
from a source which may be relied upon, will give a tolerably fair idea of the extent 
of this important trade. It is estimated that not less than 800,000 tons of shale are 
annually put into the retorts at the various Scotch oil works. The probable yield of 
crude oil from this source is reckoned at 26,000,000 gallons. To obtain this result, 
and also for the distillation of the crude, a great amount of fuel — say 500,000 tons — 
must be used. The principal product from the crude is, of course, burning-oil, of 
which ^m 800,000 to 850,000 barrels may be taken as the annual yield. Some 
of this is sent to the Continent, but the bulk is consumed in this country. Then we 
have of luhricating-oil, the demand for which appears te be increasing every day, say 
9,800 tons. Also paraffin wax, of which the bulk is made into beautiful semi-trans- 
parent candles, and the commonest of it is used in the manufacture of lucifer- matches, 
■By 6,800 tons. To these figures we may add some 2,300 tons of sulphate of 
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ammonia, and several thousand barrels of coal-oil spirit. The probable commercial 
value of these products cannot fall far short of a million and a quarter sterling. This 
valuable industry has been developed in our midst in little more than 20 years, and, 
has had to make headway against a variety of opposing elements to its present posi- 
tion. The deliveries during 1872 are somewhat short of 1871 and 1870 ; but this 
is accounted for by temporary causes, such as strikes among the workmen and minors, 
and the high prices of coal. 

PARAOVAT TBA. The leaves of the Ilex Paraguaiens'is, which are used ns 
tea in Brazil. They appear, like tea, to contain some thcine, with rosin, tannic acid, 
oil, and albumen. Paraguay tea is known also as Mate, 

PARA ariTTS. The Brazil nut, which see. 

PARCKHCBITT. {ParcJicmin, Fr. ; Pergament, Ger.) This writing material 
has boon known since the earliest times, but is now made in a very superior manner 
to what it was anciently, as we may judge by inspection of the old vellum and parch- 
ment manuscripts. The art of making parchment consists in cerUiin manipulations 
necessary to prepare the skins of animals of such thinness, flexibility, and firmness, 
as may be required for the different uses to which this substance is applied. Though 
the skins of all animals might bo converted into writing materials, only thoso of the 
sheep or the sho-goat are used for parchment ; thoso of calves, kid.s, and dead-born 
lambs for vellum ; thoso of the he-goat, she-goat, and wolves for drum-heads ; and 
those of the ass for battledores. All these skins are prepared in the same way, with 
slight variations, which need no particular detail. 

They are first of all prepared by the leather-dresser. After they are tiiken out of 
the lime-pit, shaved, and wtdl washed, they must bo set to dry in such a way as to 
prevent their puckering, and to render them easily worked. The small manufac- 
turers make use of hoops for this purpose, but the greater employ a herse^ or stout 
wooden frame. This is formed of tw’o uprights and two cross-bars solidly joined 
together by tenons and mortises, so as to form a strong piece of carpentry, wliii*h is 
to be fixed up against a wall. These four bars are perfonited all over with a scries 
of holes, of such dimensions as to receive slightly-Uipercd box-wood pins, truly 
turned, or oven iron bolts. Each of these pins is transpierced with a hole like the 
pin of a violin, by means of which the strings employed in stretching the skin may bo 
tightened. Above the herse^ a shelf is phaced, for receiving the tools which the work- 
man needs to have always at hand. In order to stretch the skin upon the frame, 
larger or smaller skewers are employed, according as a greater or smaller piece of it 
is to be laid hold of. Six holes are made in a straight lino to receive the larger, and 
four to receive the smaller skewers or pins. These small slits are made with a tool 
like a carpenter’s chisel, and of the exact size to admit the skewer. The string round 
the skewer is aflhxed to one of the bolts in the frame, which are turned round Ijy 
means of a key, like that by which pianos and harps are tuned. The skewer is 
threaded through the skin in a state of tension. 

Everything being thus prepared, and the skin being well softened, the workman 
stretches it powerfully by means of the skewers ; ho atUiches the cords to the skewers, 
and fixes their ends to the iron pegs or pins. He then stretches the skin, first with 
his hand applied to the pins, and afteiwards with the key. Great care must bo taken 
that no wrinkles are formed. The skin is usually stretched more in length than in 
breadth, from the custom of the trade ; though extension in breadth would be prefer- 
able, in order to reduce the thickness of the part opposite tlie backbone. 

The workman now takes the fleshing tool represented under Curryixg. It is a 
semi-circular double-edged knife, made fast in a double wooden handle. Other forms 
of the fleshing-kuife edge are also used. They are sharpened by a steel. The work- 
man seizes the tool in his two hands, so as to place the edge perpendicularly to the 
skin, and pressing it carefully from above downwards, removes the fle.shy excrescences, 
and lays them aside for making glue. He now turns round the herse upon the wall, 
in order to get access to the outside of the skin, and to scrape it with the tool inverted, 
so as to run no risk of cutting the epidermis. He thus removes any adhering filth, 
and stjueezes out some water. The skin must next be ground. For this purpose it 
is sprinkled upon the fleshy side with sifted chalk or slaked lime, and then rubbed in 
all directions with a piece of pumice-stone, 4 or 5 inches in area, previously flattened 
upon a sandstone. The lime soon gets moist from the water contained in the skin. 
The pumice-stone is then rubbed over the other side of the skin, but without chalk or 
lime. This operation is necessary only for the best parchment or vellum. The skin 
is now allowed to dry upon the ftame ; being carefully protected from sunshine, and 
from firost. In the arid weather of summer, a moist cloth needs to be applied to it from 
time to time, to prevent its drying too suddenly; immediately after which the skewers 
require to be tightened. 

When it is perfectly dry, the white colour is to be removed by rubbing it with the 
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W00II7 fide of a lambskin. But great caro must be taken not to fray the surface ; a 
eiicumstance of vbicll some manufacturers are so much afraid, as not to use either 
chalk or lime in the polishing. Should any grease be detected upon it, it must be re- 
mored by steeping it in a lime-pit for ten days, then stretching it anew upon the 
herBCy after which it is transferred to the scrapper. 

This workman employs here an edge tool of the same shape as the fleshing-knife, 
but larger and sharper. He mounts the skin upon a frame like the herse above 
described ; but he extends it merely with cords, without skewers or pins, and supports 
it geneMlly upon a piece of raw calfskin, strongly stretched. The tail of the skin 
being placed towards the bottom of the frame, the “workman first pares olf, with a 
sharp ^ife, any considerable roughnesses, and then scrapes the outside surface 
obliquely downwards with the proper tools, till it becomes perfectly smooth : the 
fleshy side needs no such operation ; and indeed, were both sides scraped, the skin 
would be apt to become too thin, the only object of the scraper being to t'qualiso its 
thidcness. Whatever irregularities remain, may be removed W'ith a piece of the finest 
pumice-stone, well flattened beforehand upon a fine sandstone. This prot;ess is per- 
formed by laying the rough parchment upon an oblong plank of w'ood, in the form {)f 
a stool ; the plank being covered witli a piece of soft parchment stuffed with wool, to 
form an elastic cushion for the grinding operation. Jt is merely the outside surfac^o 
that requires to be pumiced. The celebrated Strasburg vellum is prepared with 
remarkably fine pumice-stones. 

If any small holes happen to be made in the parchment, they must be neatly 
patched, by cutting their edges thin, and pasting on small piecGs with gum-water. 

Parchment is coloured green only. The following is the process. In .000 parts of 
rain-water, boil 8 of cream of tartar and 30 of crysbillised verdigris ; when this solu- 
tion is cold, pour into it 4 parts of nitric acid. Moisten the parchment with a brush, 
and then apply the above liquid evenly over its surface. Lastly, the necessary lustre 
may be given with white-of-eggs, or mucilage of gum arabic. 

PAJtCKMBarT, VJBaSTABZiS, or PAKCBMEITT PAPER. Vegetable 
parchment is made from unsized paper, of which ordinary blotting-paper is an 
example, and is well adapted for the process. This is manufactured from rags of 
linen and cotton, thoroughly torn to pieces in the pulping machine, and it is ^iind 
that long-fibred paper is not so good for the production of vegeUible parchment as 
that which is more tlioroughly pulped. The structure of the waterleaf may be 
regarded as an interlacement of vegetable fibres in every direction, simply held 
together by contact, and consequently ofiforing a vast extension of surface and minute 
cavities to favour capillary action. 

To make vegetable parchment, the waterleaf or blotting-paper is dipped in diluted 
Bulphuric acid when the change takes place, and though nothing a])penrs to bo 
added or subtracted, the waterleaf loses all its previous properties and becomes 
vegetable parchment. 

This very remarkable transformation is, however, a most delicate chemical pro- 
cess. The strength of the acid must be regulated to the greatest nicety, for if on the 
one hand it is too dilute, the fibre of the paper is converted into a soluble substance, 
probably dextrine, and its paper-like properties are destroyed. If, however, the acid 
be too strong, it also destroys the paper and renders it useless. 

For the most perfect result, the sulphuric acid and water should bo at ordinary 
temperatures in the proportion of about two volumes of oil of vitriol and one volume 
of water, and if the paper bo simply damjxid before immersion, the strouglh of the 
acid is altered at these spots, and the part so acted upon is destroyed. 

To make vegetable parchment, the watcrlojif is dipped into the sulphuric acid 
exactly diluted to the desired strength, when in the course of a few seconds the paper 
will be observed to have undergone a manifest change, by wliicli time the trans- 
formation is effected in all its essential points. The acid has llien done its w'ork, and 
is to bo thoroughly removed from the paper, first, by roj)oated washings in water, 
•and subsequently by the use of very dilute ammonia "to neutralise any faint trace of 
acid which escapes the washing in water. All minute traces of sulphate of ammonia 
loft by the former process are removed as far as possible by further washings, and in 
certain cases the infinitesimal trace of ammonia may be removed by lime or barytii. 

The action and intent of these several processes are to render the vegetable parch- 
ment perfectly firee from any acid or salt, and the object is thoroughly obtained in the 
large way. 

'When the paper has undergone its metamorphosis, it is simply dried, when it be- 
comes vegetable parchment, differing from blotting-pflper, and possessing peculiarities 
whicli separate it from every other known material. The surfaces of the paper ap- 
pear to have undergone a* complete change of structure and composition. All the 
cavities of the waterleaf are closed, and the surface is solidified to such an extent, 
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that it* a portion of veffetable parchment be liojitod over a flame, blisters will occur 
from pent-up steam, wliieh are involved in the centre of the paper, and even in 
the afirial state the vapour cannot pass either surface. The material of the meta- 
morphosed surfaces is certainly one of the most unalterable and unchangeable of 
all known organic substances, and requires a distinctive name to indicate its indi- 
viduality. 

Prom* Bp. Hofmann’s report on this remarkable substance we extract the following 
remarks : — 

‘ In accordance with your request, I have carefully examined the now material 
called vegetable parchment, or parchment-paper, which you have submitted to mo 
for experiment; and I now beg to communicate to you the results at which I have 
arrived. 

‘ I may hero state that the article in question is by no means now to mo. I became 
acquainted with this remarkable production very soon after Mr.W. E. Gaino had made 
known his results ; and I have now specimens before me which came into my posses- 
sion as early as 1 854. 

‘ The substiince submitted to mo for examination exhibits in most of its properties 
so close an analogy with animal membrane, that the name adopted for the new 
material seems fully justified. In its appearance, vegetable parchment greatly re- 
sembles animal parchment ; the same peculiar tint, the same degree of transluconcy, 
the same transition from the fibrous to the horn-like condition. Vegetable, like 
animal, parchment possesses a high degree of cohesion, bearing frequently-repeated 
bonding and rebeuding, without showing any tendency to break in the folds ; like the 
latter it is highly hygroscopic, acquiring by the absorption of moisture increased 
flexibility and toughness. Immersed in water, vegetiible parchment exliibits all the 
characters of animal membrane, becoming soft and slippery by the action of water, 
without, however, losing in any way its strength. Water does not percolate through 
vegetable parchment, although it slowly traverses this substance like animal mem- 
brane by endosmotic action. 

* In converting unsized paper into vegetable parchment, or parchment-paper, by 
the process recommended by Mr. Gaine — viz. by immersion for a few seconds in oil of 
vitriol diluted with half its volume of water — I was struck by the observation how 
narrow are the limits of dilution between which the experiment is attended with 
success. By using an acid containing a trifle more of water than the proportion indi- 
cated, the resulting parchment is exceedingly imperfect ; whilst too concentrated an 
acid either dissolves or chars the paper. Time, also, and temperature are very impor- 
tant elements in the successful execution of the process. If the acid-bath be only 
slightly warmer than the common temperature, 60° Fahr. (15’5° Cent.) — such as may 
happen when the mixture of acid and water has not been allow’od sufficiently to cool — 
the effect is very considerably modified. Nor do the relations usually observed be- 
tween time, temperature, and concentration, appear to obtiiin with reference to this 
process ; for an acid of inferior strength, when heated above the common tonipei-a- 
ture, or allowed to act for a longer time, cntirel}’' fails to produce the desired result. 
Altogether, the transformation of ordinary piper into vegetable parchment is an 
operation of considerable delicacy, requiring a great deal of practice ; in fact, it was 
not until repeated failures had pointed out to mo the several cotiditious involved in 
this reaction, that I succeeded in producing papers in any w'iiy similar to those which 
you have submitted to me for experiment. 

‘ It is obvious that the transformation, under the influence of sulphuric acid, of 
paper into vegetable parchment, is altogether different from the changes which vege- 
table fibre suffers by the action of nitric acid ; the cellulose receiving, during its 
transition into pvroxi/lin and gun-cotton, the elements of hyponitric acid in exchange 
for hydrogen, whereby its weight is raised, in some cases by 40, in others by as 
much as 60 per cent. As the nitro-compounds thus produced differ so essentially 
in composition from the original cellulose, wo are not surprised to find them also en- 
dowed with properties altogether different ; such as increased combustibility, change 
of electrical condition, altered deportment with solvents, &c., whilst vegetable parch- 
ment, being the result of a molecular transposition only, in which the paper has 
lost nothing and gained nothing, retains all the loading characters of vegetiible fibre, 
exhibiting only certain modifications which confer additional value upon the original 
substance. 

* The nature of the reaction which gives rise to the formation of vegetable parch- 
ment having been satisfactorily established, it became a matter of importance to 
ascertain w'hether the processes used for the meehanical removal of sulphuric acid 
from the paper had been suflicient to produce the desired effect. It is obvious that 
the valuable properties acquired by paper, by its conversion into vegetable parch- 
ment, can be permanently secured only by the entire absence or perfect neutrali- 
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satioD of the agent which produced them. The presence of eren traces of free 
eulphuric acid in the paper would rapidly loosen its texture, the piper would gradu- 
ally fhll to pieces, and one of the most important applications which suggest them- 
selves, viz. the use of vegetable parchment in the place of animal parchment for legal 
documents, would thus at once bo lost. The paper v'^as found to bo entirely free from 
this acid. 

* The absence of free sulphuric acid in the parchment- paper was, moreover, estab- 
lished by direct experiment. The most delicate test-papers, loft for hours in contact 
with moistened vegetable parchment, did not exhibit tlio slightest cliange of colour.* 

VABXAjr. See Pottery. 

VAJtXS B&mL A bright blue obtained by heating aniline with chloride of tin. 
See Akxlinb. 

BABXS BBB. A fine iron rouge employed for polishing. 

BAMtBXXrB. A preparation so called from the inventor, Mr. Parks of Eir- 
mingham, was exhibited at the International Exhibition of 1862. It was made 
by incorporating castor oil, collodion (gun-cotton dissolved in other), and wood- 
spirit. The mixture gradually solidifies, and eventually becomes a liard mass. 
"UTiile in the pasty condition it was moulded into a great variety of forms. It lias 
not, however, taken its place as a manufacture. See Oxidised Oii.s. 

PABQUXSTBTf Varquetage, Inlaid flooring. In most cases thin veneers arc cut 
into geometric forms, and cemented to the planks which are to form the floors. Lately 
the Messrs. Arrowsmith have introduced their ‘solid parquetry,’ in w'liich the wood 
is cut of the required thickness, and ingeniously joined together in geometric patterns. 
See Buhl; Marquetry; Heisner. 

FA&TXWO. See Gold and Silver, Repintno of. 

FABTAZBOB-WOOB. The wood of several trees appears to be imported 
under this name. It is principally used for walking- canes, and for umbrella- and 
parasol-sticks. 

FA&VOZJnnB. A volatile nitryle base found in the naphtha from the Dorset 
Shale. It is isomeric with cumidine. It is the highest known member of the pyridine 
series. 

FASTBXi is the French name of coloured crayons. Also a dyo-stufj; allied to 
Indigo. 

FA8TBS, or Factitious Gems. {Pierres prccicuses artificielles^ Fr. ; Glaspasten, 
Ger.) See Gems, Artificial. 

FABTZBILB is the English name of small cones made of gum-benzoin, with 
powder of cinnamon and other aromatics, which are burned as incense, to diffuse 
a grateful odour, and conceal unpleasant smells in apartments. I’astille is the French 
name of certain aromatic sugared confections ; called also tablet fati. Sec Perfumery. 

FATOBIOVZiTr. Packupat or Patscha-pat. The herb, Pogosienion Paichcnd% 
which is, on account of its pungent mlour, used in perfumery. ' It is a herb-1 ike 
plant, growing very much like sage, indigenous to Northern India ; it is also found 
in China. 

The plant grows readily in the hothonses in England ; specimens are to be found 
at Kew and other gardens. The leaves have long been in use as a perfume, and pre- 
ventive of moth. India-shawls used to be packed with patchouly, on account of its 
being inimical to vermin, and so efficacious in preserving them during a long voyage ; 
it WJis thus patchouly was first introduced into Europe. 

When the patchouly-plant is distilled it yields a dense essential oil, to which it 
owes its odour ; this dissolved in alcohol, in tlie proportion of 2 ounces to 1 gallon 
of spirit, forms the ‘essence of jmtehouly’ of the shops. Tlio essential oil of pat- 
chouly is one of the least, volatile of any known ; hence it is one of the most 
■persistent of perfumes from plants. Under tlio oi’dinary conditions, tlie essential oil 
of patchoidy is a fluid, and will not congeal, except by an excessively low tempera- 
ture ; but if the plant be distilled after it has been gathered several years, more than 
half the product will assume a crystallisable form, far less fragrant than the newer 
fluid essential oil, and would probably bo quite odourless if repeatedly crystallised 
from alcohol. 

The crystals of patchouly are rhombic-formod, with pyramidal summits ; chemically 
they resemble camphor in composition. When the fluid essential oil of patchouly is 
submitted to fractional distillation, there comes at the highest temperature a peculiar 
blue body, termed by Piesse azutene^ resembling tlie blue in the essential oil of wild 
camomile; it requires, however, further examination. See Perfumery. 

FATBWV TBUOW. An oxychloride of lead ; called also Turner’s Yellow 
and Montpe lier Yellow, See Cassell Yellow. 

^ BATEBA. The green coating-carbonate of oxide of copper — ^which covers an- 
wont bronzes and copper medals. True patina is an (srugo^ or verdigris, produced by 
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the long-continued action of carbonic acid on the metal buried in the soil. It is very 
commonly imitated by fraudulent dealers. Patina^ or Patella, was also the name of 
a bowl made of eitlier metal or ejirthenware. — Fairholt. 

PAVZi VSltOXTSSlS ORfiSir. An artist’s colour; a peculiarly-prepared 
carbonate of copper. 

PBACB. A Cornish miner's term, given to chlorite and chloritic rocks. A 
•peachy lode is a mineral vein containing this substance, generally of a bluish-green 
colour, and rather soft. See Cht.orite. 

PBACH-WOOB, or Nicarayua, and sometimes termed Saint Martha Wood, is 
inferior to the other two named ; but is much used in the dyehouse, and, for many 
shades of rod, is preferred, although the colouring-matter is not so great. It gives a 
bright dye. The menTis of testing tho quality of these woods by the dyer is similar to 
that described for logwood, with the same recommendations and precautions . — Napier 
on Dyeing. 

PBACOCK'-COPPSB ORE. An iridescent copper pyrites, produced by a 
partial decomposition of tho yellow ore. Tho boys and girls employed in tho mines 
produce this condition artificially by putting the ordinary copper pyrites into warm 
water holding sulphate of copper in solution ; and sell tho beautifully-coloured spe- 
cimens to strangers. A more ('ffectivo way of producing this peacock copper is to 
take a lump of yellow copper-ore {copper pyrites), and, having bound a piece of 
copper wire around it, to connect the other end of the wire with a plate of copper. 
If tills arrangement bo made in a vessel divided liy a porous partition, having a 
solution of sulphate of copper on tho side in which tho copper ore is placed, and salt 
and water on the other side, the change goes on rapidly, and the result is exceedingly 
permanent. 

PEARZiASH. Commercial carbonate of potash. See Potash. 

PEARE BAREST. See Barley. 

PEARES {Pcrles, Fr. ; Perlcn, Ger.) are the productions of certain shellfish, such 
as tho pearl-oyster. These mollusca are subject to a kind of disease caused by the in- 
troduction of foreign bodies within their shells. In this enso their pearly secretion, 
instead of being spread in layers upon tho inside of their habitation, is accumulated 
round these particles in concentric layers. Pearl consists of carbonate of lime, inter- 
stratified with animal membrane. 

The oysters whoso shells are richest in mother-of-pearl are most productive of 
these highly-prized spherical concretions. Tho most valuable pearl-fisheries are on 
tho coast of Ceylon, and at Olmutz in the Persian Gulf ; and their finest specimens 
are more highly prized in tho East than diamonds, but in Europe they are liable to 
bo rated very difi’erently, according to the caprice of fashion. When tho pearls are 
large, truly spherical, reflecting and decomposing the light with vivacity, they are 
much admired. But one of tho causes which renders their value fluctuating, is the 
occasional loss of their peculiar lustre, without our being able to assign a satisfactory 
reason for it. 

TJie following letter on the Ceylon pearl-fisheiy, recently written by E. W. H. 
Iloldsworth, is of interest : — 

‘ Skates are no new enemy to the pearl-oyster. It is an old idea among the divers 
that tlio several failures of the fishery have been due to the depredations of these 
fishes, and the subject was one of those to w'hich my attention was specinlly directed 
wdien I was sent out by the Government in 1865 to enquire into the causes of the 
failure in the previous year. Skates naturally feed on shell-fish, and they are pro- 
vided with teeth which enable them easily to crush tho pearl-oyster, many of tho 
l)roken pieces of shell being rejected, while other parts are sw'allowed with the oyster 
itself. But skates have no means of extracting the fish and leaving the shells unin- 
jured. In 1864, when the Ceylon Government expected to obtain from the pearl- 
banks a revenue of 60,000/., the principal bed was found covered with empty sliells, a 
large portion of them with the valves united at tho hinge, and otherwise uninjured. 
Tliis was precisely the appearance which tho oysters would have presented had they 
died a natural death, as I pointed out in my official reports. There were a few living 
oysters, and, in addition, a considerable number of broken shells. These last were 
doubtless tlie work of the skates. 

Pearl-oysters attain their full superficial growth in al)Out four years, but the shell 
thickens for two years more, and it is during this period the pearls rapidly increase 
in size. After about six years, the animal dies, the shell opens, and the contenta 
disappear. It is, of course, desirable to lojive tho oysters on the banl^ as long as 
possible in order to obtain large pearls, but tliere is the danger of leaving them too 
long and losing them altogether. That is what occurred in 1864. I obtained ample 
evidence to satisfy mo that the oysters should have been fished in 1863, for, according 
to official reports, they were beginning to die off in February of that year, aod then 
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there waB no especial fear of skates. These fishes, however, were abundant in the 
following year ; but, as I have said, there was the strongest evidence in the unbroken 
shells that most of the oysters had died a natural death. 

‘ The banks, or bods, os they might more properly bo called, are in from 7 to 9 
fathoms water, and almost out of sight of land. They are exposed during great part 
of the year to strong and often irregular currents, which sweep the bottom, and from 
which no protection can be given ; and the weather is generally so bad that a regular 
inspection of the banks of a fishery can only be carried on during the month of March. 
Skates are indigenous to the Ceylon seas, and they obviously cannot be kept away 
from the banks if they choose to go there ; but I heard nothing after the inspection in 
March last of the army of monsters your correspondent speaks of : and 1 can only 
conclude that a short examination was made at the end of October, of w'hich I have 
yet had no account. I hope, for the sake of the colony, that matters are not so bad 
as stated, for skates are undoubtedly capable of doing a vast deal of mischief, even if 
they do not devour all the oysters.’ 

Pearls of considerable beauty arc found in Scotland. Mr. Alexander M. Cockburn 
thus describes them : — 

* The beauty of lustre and form, and the fine opaque colour of the Scottish pearl, 
attract more attention now than formerly. The late Prince Consort ordered a neck- 
lace to be made of pearls of a certain size, which took more than twenty years to 
complete. 

‘ The fishing for these pearls is now a regular trade. Fine and largo specimens 
of pearls are found in the rivers Tcith, Forth, Deo, Don, Earn, Tay, Tweed, and the 
rivers of Boss and Sutherlandshires. Country people often bring these treasures to 
town, and sell them for prices varying from a few shillings up to 261. Scottish pearls 
are easily known from the fine Oriental pejirls ; they are of a different shade of colour. 
Pearls about the size of a pea bring as much as 16/. to 261 . ; very large and fine ones 
from 30/. to 90/. The trade in these has increased very much within the last few years. 
A very fine specimen of Scottish pearl, mounted in gold, was sent from Edinburgh to 
the late Dublin Exhibition, the value of which was 500/. ; it was set in enamel and 
gold as a tiara for a lady’s head-dress.’ 

PAAJtXiS, A&TXFZCXAXi. These are small globules, or pear-shaped spheroids 
of thin glass, perforated with two opposite holes, through which they arc strung, and 
mounted into necklaces, &c., like real pearl ornaments. They must not only be 
white and brilliant, but exhibit the iridescent reflections of mother-of-pearl. The 
liquor employed to imitate the pearly lustre is called the essence of the East {essence 
d'orient\ which is prepared by throwing into water of ammonia the brilliant scales, 
or rather the la'inellce, separated by washing and friction, of the scales of a small 
river-fish, the bleak, cjdled in French ahlette. These sciiles, digested in ammonia, 
having acquired a degree of softness and flexibility wliicli allow of their application to 
the inner surface of the glass globules, they are introduced by suction of the liquor 
containing them in suspension. The ammonia is volatilised in the act of drying the 
globules. See Beckmann’s ‘ History of Inventions’ for an interesting account of this 
manufacture. 

It is said that some manufacturers employ ammonia merely to prevent the altera- 
tion of the scales ; that when they wish to make use of them, they suspend them in a 
well-clarified solution of isinglass, then pour a drop of the mixture into each bead, 
and spread it round the inner surface. It is doubtful whether by this method the 
same lustre and play of colours can be obtained as by the former. It seems, more- 
over, to be of importance for the success of the imitation that the globules be formed 
of a bluish, opalescent, very thin glass, confining but little potash and oxide of leiid. 
In every manufactory of artificial pearls there must be some workmen possessed of 
^reat experience and dexterity. The French greatly excel in this ingenious branch of 
industry. 

These false pearls were invented, in the time of Catherine de Medicis, by a person 
of the name of Jacquin. The manufacture of pearls is principally carried on in the 
department of the Seine in France. There arc also manuff/htories in Germany and 
Italy, but to a small extent. In Germany, or rather Saxony, a cheap but inferior 
quaUty is manufactured. The globe of glass forming the pearl in inferior ones, being 
very thin, and coated with wax, they break on the slightest pressure. They are 
known by the name of German fish-pearls. Italy also manufactures pearls by a 
method borrowed from the Chinese : they are known under the name of Koman pearls, 
and are a very good imitation of natural ones ; they have on their outside a coating of 
the nacreo^ liquid. The Chinese pearls are made of a kind of gum, and are covered 
likewise with the same liquid. 

In the yeax 1884 a French artisan discovered an opaline glass of a nacreous or 
pewly calour, veiy heavy and fusible, which gave to the beads the different weights 
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and varied forms found amongst real pearls. Gum, instead of wax, is now nBed 
to fill them, by which they attain a high degree of transparency, and the glassv 
appearance has been lately obviated by the use of the vapour of hydrofluoric acia. 
This acts in such a manner as to deaden the surface, and remove its otherwise glaring 
look. 

The material out of which these beads are formed is small glass tubing, like that 
with which thermometers are made. The tubes for the bright-red pearls consist of 
two layers of glass, a white opaque one internally, and a red one externally ; drawn 
from a ball of white enamel, coated in the Bohemian method with ruby-coloured glass, 
either by dipping tlie white ball into a pot of red glass, and thus coating it, or by in- 
troducing the ball of tho former into a cylinder of the latter glass, and then cementing 
them so soundly together as to prevent their separation in the subsequent pearl pro- 
cesses. These tubes are drawn, in a gallery of the glasshouse, to 100 paces in 
length, and cut into pieces about a foot long. These are afterwards subdivided into 
cylindric portions, of equal length and diameter, preparatory to giving them the 
spheroidal form. From 60 to 80 together are laid horizontally in a row upon a 
sharp edge, and then cut quickly and dexterously at once by drawing a knife over 
them. The broken fragments are separated from the regular pieces by a sieve. 
These cylinder portions arc rounded into tho pearl shape by softening them by a suit- 
able heat, and stirring them all the time. To prevent them from sticking together, 
a mixture of gypsum and plumbago, or of ground clay and charcoal, is thrown in 
among them. 

Figs. 1611 and 1612 repre.sent an apparatus for rounding tho beads: fig. 1611 is 
a front view of tho whole; fig. 1612 is a section through tho middle of tho former 
figure, in tho course of its operation. Tho brick furnace, strengthened with iron bands, 
2, 3, 6, 7, 8, has in its interior (see fig. 1612) a nearly egg-shaped space, n, provided 
with the follovring openings : beneath is the fire-hearth, c, with a roimd mouth, and 



opposite are the smoke flue and chimney, d ; in tlie slanting front of the furnace is 
a largo opening, e, fig, 1611. Beneath are tw’O smaller oblong rectangular orifices, 
F, o, which extend somewhat obliquely into the laboratory, n. h serves for introducing 
the wood into tho fireplace. All these four openings are, as shown in fig, 1612, 
secured from injury by iron mouth-pieces. The w'om is burned upon an iron or 
clay bottom piece, r. A semi-circular cover, n, closes during the operation, tho 
large opening e, which at other times remains open. By means of a hook, wi, and a 
chain, which rests upon a hollow arch, /i, the cover N is connected^ with the front 
end of the long iron lever », r'. A prop supports at once the turning axis of this 
lever and the catch ft, c ; the weight q draw’s tho arm ii down, and thereby holds 
up N : £ therefore remains open. By rods on the back wall, t t, the hook ^ in 





£20 


PEARL SPAR 


which b' rests, procee^ from jT, Wlien b' is raised, b sinks. The catch, c b, enters 
with its front tooth int6 a slanting notch upon the upper edge of n, spontaneously 
by the action of the spring e, whereby the opening, n, is shut. 

The small door, w, rises again with the front arm of the lever by the operation of 
the weight q, of itself, as soon as the catch is relenscd by pressure upon c. 

The mort imiK>rtant part of the whole apparatus is the drum, k, for the reception 
and rounding of the bits of glass. It may be made of strong copper, or of hammered 

or ciist iron, quite open above, and 
pierced at the bottom with a square 
hole, into which the lower end of 
the long rod, f, is exactly fitted, and 
secured in its place by a screwed 
collector nut. The blunt point .r 
1611) rests during the work- 
ing in a conical iron step of the 
laboratory, /y. 1612. On the mouth 
of the drum, k, a strong iron ring 
is fixed, having a bar across its 
diameter, with [i square hole in its 
middle point, fitted and secured by 
a pin to the rod and turned by its 
rotation. The vessel k, and its axle 
t, are laid in a slanting direction ; 
the axle rests in the upper ring c, at 
the lower end of the rod I, of which 
the other end is hung to the hook 
M, upon the mantel-beam, n. On 
the upper end of f, the handle, s, is 
fixed for turning round continuously 
the vessel k while the fire is burn- 
ing in the furnace, the fuel being 
put not only in its bottom chamber, 
but also into the holes F, a (^y. 
1611). The firewood is made very 
, . dry before being used, by piling it 

in logs upon the iron bars 9, 10, 11^ under the mantel-piccc, as shown in Jios- 
1611, 1612, ^ 
After the operation is finished, and the cover n is removed, the drum is emptied 
of its contents, as follows: — Upon the axle there is, towards k, a projection at tf. 
Alongside the furnace 1611) there is a crane, m, that turns upon the sttq), g, 
on the ground. The upper pivot turns in a hole of tlio mantel-beam, n. Upon the 
horizontal arm, "w, of the crane there is a hook, y, and a ring, g, in which the iron 
rod p IS moveable in all directions. When the drum is to be removed from the 
furnace, the crane, with its arm "w, must be turned inwards ; the under hook of the 
^ hung in the projecting piece u, and the rod I is lifted entirely out. 

After this, bj' means of the crane, the drum can lie drawn, with its rod jf, out of the 
furnace; and, through the mobility of the crane and its parts p, g, any desired position 
can bo given to the drum. Fl^. 1611 shows how the workman can with his hand 
applied to s depress the axle i, and thereby raise the drum, k, so high that it will 
empty itself into the pot placed beneath. When left to itself, the drum on the 
controry hangs nearly upright upon the crane by means of the rod p, and may 
therefiire be easily ^led again in this position. The manner of bringing it into 
the proper position in the furnace, by means of the crane and the rod I, is obvious 
from^. 1612. 

jnie now well-rounded beads are separated from the pulverulent substance with 
which they were mixed by careful agitation in sieves ; and they arc polished and 
finally cleaned by ag itation in canvas bags. See Ablktte. 

WmAMXi mUTTOn, Pearl-button making is thus practised : the blanks are cut 
out of the shell by means of a small revolving steel tube, the edge of which is toothed 
M a saw, after which they are flattened or reduced in thickness by splitting, which 
18 aided by the laminar structure of the shell. At this stage, being held in a spring 
™ck, they are finished on both sides by meana of a small tool : the drilling is 
«^ted by the revolution of a sharp steel instrument, which acts with great rapidity, 
w^meutal cuttings are produced bj means of small revolving cutters, and the final 
b^^t polish is given by the friction of rotten-stone and soft soap upon a revolving 

B9JkM0 A name commonly applied to ciystallised dolomite exhibiting 

fiurrea (aces. 
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P H Alt l i WBZTfi or PSAUXi POWBBB is a sub-nitrate of bismuth. See 
Bismuth. 

PSAT AHD TiniP. Accumulations of vegetable matter may bo chiefly com- 
posed either of succulent vegetation, grasses, or marsli plants, or ot' trees ; and the 
structure and condition of V'oody filire is well known to bo very different from tliat of 
grasses and succulent plants. There are thus two very distinct kinds of material 
preserved, the one undergoing change much less rapidly than the other, and perhaps 
much less completely. It is easily proved that from the accumulation of forest trees 
has been obtained the imperfect coal called lignite, while from marsh plants and 
grasses, mixed occasionally with wood, w'e obtain turf, and bog. All these sub- 
stances consist to a great extent of carbon, the proportions amounting to from 60 to 
60 per cent., and being generally greater in lignite than in turf. On the other hand, 
the proportion of oxygen gas is generally very much greater in turf tliau in lignite. 
The proportion of ash is too variable to bo worth recording, but is generally sufficiently 
large to injure the quality of the fuel. 

As a very large quantity of turf exists in Ireland, covering, indeed, as much as one 
seventh part of the island, tlie usual and imporbint practical condition of this substance 
can be best illustrated by a reference to that countr3\ This will bo understood by 
the following account of its origin, abstracted from the ‘Bog Report ’ cf Mr. Nimmo. 
He says, referring to cases where clay spread over gravel has produced a kind of 
pudillc preventing the escape of waters of floods or springs, and when muddy pools 
have thus been formed, that aquatic plants have gradually crept in from the borders 
of tlie pool towards their deep centre. Mud accumulated round their roots and stiilks, 
and a spongy semi-fluid was thus formed, well fitted for the growth of moss, which 
now especially appeared ; Sphagnum began to luxuriate ; this absorbing a large quantity 
of water, and continuing to shoot out new plants above, while the old were decaying, 
rotting and compressing into a solid snbstiinco below, gradually replaced the water by 
a mass of vegetable matter. In this manner the marsh might bo filled up while the 
central or moister portion, continuing to excite a more rapid growth of the moss, it 
would be gradually raised above the edges, until the whole surface had atUiined an 
elevation sufficient to discharge the surface-w’ater by existing channels of drainage, 
and calculated by its slope to facilitate their passage, when a limit would be, in some 
degree, set to its further increase. Springs existing under the bog, or in its imme- 
diate vicinity, might indeed still favour its growth, though in a decreasing ratio : and 
here, if the water proceeding from them w’ero so obstructed as to accumulate at its 
base, and to keep it in a rotten fluid state, the surface of the bog might bo ultimately 
so raised, and its continuity below so totally dcstro^’ocl, as to cause it to flow over the 
retaining ol)staclo and flood the adjacent country. In mountain districts the progress 
of the phenomenon is similar. Pools, indeed, cannot in so many instances bo formed, 
the steep slopes facilitating drainage, but the clouds and mists resting on the summits 
and sides of mountains, amply supply their .surf;K‘e with moisture, which comes, too, 
in the most favourable form for vegetation, not in a sudden torrent, but unceasingly 
and gently, drop by drop. The extent of such bogs is also affected by the nature of 
the rocks below them. On quartz they are shallow and small ; on any rock yielding 
by its decomposition a clayey coating they are considerable ; the thickness of the bog, 
fur example, in Knocklaid in the county of Antrim (which is 168 feet high), being 
nearly 12 feet. The summit-bogs of high mountains are distinguishable from those 
of lower levels by the totiil absence of largo trees. 

As turf includes a mass of plants in different stages of decomposition, its aspect and 
constitution vary very much. Near the surface it is light coloured, spong}', and 
contains the vegetable-matter but little altered ; deeper, it is brown, denser, and more 
decomposed ; and, finally, at the base of the greater bogs, some of wliich present a 
depth of 40 feet, the mass of turf as.sumes the black colour, and nearly the density, of 
coal, to wliich also it approximates very much in chemical composition. The amount 
of ash contained in turf is also variable, and appears to increase in proportion as we 
descend. Thus, in the section of a bog, 40 feet deep, at Tuuahoe, those portions near 
the surface contained per cent, of ashes, the centre portions 3|- per cent., whilst 
the lowest four feet of turf contained 19 per cent, of ashes. In the superficial layers 
it may also be remarked, that the composition is nearly the same as that of wood, 
the succulent material being lost ; and in the lower we find the change still more 
complete. Not with stiinding those extreme variations, we may yet esttiblish the ordi- 
nary constitution of turf, and with certainty enough for practical use ; and, on the 
average specimens of turf selected from various localities, the following results have 
been obtained : — 

The calorific power of dry turf is alxiut half that of coal ; it yields, when ignited 
with oxide of lejid, about 14 times its weight of lead. This power is, however, im- 
menseljr diminished in ordinary use by the water which is allowed to remain in its texture, 
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and which the spongy character of its mass renders it very difficult to get rid of. 
There is nothing which requires more attention than the collection and preparation 
of turf; indeed, for practical purposes, this valuable fuel is absolutely spoiled as it is 
now prepared in Ireland. It fs cut in a wet season of the year ; whilst drying, it is 
exposed to the weather: it hence in reality is not dried at all. It is very usual to 
find the turf of commerce containing one-fourth of its weight of water, although it 
then feels dry to the hand. But let us examine what affects the calorific power. 
1 lb. of pure dry turf will evaporate 6 lbs. of water ; now, in 1 lb. of turf as usually 
found there are } lb. of diy turf, and j lb. of water. The J lb. can only evajwrate 
4^ lbs. of water; -but out of this it must first evaporate the ^ lb. contained in its 
mass, and hence the water boiled away by such turf is reduced to 4| lbs. The loss is 
here 30 per cent., a proportion which makes all the difference between a good fuel and 
one almost unfit for use. When turf is dried in the air under cover it still retains 
one-tenth of its weight of water, which reduces its calorific power 12 per cent., 1 lb. of 
such turf evaporating 5 J lbs. of water. This effect is suffioient, however, for the great 
majority of objects ; the further desiccation is too expensive and too troublesome to 
be used, except in special cases. 

The characteristic fault of turf as a fuel is its want of density, which renders 
it difficult to concentrate, within a limited space, the quantity of heat necosKiry for 
many operations. The manner of heating turf is, indeed, just the opposite to an- 
thracite. The turf yields a vast body of volatile inflammablo ingredients, which 
pass into the flues and chimney, and thus distribute the heat of combustion over 
a great space, whilst in no one point is the heat intense. Hence, for all flaming 
fires turf is applicable ; there is, however, as some experiments made on Dartmoor 
show, some liability to that burning away of the metal which may arise from the 
local intensity of coke. If it be required, it is quite possible to obtain a very intense 
heat with tuif. 

The removal of the porosity and elasticity of turf, so that it may assume the 
solidity of coal, has been the object of many who have proposed mechanical and other 
processes for the purpose. It has been found that the elasticity of the turf-flbre pre- 
sents great obstacles to compression, and the black turf, which is not fibrous, is of 
itsslf sufficiently dense. 

Bot merely may we utilise turf in its natural condition, or compressed or impreg- 
nated with pitchy matter, but we may carbonise it, as we do wood, and prepare turf- 
charcoal, the properties of which it is important to establish : — 

By heating tiirf in closed vessels loss is avoided, but this process is expensive, 
and there is no compensation in tlie distilled liquors, which do not contain acetic 
acid in any quantity. The tar is often small in proportion ; hence the charcoal is 
the only valuable product. Its quantity varies from 30 to 40 per cent, of dry turf. 
The products of the distillation of 1,157 lbs. of turf were found by Blavier to ho 
charcoal, 474 lbs., or 41 per cent. ; watery liquid, 226 lbs., or 19 ‘3 per cent. ; gaseous 
matter, 460 lbs., or 39 per cent. ; and tar, 7 lbs., or 6 per cent. ; but the proportion 
of tar is variable, sometimes reaching 24-5 per cent, when the turf is coked in close 
vessels. 

The economical carbonisation of turf is best carried on in heaps, in the same 
manner as that of wood. The sods must be regularly" arranged, and laid as close 
as possible; they are the better for being largo, 16 inches long, by 6 broad, and 
6 deep. The heaps, built homispherically, should he smaller in size than the heaps 
of wood usually are. In general, 6,000 or 6,000 large sods may go to the heap, 
which will thus contain 1,600 cubic feet. The mass must be allowed to heap more 
than is necessary for wood ; and the process requires to be very carefully attended 
to, from the extreme combustibility of the charcoal. The quantity of charcoal ob- 
tained in this mode of carbonisation is from 25 to 80 per cent of the V'eight of 
diy turf. 

For many industrial uses the charcoal so prepared is too light, as, generally 
speaking, it is only with fuel of considerable density that the most intense heat 
can be modueed, but by coking compressed turf, it has already been shown that 
the resulting charcoal may attain a density of 1*040, which is far superior to 
wood-charcoal, and even equal to that of tlie best coke made from coal. As to 
salorific effects, turf-charcoal is about the same as coal-coke, and little inferior to 
wood-chiu?coal. 

It is peculiarly important, in the preparation of the charcoal from the turf, that the 
material should be selected as free as possible from earthy impurities, for all such are 
concentrated in the. coke, which may be thereby rendered of little comparative value. 
Hence, the coke from surfece-tmpf contains less than 10 per cent, of ash, whilst that 
dense tmf of lower stiata contains from 20 to 80 per cent. This latter quantity might 
altegetber unfit it frr practical purposes. — Ansted^ 
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Peat is cut and prepared in a very simple manner. The surface-matter being re- 
moved, a peculiar kind of spado, called a is employed. This is a long spade, 

with a portion of the blade turned up at right angles on one side. With this the turf 
is cut out in the shape of thick bricks ; ^ese are piled loosely against eiich other to 
dry. The longer peat is kept, and allowed to dry, the more important it becomes as a 
heating agent. 

On Dartmoor the peat is cut by the convicts, working in gangs ; and, being 
dried, it is carefully stored in one of the old prisons. From this peat, by a most 
simple process, gas is made, with which the prisons at Prince Town are lighted. 
The illuminating power of this gas is very high. The charcoal left after the 
separation of the gas is used in the same establishment for fuel and for sanitary 
purposes, and the ashes eventually go to improve the cultivated lands of that bleak 
region. Attempts were made here many years since to distil the peat for naphtha, 
paraffin, &c., but the experiments not proving successful, the establishment was 
abandoned. 

Experiments of a similar character have been made in Ireland, especially by a 
company working under the patents of Mr. Kees Keece. A Government Commission 
made their Report on these experiments. Tlic w'hole matter was so ably examined by 
Sir Robert Kane (Director of the Museum of Irish Industry), and by his assistant, 
Dr. Sullivan, that we quote somewhat largely fronri their Report. 

The object being to ascertain the necessary facts regarding the products of commer- 
cial value, the following was the course pursued : — 

Specimens of turf representing the several ordinary varieties were separately experi- 
mented on, and the results examined. 

The products of the distillation were collected as — 1, charcoal; 2, tar; 3, watery 
liquids; 4, gases. 

The relative quantities produced by 100 parts of peat wore found to bo— 



Xverape 

Maximum 

Minimum 

Charcoal . 

. 29*222 

39*132 

18*973 

Tarry products 

. 2*787 

4*417 

1*462 

Watery products 

. 31*378 

38*127 

21*819 

Gases 

. 36*616 

57-746 

25*018 


The peats yielding those proportions of products had been found to contain, previous 
to distillation, as dried in the air, a quantity of hygromotric moisture, and to yield a 
proportion of ashes in 100 parts, as follows : — 

Average Maximum Minimum 

Moisture. . . . 19*71 29*56 16*39 

Ashes .... 3*43 7*90 1*99 

The several products of the distillation thus carried on were next specially examined 
for the several materials of which the quantities and commercial value had been the 
principal sources of the public interest of this inquiry. 

The inquiry having reference, however, to the technical objects of the process, was 
carried on by examining the produce of 

I. Tar, for — 1, volatile oils ; 2, fixed (less volatile) oils ; 3, solid fats, or paraffin ; 
4, creosote. 

II. Watery liquids, for — 1, acetic acid ; 2, ammonia ; 3, pyroxylic spirit 

III. Gases for illuminating and heating power. 

The following numbers will indicate the results obtained in average. All the details 
of the processes of separation, and the numbers of the individual experiments, were 
given in special reports. 

In seven series of distillation in close vessels there was obtained from 100 parts of 
peat : — 


Ammonia • 

Average 
. 0:268 . 

Maximum 

0*404 

Minimum 

0*181 

or as 

Sulphate of ammonia . 

. 1*037 

1*567 

0*702 

Acetic acid . 

. 0*191 

0*286 

0*076 

or as 

Acetate of lime . 

. 0*280 ‘ 

*0*419 

0*111 

Pyroxylic spirit . 

. 0*146 

0*197 

0*092 

Volatile oils . 

. 0*790 

1*262 

0*671 

Fixed oils 

. 0*550 

0*760 

0*266 

Paraffin 

. 0134 

0*196 

0*024 


It is thus seen that the proportions of those products vary within wide limit*, 
which are determined by differences of quality of tne turf or temperature in the dis- 
tillation. 
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Smral trialf were made to determine the amount of creosote present in the tar, 
hut, although its presence eould be recognised, its proportion was so minute as to 
render its quantitative estimation impossible. This circumstance constitutes an essen- 
tial distinction between peat-tar and wood-tar, and indicates for the former an inferior 
commercial value, as the presence of creosote, now so extensively employed, is an 
element in the estimate of the price of tar obtained by distilling wood. 

* It will be understood,* writes Sir Robert Kane, ‘ that the materials indicated in 
the foregoing Table by the names “fixed and volatile oils” are in reality mixtures 
of a variety of chemical substances of different volatilities and compositions — gene- 
rally carbo-hydrogens — of which the further separation would be a labour of purely 
scientific curiosity, without having any bearing upon the objects of the present report. 
Although, therefore, those liquids were carefully examined, and observations made 
regarding their chemical history, I shall not embarrass the present report by refer- 
ence to them in any other point of view than as products of destructive distillation, 
whose properties, analogous to the highly volatile and to the fixed oils repcctivoly, 
may give them a commercial value such as has been represented. I may remark also, 
that, as a purely scientific question, the true nature of the solid fatty product is of 
much interest. The name paraffin has been given to this body, but in some of its 
characters it appears to deviate from those of the true paraffin, as described by 
Reichenbach to be obtained from wood-tar ; those differences, however, should not 
contravene its commercial uses.’ See Paraffin. 

‘ The inquiry so far carried on sufficient!}" established that tlK> peat, by destructive 
distillation in close vessels, yielded the several products that had been described, and 
were identical, or closely analogous, with those afforded in the distillation of wood or 
coal. The process in close retorts, however, being not at all that proposed or econo- 
mically practicalde for commercial purposes, it was necessary to proceed to determine 
whether the same varieties of peat, being distilled in a blast-furnace, with a current 
of air, so that the heat necessary for the distillation was produced by the combustion 
of the peat itself, would furnish the same products, and whether in greater or in less 
quantities than in the process in close vessels. 

‘ For this purpose the cylinder, which in the former scries of experiments had been 
set horizontally in the furnace, was placed surrounded by brickwork vertically, its 
mouth projecting a little at top, so that the tube for conveying away the products of 
the distilhition passed horizontally from the top of the brickwork casing to the con- 
densing-apparatus. Near tho bottom of the cylinder the brickwork left a space where 
the cylinder was perforated by an aperture, inch diameter, to which the tube of a 
large forge-bellows was adapted. The arrangement thus represented nearly the con- 
struction of an iron cupola. Tho cylinder being charged with peat, of which some 
fragments were first introduced lighted, and tho blast being put on, the combustion 
spread, and tho cover of tho cylinder being screw'ed down, the distillation proceeded, 
the products pnssing with tho current of air into the series of condensing-vcssels, and 
the gases and air finally being conducted by a waste-pipe to the ash-pit of a furnace, 
where they were allowed to escape. 

^ ‘By this means there was obtained, on a moderate scale, a satisfactory representa- 
tion of the condition of air-blast distillation of peat which has been proposed as the 
commercial process. In so carrying it on, several interosting observations were made 
which will require to be noticed here in a general point of view. 

‘ First, as to the nature and quantities of tho products. The specimens of peat 
operated on were selected as similar to those employed in the former series of which 
the results have been quoted ; and the products similarly treated were found to bo, 
from 100 parts 

Average Maximum Minimnrc 
Watery products . . . 30-7U 31'C78 29*818 

Tarry products , . . 2*392 2*610 2*270 

Gases . . - . . 62*392 65 041 69*716 

Ashes 4*197 7*226 2*493 

* These several products having been further examined, as in the former case, gave 
from 100 parts of peat : — 


■ 

Average 

Maximum 

Minimum 

Ammonia • • • 

. 0*287 

0*344 

0*194 

or as 




Sulphate of ammonia . 

. MIO 

1*330 

0-745 

Acme acid • 

. 0-207 . 

0*268 

0*174 

or as 




Acetate of lime • 

. 0*305 

0*393 

0*250 

^^rroxylie spirit . 
Volatile oils . • 

. 0*140 
. 1-069 

0*168 

1*220 

0*106 

0*946 

Paraffin 

. 0-125 

0*169 

0*086 
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* It is novf important to compare these average results with those of the former 
series obtained by distillation in close vessels ; we obtain — 


Ammonia • • 

Average produce from 
close distillation 
. 0-268 

Average produce by 
air-blast distlllution 

0-287 

or as 

Sulphate of ammonia . 

. 1-037 

1-110 

Acetic acid . , 

. 0-191 

0-207 

or as 

Acetate of lime . • 

. . 0-280 

0-305 

l^roxylic spirit . 

. 0-146 

0-140 

Oils .... 

. 1-340 

1-059 

Paraffin 

. 0-134 

0-125 


Experiments were made, at the request of Sir Eobert Kano, by Dr. Hodges, Pro- 
fessor of Agriculture, to determine the commercial value of the peat products. 

The quantities and nature of tho products, as certified l)y Dr. Hodges, in the one 
trial which he superintended, compared with tho Museum average results reduced 
to tho same standard (Dr. Hoclges’ acetic acid having been 25 per cent, of real) are — 


Sulphate of ammonia 
Acetic acid, real hydrated . 
Wood-naphtha . 

Tar 


Professor Hodges. 

Fron 

From ft ton. par 

22J lbs. 10' 

7i lbs. 0-3! 

831 oz. 0*21 

091 lbs. 4*4^ 


From 100 


From 100 

parts. 

From ft ton. 

parts. 

1-000 

24A lbs. 

1-110 

0*328 

4j| lbs. 

0-207 

0-232 

50i oz. 

0-140 

4-440 

63‘| lbs. 

2-390 


It hence is evident that tho quantity of ammonia obtained at Newtown Crommelin 
is rather under that obtained at tho Museum ; but the produce of acetic acid, tar, and 
naphtha, has been found in average decidedly inferior to that stated, although the 
maximum results found in particular trials have approximated closely to Dr. Hodges’ 
numerical results. There having been, however, apparently but a single trial so 
accurately followed up at Newtown Crommelin, it is necessary to contrast the results 
of the Museum experiments more specially with the quantitative produce expected 
by Mr. Eeeco. 

Mr. Eooco’s statement of the produce from 100 tons of peat distilled is compared 
with the average results of the Museum trials in tho following table : — 

statement in Average results of 
From Mr. Heoce’s Museum trials by 

100 parts of peat. prospectus. blast-process. 

Sulphate of ammonia * . . I'OOO 1-110 

Acetate of lime .... 0*700 0-305 

0-140 
0-125 


Acetate of lime 
Wood-naphtha 
Paraffin . , 

Fixed oils , 

Volatile oils 


At the Sews tho following manufacturing results were obtained in the year 1861 2, 
by Dr. B. Paul, at Sir James Matheson’s works, from 100 tons of peat: — 


749 gallons of oil with paraffin, @ 2s. 
From which is to bo deducted — 

100 tons of peat 2s. . 

Cost of manufacture 


£74 18 0 


£10 0 0 
28 14 6 


Leaving a balance of £36 3 6 

On the contrary, the manufacturing experience of Mr. Sullivan, in Ireland, were — 

150 gallons of oil (S) 2s £15 0 0 

300 lbs. of piraffin @ls. 1500 

52 gallons of wood-naphtha 2 10 0 

3 cwts. of sulphate of ammonia 1 16 0 

£34 6 0 

From this had to be deducted — 

100 tong of peat (© 4s. . . . . • ^20 0 0 

Cost of manu&cture • • • • .14 34 

34 3 4 


Leaving a balance of . 


0 2 8 
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' la the present state ^ tlie dl-manufacture, Is. per gallon would have to be deducted 
fipom the above-estimated results for burning oil. 

Dr. Bejnolds, as the Chairman of a Committee of the Eoyal Dublin Society on the 
use of by Siemens’ regenerative furnace, reports very favourably of its use in 
manufactories requiring high heats. Ordinary air^riedpeat, containing on an average 
25 per cent, of water, when used in this furnace, compares more favourably with coal than 
in any other known way. The general heating power of 2^ tons of peat is about 
equivalent in practice to that of one ton of average coal ; but in the Siemens’ furnace 
itlTldue appears equivalent to not less than C5 per cent, of that of StatFordshire coal. Mr. 
Slemeatalso states that peat mixed with 25 per cent of coal-dust gives a richer gas than 
peat aloM. At Carlstadt Munkfors, Sweden, F. Liindin has employed peat in iron- 
smelting containing as much as 45 per cent, of water. The resulting gas, which contains 
about 33 lbs. of water to 100 lbs. dry gas, is deprived of its vapour in a condensing 
arrangement of iron tubes, weighing 3,500 lbs., laid crosswise, and on which a jet of 
water plays. The heat of the gas before condensiition jvlways melts lead easily, and 
sometimes zinc. The results have been so satisfactory that a national testimonial has 
been presented to the inventor. This peat-furnace is preferred to tliat fed by dry 
wood, which only produces in the generators gas of a temperature of 1394° ; whereas 
the gas from the first furnace is 2666° ; less water is lodged in the condensers and 
the repairs are loss. It is said one Lundin furnace costs in Sweden about 900/. ; and 
it utilises 1,700 tons of ore in a year \yide Reports of Ulc United &tateii Commissioners 
to the Paris Universal Exposition, 1867]. 

There exists already above 100 patents for making and converting raw peat into fuel 
for steam and domestic purposes. The favourite methods with inventors of treating 
the crude peat have been compression by hydraulic power, separation of the vegetable 
fibre from the matrix, maceration, grinding, and rapid drying by heated air. These 
modes of dealing with peat are all liable to failure from various causes. Generally peat 
will yield an average of 70 per cent, of water, and any process that aims at getting 
rid of the water in a rapid manner has not been found to answer. The application of 
a high degree of heat seems to overbake the peat and rob it of a large amount of its 
calorific value. The attempt to abstract the ligneous fibre from the humus of the 
peat is a costly experiment, to deprive the peat of its most substantial and valuable 
material for the purposes of fuel. 

The Clayton method is simply to cut the peat into fragments in its raw and moist 
state, drain off as much of the water as will freely run away ; then masticate the fibres 
and whole mass of peat together in a machine until it becomes difficult to distinguish 
any ligneous fibre distinct from the humus in which it is so entirely mixed. The 
peat when first cut is put into what they call squeezing-trucks ; tliese trucks are per- 
forated in the bottom and sides, and in the journey to tlie works a large proportion of 
the free water is squeezed out by the action of a screw or lever. Tlie mastication or 
trituration of the peat is effected by moans of a vertical shaft carrying a s(‘ries of cut- 
ting-blades set round like a screw, and by means of these the peat is forced down into 
a long horizontally-placed cylinder. A revolving shaft, on which are a forcing screw, 
and a set of discs forming a dissecting double screw, passes tlirough the centre of this 
cylinder, and cutting-blades of hard steel are fitted on the end of the cylinder furtliest 
from the hopper. The peat, being forced into the horizontal cylinder by the blades 
and screws, is driven by every revolution of the discs against tlie cutters, thus effec- 
tively reducing the whole to a ^ulpy mass. 

The pulped peat is then forced out through orifices in the end of the cylinder on to 
rollers which carry it to trays, where it is cut yito lengths, and then taken to drying 
sheds, where it remains about three .days ; it is then, dry enough to be stacked in open 
racks, where the final drying is completed. 

. The most important feature in this system is the breaking up of the cellular ti.ssues 
of the peat, and thus getting rid of J:he fixed moisture : and the remarkable reduction 
in the size of the blodcs of peat during Uie process of drying shows that this is done 
in the most complete manner. The condensed peat becomes very firm and solid, and 
the whole process does not take more tliap seven or eight days. Messrs. Clayton, Son, 
and Howlett assert that this fuel can be produced at a cost of from five to six shillings 
a ton, . . 

Danchelle’s peat-fuel and peat-filters for sewage were exhibited at Manchester, 
in 1874. The samples of manufactured peat-fuel made from tho light browm moss, 
of Bed Moss, JEopwick, Lancashire, differed from other specimens of peat- fuel, in 
that the humus and ligneous fibre of the peat were macerated and reduced to a state 
of a fine chocolate-paste. The. machine used tp effect this consiste of a long cylinder, 
in which woaks a shaft armed with {>roper cutters ajid discs, by which the crude peat 
is sobn reduced to the consistency of pasty pulp, and issues in a long roll of any shape 
or diimetor; - this is cut into briquettes by a wired frame, and the briquettes are dried 
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in the usual way, under a covered shed ; in drying, they lose in their hulk, but they 
are in a fortnight converted into a good hard fine-grained fuel, and when roasted with 
charcoal, are about one-third their original size. The producers of the Danchelle peat- 
fuel also convert the peat into sewage filters by incorporating the peat with a mixture 
of clay and charring them. Experiments have been made, and are continued with 
these filters, in Bradford, Yorkshire, and in Paris, and the results are stated to bo very 
sjifcisfactory. Peat-fuels are prepared in Sutherland by charring the peat, which has 
been broken up by a machine, so as to leave it in a rough granular state, and afterwards 
worked up with crude shale-tJir, and pressed into bricks by a moulding machine. The 
quantity of shale-tiir taken up by the vegetable peat is very considerable, and gives it 
a thoroughly carbonised appearance. 

The Peat Fuel and Charcoal Company, by similar manipulation and drying, obtain a 
remarkable degree of density, and produce samples which are close-grained, hard, and 
look like mahogany. 

Mr. Joshua Kid<l has succeeded in obtaining an excellent charcoal from peat, which 
answers admirably as a fuel, and as a deodoriser. It is also used as a filtering me- 
dium for foul water and sewage. 

In Franco, peat-charcoal under the name of Charhon rottx^ is much used for making 
gunpowder. The Duke of Sutherland has made extensive experiments on the produc- 
tion of peat-cliarcoal. Thirty tons of this charcoal are produced weekly on the Duke’s 
estates, costing 11/. 10s. 9rf. 

Eichorne’s process for condensing peat, produces balls of a hard, clean, and conve- 
nient size, burning with a bright flame, and gives an excellent heat. Their calorific 
v'alue is said to bo, when compared with coal, as coal, 1‘00, hall-peat, 1’37. 

Mr. Robert Korrotitchison breaks up his peat with a mfichine, by means of which it 
parts with a great deal of its water. It is then manufactured in a masticator, and 
finely-broken asphalt is mixed with the mass. It is then shaped into briquettes, and 
dried under sheds. Its specific weight is less than most other peats, the addition of 
asphalt adds to its cost, but gives it greater value for furnaces and for raising steam. 

There are several other patentees of processus for preparing peat, which differ from 
those already named only in some minor details, the final result being in all of them 
nearly similar. 

Dutch feat is simply cut from the fens into bricks and dried in the air. They sell, 
where cut, at 12s. 10c/. a ton, and in the towns at 18s. or 19s. 

Korte turf\s obtained by dredging in low lying water-covered bogs. It is dredged, 
well-trodden, and then cut into short bricks and dried. It is sold largely to hotels 
and the better class houses in Holland ; at the peat bogs it is 14s. \d. per ton, in the 
towns, 18s. 11c/. Derril turf is found under the sand driven on the coast of Holland ; 
it is very compact, but not much used. 

Many of the particulars above given are obtained from a Lecture on Peat given by 
Mr. J. "Plant, on the samples of that fuel exhibited in the Peel Park Exhibition, Man- 
chester 1874, before the Manchester Literary and Philosophical Society. 

Mr. O’llara, in the ‘Dublin Quarterly Journal of Science,’ estimates the peat bogs 
of Ireland at 1,576,000 acres, occupying the limestone plains, and 1,255,000 acres, on 
the hills and mountains, making a total of 2,831,000 acres. Mr. Plant estimates the 
extent of peat in Great Britain at 3,500,000 acres, therefore the total in the British 
Isles will bo about 6,000,000 acres ; consequently, if 12 feet is assumed as the average 
thickness, each acre will yield 12,000 tons of peat, on the whole at least 72,000,000,000 
tons of valuable fuel. 

The following account of the peat-industry in Germany is extracted from the ‘ Allge- 
meine Deutsche Polytochuische Zeituug,’ which gives a good account of what is doing 
in the matter abroad : — 

‘ Herr Busch, a landed proprietor in Gross-Massow, near Lauenburg, appears to be 
carrying on the peat-industry ou his own estate, and communicates to our contem- 
porary that he was delegated by the “ Lauenburg Branch ” of the “ Pomeranian Agri- 
cultural Society ” to examine and report upon a new peat-press constructed by Stuetzke 
Bros., jun., Lauenburg, which commanded at the time considerable attention.^ After 
having seen the machine in operation, ho was so well satisfied with its capabilities that 
he recommended to his branch society the purchase of one. He reports the machine to 
be exceedingly simple in construction, capable of working up all manners of peat, 
requiring little power and almost juvenile attendance. The price of the same, although 
not definitely mentioned, seems to be somewhere between 20/. and 25/. The following 
description is given : — 

‘ The i^at-press consists of a wooden tub, about 6ft. high, and 2ft. wide, chained 
upon a kind of sledge. The wooden vessel contains an upright shaft which may be 
set in motion by means of a horse-gear. This shaft carries on the bottom an iron 
disci above it two revolutions or turns of screw-bladesi and above these four similar 
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bkdeg each firming a quadrant, and so arranged that they form a complete revolution. 
Knife-like projections in the wooden vessel prevent the peat revolving with the blades 
and shaft; the opening for the introduction of the raw peat is at the back on top ; in 
front IS the iron delivery, which may be opened by means of a lover, and contains a 
wooden conical mould, through which the peat issues in four endless strings or streams 
on an inclined table, on which it is cut in pieces or blocks of convenient length. The 
whole of the parts of the machine are so constructed that repairs are reduced to the 
very minimum. Tha machine requires one horse, three adults, and three or four boys 
or ^rls, according to the size and distance of the drying ground. If the peat to be 
worked lies entirely under water or has otherwise been rendered very soft^ or wet, it 
must bo thrown up to dry a little ; in the Rime way it has to be wetted if too dry. 
As a rule, it may be operated upon just as dug from the bog after removal of the top 
layer, but if the quality varies much at different depths it is desirable to mix the same 
in digging and throwing out. Two men dig tlie peat and cart it to the machine, which 
is pla^d as close as possible ; a third feeds the machine, diking Ciiro to keep it con- 
stantly full, in order to facilitate the even discharge of the streams of moulded peat. 
If the latter cannot be moved forwaid on the wetted biblo without getting crushed 
and squeezed, then the pulp is too wet ; if it crumbles, it is too dry ; if the stream 
be uneven or incomplete, the mould is clogged, and may be opened at once and the 
obstruction removed. Very little practice overcomes and entirely avoids tlieso diffi- 
culties. A girl or a boy stands on the left-hand side— -from the machine — of the table, 
and cuts from the stream with a sort of wooden spade 4 inches square — while holding 
the former with the left liand — a length of 10 inches, and removes the same to the end 
of the table, from whence it is loaded on a cart by one of the remaining two or three 
diildren, and wheeled to the drying ground. If tliere is sufficient room, the pieces are 
simply laid side by side in a dry atmosphere. Three da 3 ’s suffice to air-dry the same, 
and in two or three weeks they can bo stowed into largo heaps. The writer here re- 
peats that peat having gone through this machine dries much more quickly and burns 
with greater intensity of heat ; also that the lightest and poorest stuff so worked is 
fitted for consumption under steam-boilers. One volume of this pressed peat is equal 
to about two of Hanover peat, or to throe of ordinary cut peat, and the intensity of heat 
developed stands in the same proportion. 

‘ One horse is sufficient for ten hours’ work per day, the dynamometer only showing 
80 lbs. to 95 lbs. on a beam 13 feet 6 inches long, according to the size of the mould and 
the condition of the raw material, making two rounds per minute at thirty-seven paces 
each, or a total of seventy-four paces per minute, the exertions of the animal not lying 
80 much in the intensity of the pull, but in going round in a circle, and tliis one c^in 
do easier than another. Next to the regular speed of the horse, the production of the 
machine depends on the size of the moulds used. No. 1 is 3^ inches square, and pro- 
duces, in 60 minutes — during which the horse makes 118 rounds by exerting a pull of 
fiO lbs. on the 13 feet 6 inches beam — 1,000 pieces of peat 10 inches long, containing 
122,600 cubic inches® 70j cubic feet of wot peat. Absolutely dry, one of those pieces 
weighs 1 lb. loth. = l lb. | oz., or rather more, in English. No. 2 is 3J inches square, 
delivering in one hour and five minutes, and 150 rounds of the horse, 1,000 pieces of 
peat 10 inches long, the dynamometer showing 85 lbs. to 88 lbs. on the saino length of 
peam. The bulk of wet peat thus delivered is 81f cubic feet, one piece weighing 1 lb. 

17 loth — say 1 lb. oz., English, rather more — when absolutely dry. Mould No. 3 

18 4 inches square, and delivers in 1 hour 15 minutes, 144 rounds of the horse with a 
pull of 02 lbs. to 95 lbs., the same number of pieces, viz., 1,000 also 10 inches long, 
being 10^ cubic feet of wet peat, which weigh when quite dry 2 lbs. I oz. each piece. 
Some cut the peat only 8 inches long, others 12 inches ; 10 inches is the best rrsult of 
a number of trials. He uses form No. 3. His hands have to produce 7,(*00 pieces per 
day, and ho pays 6 sgr. (7*2<?.) per 1,000; for turning over or re-sUicking, Q‘6d. per 
1,000 each time. He turns his peat over three times, and pays 9d. per 1,000 in the 
stack, but this extra expenditure is more than covered by the greater value of the 


product and the saving of carriage by reason of the reduced bulk. Peat thus prepared 
from the 1st to the 20th May proved excellent fuel in the writer’s steam distillery.’ 

VaonO ACZB {Add pectique, Fr. ; Gcdlertsdure, Ger.), so named on account of 
its gelatinizing property, (from mirva, ooagulum\ exists in a vast number of vegetables. 
The easiest way of preparing it, is to ^ate the i^ts of carrots into a pulp, to express 
their juice, to wash the maro with ram or distilled water, and to squeeze it well ; 50 
parts of the ma^c are next to be diffused through 800 of rain-water, adding by slow 
degrees a solution of one part of pure potash, or two of bicarbonate. This mixture 
is to be heated, so as to be made to boil for about a quarter of an hour, and is then to 
be thrown boiling-hot upon a filter-doth. It is known to have been well enough 
bmlod when a sarnie of the filtered liquor becomes gelatinous by neutralising it with 
#11 add* This liquor contadns pectate of potash, in addition to other matters extracted 
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from the root. The pectate may be decomposed by a stronger acid, but it is better tc 
decompose it by muriate of lime ; whereby a pectate of lime, in a gelatinous form, 
quite insoluble in water, is obtained. This having been washed with cold water upon 
a cloth, is to be boiled in water containing as much muriatic acid as will saturate the 
lime. The pectic acid thus liberated, remains under the form of a colourless jelly, which 
reddens litmus-paper, and tastes sour, even after it is entirely deprived of the muriatic 
acid. Cold water dissolves very little of it ; it is more soluble in boiling water. The 
solution is colourless, does not coagulate on cooling, and hardly reddens litmus-paper ; 
but it gelatinises when alcohol, acids, alkalis, or salts are added to it. Even sugar 
transforms it, after some time, into a gelatinous state : a circumstance which serves to 
explain the preparation of apple, cherry, raspberry, gooseberry, and other jellies. 

PBCTZXr, or vegetable jelly, is obtained by mixing alcohol with the juice of ripe 
currants, or any similar fruit, till a gelatinous precipibite takes place ; which is to be 
gently squeezed in a cloth, washed with a little weak alcohol, and dried. Thus pre- 
pared, pectin is insipid, without action upon litmus ; in small pieces, semi-transparent, 
and of a membranous aspect, like isinglass. Its mucilaginous solution in cold water 
is not tinged blue with iodine. 

Fr^my has published a very comprehensive investigation on the ripening of fruit, in 
which he shows that this peculiar body only exists in fruit arrived at maturity. Not 
a trace of pectin can be detected in the juice expressed fj’om an unripe apple ; but on 
boiling the juice for some seconds with the x>ulp, pectin immediately appears, and is 
indicated by the liquid becoming viscid. Fremy considers the follo\ving as the only 
way to procure pure pectin : — 

From the juice of ripe pears, expressed in the cold, and filtered, the lime is to 
be separated by means of oxalic acid, and the albuminous substiince by the aid of 
tannic acid. From this liquid pectin is now proeipitjitcd by means of alcohol; it 
separates in long threads, which after being washed with alcohol are to bo dissolved 
in water, and again precipitated with alcohol. This is tr) be repeated three or four 
times, until the liqiud is free from sugar and oxalic acid ; hot water must bo avoided 
in these oj)eration8. 

PBXiXiXTOBY OP SPikm. ri/rHlirum officmalc. A mitivo of the Rist. The 
root when chewed produces a hot sensation. It is used Idr tootluiche. 

PSZiTllY. {Felleterie, Fr. ; l^ehwerk, (.ler.) This term comprehends all the skins 
of the wild animals found in high nortliern latitudes, especially on the American 
continent. Under Fur those are described. It should be understood that when the 
skins are received in their unprepared stole they are projierly called or spelts ; 
when tawed or tanned they become See Fuit Dukssino, 

PXiBT WOOXi. Wool plucked from the pelt s or ski ns of sheep after they are dead. 

PBMMXCAPT. The North American Indians cut the muscular portions of meat 
into thin slices, having separated the fat, and dry it in tlie sun. This tough dry meat 
cannot undergo putrefaction ; it is stamjiod closely together with a portion of fat, and 
jmeserved in buffalo- and deer-skins. This pemmieaii affords the largest amount of 
nutritive food in the least quantity of solid matter. 

PESTAIVO CAXVES are small xialms which are brought from the island of Penang. 

PESrcXXi BXiirE. See Calico-Printing. 

PEWeXX. MAXnrPACTVEE. (< 'ra(/07is,fahriquc (Jr. Fr. ; Bleistifte Verfartigung^ 
Ger.) The word ‘ jioncil’ is used in two senses. It signifies either a small hair-brush 
employed by painters in oil and Avater-colour.s, or a slander cylinder of black-lead or 
plumbago, either naked or onclos<^d in a wooden case, for drawing black lines upon 
paper. The last sort, which is the one to be considereil here, corresponds nearly to 
tJie French term crayon, though this includes also pencils made of differently-coloured 
earthy compositions, tieo Crayon ; Draw'inq Chaj-ks. 

The best black-lead pencils of this country are formed of slender parallelopipeds, 
cut out by a saw, from sound pieces of plumbago, especially sucli as have been ob- 
tained from Porrowdale, in Cumberlanu. (See Plumrago). These parallelopipeds 
are generally enclosed in cases made of ‘cedar wood,’ tliough of late years they are also 
used alone, under the name of ever-pointed pencils, in peculiar pencil-cases, provided 
with an iron wire and screw, to protrude a minute portion of the plumbago beyond 
the tubular metallic case, in proportion as it is wanted. The woofl commonly used 
for pencils, though called ‘ cedar,’ is really a juniper, being usually obtained from the 
Junijperus Virginiana^ 

Pieces of plumbago sufficiently largo to bo thus employed are very rarer and the 
supply from the Cumberland mine cun no longer be relied on. The mine has been 
closed for many years. In 1859 a company was formed for again working it, but failed 
to discover any plumbago of value. This year (1874) another attempt is being made 
to develope the mine. Many efforts have been made to utilise the smaller firag- 
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of plumbago — as by grinding them, melting them with sulphur or antimony, 
and the like ; but few of these hare been attended with any success. 

The late Mr. Brockedon was long occupied in seeking for some raotliod whicii 
might enable him to employ the pure powder of black-lead without cementing it by 
any substance, which inevitably injures the quality. He endeavoured to render the 
powder coherent by submitting it to enormous pressure ; but the different machiues 
and apparatus he at lirst made use of for this purpose, liowever strongly they we-rc 
made, were broken under the prossure, and his endeiivours were tlius unsuccessful, 
until the happy idea suggested itself of operating in a A'acuuiii. But it was ex- 
tremely difficult, if not impossible, to introduce under the receiver of an air-pump an 
apparatus for compressing the powder of ^apliite. Mr. Brockedon overcame this 
difficulty by an arrangement as simple as it is easily executed ; for, after lia^nng com- 
pacted the powder by a moderate pressure, and thus reduced it to a eertjiin sizt;, Jio 
enclosed it in very thin paper glued over the whole surface. He then pierced it in 
one place with a small round hole permitting the escape of the air from within, when 
the block thus prepared was placed under an exhausted receiver, and the air having 
been removed, the orifice was closed with a little piece of paper (a small adhesive 
wafer was usually emidoyed for this purpose), and in this state it was found that il 
might be left for twenty -four liours witliout injury. Being submitted to a regulated 
pressure once more, the different particles became agglomerated, and an artificial 
block of graphite (see GEAPniTK) was produced by simple pressure, as solid as the 
specimens obUiinod from the mine. 

The artificial masses of plumbago thus obtained owed much of th<‘ii’ character to 
the extreme fineness to which the plumbago was reduced by previous grinding under 
rollers. In this manner a great deal of useless plumbago is worked up into excel- 
lent black-lead pencils. The different degrees of darkness in drawing pencils should 
bo secured by the selection of speenmens of plumbago of varying degrees of density. 
It is, however, commonly obtained by combining, with the plumbago, sulphur, or sul- 
phuret of antimony, and by subjecting the plumbago to the action of heat. In the 
commoner kinds of pencil a very lieterogcneous mixture is employed ; indeed, many 
pencils are little more than black chalks. 

The pencil works at Keswick consist of a house of several stories, in tlie lower of 
which is a Imge water-wheel turned by the Greta, outside being the cedar wood ready 
for use. The quantity of cedar consumed annually by the establishment; is 4,000 cubic 
feet. These cedar logs are sawn into planks, and then a circular saw cuts the planks 
into smaller pieces, preparatory for the grooving-engine ; this grooving-engine consists 
of two revohnng saws, going at inconceivable speed ; one sjiw cutting the slips of wood 
into narrow square rods, and tlie other making a groove along the rod and cutting to 
size at the same time ; adjoining the grooving apparatus is a circular saw', cutting 
slips of cedar as covers to the grooved lengths. 

The plumbago, if good, needs no refining ; it is used precisely in the condition in 
which it leaves the mine. To ascertain its qualities eacli piece is scraped with the 
edge of a knife, besides being otherwise tested ; and in proportion as there is no 
gritty particles in it, so is it the more valmible. 8ome pieces are harder, some a little 
darker in colour than others ; and according t.o these peculiarities, they are employed 
for pencils of various hardness and shades. The whole knack of pencil -making seems 
to depend on the detection of these niceties in the bits of lead, and also, of course, in 
their honest adaptation to the varieties which are dealt out to the public. Plumbago of 
an impure kind is p?*ound to pow'der ; the grit, as far as possible, separated from it, and 
the cleansed material, mingled witli a cohesive liquid, is dried and pressed into J)ard 
lumps for use. This process, however, is applied principally, if not exclusively, to 
the plumbago imported from India, and only in reference to pencils of the commonest 
sort. Pencils made with such stuff are valueless to artists ; for independently of tlicir 
want of tone, they are never altogether free from grit. The best pencil is one 
made firom genuine, Borrowdale lead, pure from the mine, unci adapted by a skilful 
manufacturer to its assigned purpose. The mode of preparing the pieces of good 
plumbago for the pencil is very simple. All the bits, with tlieir surface merely 
mraped, are glued to a board, in order to fix them in a position for being saw'ii. 
When eo fixea they are brought under the action of a saw, w’hicli divides them into 
thin slices or scantlings. These slices are now handed to the fitter. This is an ope- 
rative who, with a lot of grooved rods before him, sticks slices of the lead into grooves, 
snajming off each slice level with the surface, so a.s just to leave the groove properly 
Jji the making of a single pencil, prhaps as many as three or four slice lengths 
aie required; but however many, each slice is fitted exactly endlong with another, so 
as to iWve no intervals. The rods being thus filled, are carried to the fastener-up. This 
P«twi glues the oedmr covers or slips over the filled rods ; and having got a certain 
number arranged alongside of each other, he fixes them tightly together, and lays 
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tlirm aside to dr}’, Wiieii (iried they are ready for being: rounded. The i*ounding is 
done by an apparatus lixod to a bench, containing revolving planes or turning tools. 
Into this engine, reals are put one after another, and out they come as fast as the 
eye can follow them, rour.ded to a perfect nicety. lly this simple and efficient 
machine a man will round from six huiuired to eight hundred dozens of pencils in a 
day. ^\fter being rounded they get a smoothing with a plane, and then they are 
polished by being rubbed with a peculiar kind of fish-skin ; this latter operation being 
performed by girls. Teing polished, the next step is to cut the rods into lengths with 
a circular saw, after which the lengths are respectively smoothed at the ends. 
Nothing now remains but to stamp the name of the maker, with the letters significant 
of their quality. The stamping-engine is as ingenious a pii'ce of machinery as is in 
the establishment. Ted into it, the pencils are stamped in less than an instant of 
time. A girl will with this appiiratus stamp two hundred pencils per minute. 
Gathered from a box below into Avhicli the pencils fall, they are carried away to be 
tied in bundles. 

In the year 17Do M. Conte invented an ingenious process for making artificial 
black-lead pencils. 

Pure clay, or clay containing the smallest proportion of ciilciireous or siliceous 
matter, is the substance which he employed to give aggregation and solidity, not only 
to plumbago-dust, but to all sorts of coloured powders. That earth lias the property 
of diminishing in bulk and increasing in hardness, in proportion to the degree of 
heat it is exposed to, and lienee may be made to give every degree of solidity to 
crayons. The clay is prepared by diffusing it in large tubs through clear river-water, 
and letting the thin mixture settle for two ruiiiiites. TJio supernatant milky liquor is 
drawn off by a syphon from near the surface, so tliat only tlio linest particles of clay 
are transferred into the second tub, upon a low’er levcP The sediment, which falls 
very slowly in tliis tub, is extremely soft and plastic. The clear water being run off, 
the deposit is placed ui^on a linen filter, and allowed to dry. It is now ready for 
use. 

The plumbago must be reduced to a fine }>owdcr in an iron mortar, then put into a 
crucible, and calcined at a heat approaching to wliiteiiess. The action of the fire 
gives it a brilliancy and softness wliicdi it would not otlierwise possess, and prevents 
it from being affected by the clay, which it is apt to be in its natural state. The less 
clay is mixed with the plumbago, and the less the mixturo is calcined, the softer are 
the pencils made of it ; tlie more clay is used, the harder arc the pencils. Some of 
the best pencils made by M. Conte were formed of two parts of plumbago and throe 
parts of clay ; others of equal parts. This composition ailmits of indefinite variations, 
both as to the shade and hardness — advantiiges not possessed l»y the native mineral. 

The materials having been carefully sifted, a little of the clay is to be mixed with 
the plumbago, and tlie mixturo is to bo triturated with water into a perfectly uniform 
paste. A portion of this paste may ho tested by calcination. If on cutting the in- 
durated mass particles of pliiinbago appear, the whole must bo further levigated. The 
remainder of the clay is now to be introduced, and the paste is to be ground with a 
muller upon a porpliyry slab, till it bo quite homogeneous, and of the consistence of 
thin dough. It is now to bo made into a ball, put upon a sujiport, and placed under 
a bell glass inverted in a basin of water, so as to be exposed merely to the moist air. 

Small grooves are to be made in a smooth board, similar to the pencil parallelo- 
pipeds, but a little longer and wider, to allow' for the contraction of volume. The wood 
must be boiled in grease, to jirevcnt the paste from sticking to it. The above- 
described paste being prc'ssed with a spatula into these grooves, another board, also 
boiled in grease, is to be laid over them very closely, and secured by means of screw- 
clamps. As the atmospheric air ciin get access only to the ends of the grooves, the 
ends of the pcneil-piecos become dry first, and by their contraction in volume get loose 
ill the grooves, allowing the air to insinuate further, and to dry the remainder of the 
paste in succession. When the wdiole piece is dried, it becomes loose, and might be 
turned out of the grooves. But before this is done, the mould must be put into an 
oven moderately heated, in order to render the pencil-pieces still drier. The mould 
should now be taken out, and emptied upon a table covered with cloth. The greater 
part of the pieces w’ill be entire, and only a few will have been broken if the above 
precautions have been duly observed. They are all, however, perfectly straight, 
which is a matter of the first importance. 

In order to give solidity to these pencils, they must bo set upright in a crucible till 
it is filled with them, and then surrounded with charcoal-powder, fine sand, or sifted 
wood-ashes. Tlie crucible, after having a luted cover applied, is to be put into a fur- 
nace, and exposed to a degree of heat regulated by the pyrometer of Wedgwood; 
which degree is proportional to the intended hardness of the pencils. When they 
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iiaye botti thtu baked, tke crucible is to be removed from the fire, and allowed to cool 
the pencils in it. 

Should the jpencils be intended for drawing architectural plans, or for very fine lines, 
they must be immersed in melted wax or suet, nearly boiling hot, before they are put 
into the cedar cases. This immersion is best done by heating the pencils first upon 
a ^diron, and then plunging them into the melted wax or tallow. They acquire by 
this means a certain degree of softness, are less apt to be abraded by use, and preserve 
their points much better. 

When these pencils are intended to draw ornamental subjects with much shading, 
they should not be dipped as above. 

hecmi. Process for making Artificial Pencils, somewhat differing from the preceding . — 
All the operations are the same, except that some lamp-black is introduced along with 
the plumbago-powder and the clay. In calcining these pencils in the crucible, the 
contact of air must be carefully excluded, to prevent the lamp-black from being 
burned away on the surface. An indefinite variety of pencils, of every possible black 
tint, may thus bo produced, admirably adapted to draw from nature. 

Another ingenious form of mould is tlio following : — 

Models of the pencil-pieces must be made in iron, and stuck upright upon an iron 
tray, having edges raised as high as tlie intended length of tbe pencils. A metallic 
alloy is made of tin, lead, bismuth, and antimony, wiiich melts at a moderate heat. 
This is poured into the sheet-iron tray, and, after it is cooled and concreted, it is in- 
verted, and shaken off from the model bar, so as to form a mass of metal perforated 
throughout with tubular cavities, corresponding to tlie intended pencil-pieces. Tlie 
paste is introduced by pressure into these cavities, and set aside to dry slowly. When 
nearly dry, the pieces get so much shrunk that they may readily bo turned out of the 
mould upon a cloth table. TJiey are then to be completely desiccated in the shade, 
afterwards in a stove-room, next in the oven, and lastly ignited in the crucible, with 
the precautions above described. 

M. Cont4 recommended the liardest pencils of tlic architect to be made of load melted 
with some antimony and a little quicksilver. 

In their further researches upon this sulject, M. Conte and M. Humblot found 
that the different degrees of hardness of crayons could not be obtained in a uniform 
manner by the mere mixture of plumbago and clay in determinate doses. But they 
discovered a remedy for this defect in the use of saline solutions, more or less con- 
centrated into which they plunged the pencils, in order to modify their hardness and 
increase the ujiiformity of their texture. Tlie non-deliquescent sulphates w^ere pre- 
ferred for this purpose ; such as sulphate of soda, &c. Even syrup was found useful 
in this way. 

VSirSf 8TBBX1, AND OF OTHER Metals. As peculiar elasticity is required in 
these pens, now so commonly used, the best metal, made from either Dannemora- or 
hoop-iron, is selected and laminated into slips about 3 feet long and 4 inches broad, of 
a thickness corresponding to the desired thickne.s.s and flexibility of the pens. These 
slips are subjected to the action of a stamping-press, somewhat similar to tliat for 
making buttons. (See Button; Plated Ware.) Tlie point destined for the nib 
is next introduced into an appropriate gauged hole of a little machine, and pressed 
into the semi -cylindrical shape ; where it is also pierced with tbe middle slit and the 
lateral ones, provided the latter are to be given. The pens are now cleaned, by being 
tossed about among each other in a tin cylinder, about 3 feet long and 9 inches in 
diameter, which is suspended at each end upon joints to tw'o cranks, formed one on 
each of two shafts. The cylinder, by the rotation of a fly-wheel, acting upon the 
crank-shafts, is made to describe such revolutions as agitate the pens in all directions, 
and polish them by mutual attrition. In the course of four hours several thousand 
pens may be finished upon this machine. 

When steel pens have been punched out of the softened sheet of steel by the appro- 
priate tool, fashioned into the desired form, and hardened by ignition in an oven 
and sudden quenching in cold water, they are best tempered by being heated to the 
requisite spring-elasticity in an oil-bath. The heat of this batli is usually judged of 
by the, appearance to the eye ; but this point should ho correctly determined by a 
thermometer, according to the scale (see Steel) ; and then tlie pens would acquire 
a definite degree of flexibility or stiffness, adapted to the wants and wishes of the con- 
sumers. 

The following description of the pens made at the works of the late Joseph Gillott, 
Birmingham, will illustrate the entire manufacture : — 

The steel is procured at Sheffield ; it is cut into strips, and the scales removed by 
immersion in pickle composed of dilute sulphuric acid. It is passed through rollers, 
^ which it is reduced to the necessary thickness ; it is then in a condition to be made 
into pens, and is for this purpose passed into the hands of a girl, who is seated at a 
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press, and who, by means of a bed and a punch corresponding, speedily cuts out the 
blank. The next stage is, piercing the hole which terminates the slit, and removing 
any superfluous steel likely to interfere with the elasticity of the pen ; at this stage 
they are annealed in quantities in a muffle, after which, by moans of a small stamp, 
the maker’s name is impressed upon them. Up to this stage the future pen is a flat 
piece of steel ; it is then transferred to another class of workers, who, by means of the 
press, make it concave, if a nib; and form the barrel, if a barrel-pen. Hardening is 
the next process : to effect this, a number of pens are placed in a small iron box and 
introduced into a muffle ; after they become of a uniform deep red, they are plunged 
into oil ; the oil adhering is removed by agitation in circular tin barrels. The process 
of tempering succeeds ; and, finally, the whole are placed in a revolving cylinder with 
sand, pounded crucible, or other cutting substances, which finally brightens them to 
the natural colour of the material. The nib is ground with great rapidity by a girl, 
who picks it up, places it in a j)air of suitable plycrs, and finishes it with a single 
touch on a small emery-wheel. The pen is now in a condition to receive the slit, 
and this is also done by means of a press. A chisel or wedge with a flat side is fixed 
to the bed of the press ; the descending screw has a corresponding chisel cutter, which 
jiasses down with the minutest accuracy ; the slit is made ; and the pen is com- 
pleted. The last stage is colouring brown or blue ; this is done by iritnKlucing the 
new pens into a revolving metal cylinder, under w'hicli is a charcoal stove, and 
watching njirrowly when the desired tint is arrived at. The brilliancy is imparted 
by means of lac dissolved in naphtha; the pens are iiniuerscd in this, and dried hy 
heat. Then follow the counting anjl selecting. Women arc mostly employed in tho 
manufacture, with skilled workmen to repair and sot the tools. In this manufactory 
there are employed more than 500 hands, of which four-fifths are women. The 
manufactory has been established upwards of 50 years, and has been tho moans of 
introtlucing many improvements in the manufacture. 

Since stool necessarily corrodes by the constant action of the acids in the ink, it has 
been thought that they W’ould bo protected by coating them with gold or silver ; and 
this has been effected by the electrotype process. In most cases, how'ever, tho thin 
film of gold is rapidly removed, and tho protection therefore afforded is small. I’lio 
manipulatory detfiils in the nianufiicturo of gold and silver pens are so nearly similar 
to those above described, that it is thought unnecessary to repeat them. Tho best 
gold pens are tipped with a native alloy, which is a conipound of osmium and 
iridium. See Osmiridium. 

The importance of this manufacture will l»o best .‘«liown by Mr. Samuel Timmins’s 
account of it in ‘ The Resources, Products, and Industrial History of Birmingham’ : — 

‘The number of actual makers of steel pens is 12. The number of men employed, 
360 ; the number of women and girls, 2,060. The amount of horse-power employed 
may be estimated at 330, including, say, 50 employed in ont-work rolling. The 
number of pens made w’eekly, 98,000 gross. Tlic quantity of steel used wtsekly, 0^ to 
10 tons. Tho value of pens per gross, to Ks. ; and of barrel-pens, from Td. to 
3 25. per gross; some of the larger pons being veiy’ much higher, according to their 
size and finish. 

‘The increase of men and boys from 300 to 360, of women and girls from 1,650 to 
2,050, of horse-j)owcr from 228 to 330, of steel used from 6.] to 10 tons, of pens made 
from 65,000 to 98,000 weekly, will sufficiently indicate tho rapid development of the 
trade during the past sixteen years. These returns of tho number of persons em- 
ployed, amounting to 2,400 persons, do not include the large number employed in 
making the paper boxes and other accessories of the trade ; and doubtless more than 
2,000 persons are more or less directly connected with the steel-pen trade in Birming- 
ham alone. 

‘One point relating to the cost of pens is very remarkable — the wonderfully low 
rate at which they are now produced. Thirty years ago, pons were sold, wholesale, 
at 6s. a gross, and now they are sold as low as l^d. and I '^d. per gi’oss! When it is 
remembered that each gross requires 144 pieces of steel to go through at least twelve 
processes, the fact that 144 pens am be sold for is a .singular example of the 
results attainable by tho division of labour and mechanical skill. 

‘Although most of the stool used for pens is produced in Sheffield, all the subse- 
quent processes are airried on in Birmingham, which is now tho head-quarters of the 
steel-pen trade. Two new factories had been established in France in 1849, in conse* 
quonce of tho high duties on English pens ; and these factories (now six or seven) 
produce about 60,000 gross of pens per week, against 16,000 or 18,000 gross made in 
1849. In Germany there are two factories, producing, however, very few pens. In 
America the high war-tariff has caused the esbiblishment of four factories ; and these, 
aided by skilled workmen from England, are producing about 10,000 gross of pens 
per week. 
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*Mo0t of the processes of pen-making are performed by hand-presses, to cut out the 
blanks, to pierce the hole, to form the nib, to emboss the pattern, and to mark the 
name ; self-acting machinery being used only for the commonest export pens.’ 

VaraUVO. Volcanic tufa : a light porous species of volcanic rock, so called on 
acconnt of the peppercom-like fragments of which it is composed. 

9mnma^ {Poivre, Fr.; Jy#cr, Ger.) The pepi^er-tree {Piper 7iigrum) is cul- 
tivated in many parts of India, and to some extent in the West Indies. When 
the berries begin to change colour from green to red, they are collected, spread 
out, and dried in the sun. The stalks are separated by liand-rul'bing, and then 
winnowing. The dry and shrivelled berries constitute the black pepper ; the soundest 
grains are selected for white pepper. These are soaked in water until they swell 
and burst their corticle, which is afterwards separated by hand-rubbing and win- 
nowing. 

In McCulloch’s ‘ Dictionary of Commerce ’ is a paper on the production of pepper, 
by Mr. Crawford, .in which we find the following distribution ; — 


lbs. 

Sumatra (west coast) 20,000,000 

Sumatra (east coast) 8,000,000 

Islands in the Straits of Malacca . . . 3,600,000 

Malay Peninsula 3,733,333 

Borneo ........ 2,666,667 

Siam 8,000,000 

Malabar 4,000,000 


Total .... dO, 000, 000 

Pereira particularises the following kinds of pepper ; — 

1. Malabar Pepper. — The most valuable ; a brownish-black. 

2. Penang Pepper. — Brownish-blacky but dusty. Sometimes used in England to 
manu&cture white pepper. 

8. Sumatra Pepper.— Thin is the cheapest sort. It is tlie black pepper of com- 
merce. The heavier kinds are the most esteemed, and arc known as shot pepper. 

4. Ftdton's Decorticated Pepper. — Black pepper, deprived of its liusks ly media ideal 

trituration. 

6. Bleached Pepper . — Penang pepper bleached by chlorine. 

6. White Pepper^ described above. 

7. Tdlicherry Pqipcr. 

8. Common White Pepper, — Comes from Penang by Singapore. 

Pepper is stated to be adulterated with sago. This can always 1)G detected by the 
microscope, the starch grains of sago being very much larger than those of pepper. 
Dr. Hassall has stated in the ‘ Lancet’ th<at, although ho frequently found pepper to 
be adulterated with linsecd-meal, rice, and wheat-llour, yet, that out of forty-three 
samples obtained from various sources, ho did not detect sago-meal in any. 

Four pounds of black pepper yield only about one ounce of piperine, or 1 -636th 
part. It is an insipid ciystallino substance, insoluble in water, but very soluble in 
lK>iling alcohol, and is extracted at first along with the resin, which may bo separated 
from it afterwards by potash. See Piperine. 

BSTS&a The Chavica betd and the C. Siriboa yield the loaf which, 
mixed with slices of the betel nut {Areca catechu), is employed for mastication by 
many of the nations of the East. See Betei,. 

BWraB, JAMAICA. See Pimento. 

WVMRy XiOATO. Chavica Boxhurghii {Piper lotigum). This shrub is culti- 
vated in Bengal, and forms a considerable article of conimtirce all over India. Tlie 
common long pepper is of a greyish-brown ; it is cylindrical, and of about an inch in 

length. 

WMBWWBKMXKTm The Mentha piperita, a labiate herb, yielding preparation.^ 
having srimnlant and carminative qualities, such us peppermint- water, essence of 

peppermint, oil of peppermint, &c. 

FBVBIW. The ‘ active principle,’ or digestive ‘ ferment,’ of gastric juice. 

A pr^aration is sold as pepsin for coa^ating milk. It is prepared by drying 
the gjandnlar layer of a calf s or pig’s stomach at a low temperature. Pepsin is 
employed advantageously in medicine. See Watts’s ‘ Dictionary of Chemistry.’ 

raBOVniOir caps. The universal emplojunent of the percussion cap in the 
plaee of the flint-lock has given rise to many most extensive manufactories devoted 
to their construction. Thin-rolled copper, as pure as possible, is selected. This is 
flrst cut into pieces called blanks. These are then punched up into the required shape. 

^ Q^y are charged bv touching the bottom of each cap with a strong adhesive 
liquid, and before this hardens, the fulminating composition is dropped in. All that 
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does not adhere is shaken out. The caps are varnished, and preserved for use. See 
Fulminatks. 

PUtFUHAlUIlT, AMT OT^ (Par/umerie, Fr. ; Wohlricchendc Kiinst^ Ger.) con- 
sists in the extraction of the odours of plants ; isolating them — A and B — and in 
combining them with inodorous materials, sucii as grease, C ; spirit, D; starch, £; 
soaps, F : also in the manufiicture of cosmetics, G ; dentifrices, pastes, tinctures, H; 
incense and pastils, I ; pomades, oil, and otlier toilet-appendages, K ; hair- washes, 
hair-dyes, and depilatories, L. 

(A and B.) There are throe distinct methods of procuring the odours of plants ; 
1st. By Distillation. If cloves, cinnamon-bark, or the odorous leaves of plants or 
wood, bo distilled, the fragrant principle contained therein rises with the steam, which 
lieing condensed, the otto, or essential oil, will be found floating upon the water. 
This process has already been described (see Distillation ; Eefricierathin ; Ottos ; 
Oils, Volatile; but can only bo beneficially applied by the perfumer to the procuring 
of certain odours; from woods, such as santal and cedar; from leaves, such as 
patchouli and bay leaves; from various grasses, such as the lemon grass and citronella 
of Ceylon ; from several seeds, such as carraway and nutmeg ; and but to two or 
three flowers, such as orange-blossom, rose, a.nd lavender. The various fragrant 
woods, seeds, and leaves are, however, almost as numerous as there are plants upon 
the earth, and as a consequence, the perfumer can have as great a variety of ottos by 
distilling for them. 

(C.) 2nd. Enfleurage. When it is desired to obtnin the odours of flowers, such as 
those of jasmin, acacia, violet, tuberose, jonquil, and numerous others, the process of 
distillation is inapplicable and useless, and that peculiar but simple meth^, termed 
‘ Enfleurage,’ must be adopted. This plan is founded on the fact, that greasy bo<lies 
readily absorb odorous particles, and will as freely part with them if in contact with 
pure alcohol. The operation of enfleurage is thus conducted at Messrs. Fiesse and 
Lubin’s laboratory of flf)W'ers, near Nice, in France. 

Purification of the grease. A corps, or laxly grease, is first produced by melting 
together equal parts of deer- or beef-suet (the former is preferred), mutton-.suct, ami 
lard ; it is then clarified thus: — Take 1 cwt. of grease, diA'ido it intD portions of about ■ 
2 lbs., place one of these in a mortar and well pound it ; when it is well crushed, wash 
it with water repeatedly, so long, in fact, until the water is as clear, after witlidrawing 
the grease, as before it was put in. The sever;',! lots of grease prepared in tliis way 
hai'e now to be melted over a slow fire, a<lding thereto about 3 ounces of crystalliswl 
ilum in powder and a handful of sea salt (common salt) ; now let the grease boil, 
but allow it to bubble for a few seconds only; then strain the grease through a fine 
linen into a deep pan, and allow it to stand to clear itself from impurities for about two 
or three hours. The clear grease is then again put into the melting vessel over a char- 
coal fire, adding thereto about throe or four quarts of ixise-water and half a pound of 
powdered gum benzoin ; it is then allowed to boil gently, and all .scum that rises care- 
fully removed until it ceases to be produced. Finally, the grease is poured into deep 
pans to cool; w'hen solid it is removed off the sedimentary water, and again being 
liquefied may be placed in store vessels for future use, where it may }»o kept for au 
indefinite period without change or becoming rancid. This purification of the grease 
gives employment to those engaged in the laboratory at a season when the floAvers are 
not in bloom. M. Herman of Cannes, and M. Pilar of Grasse, prepare in this way 
during AAunter, together, one hundred and twenty tliousaud pounds of •perfectly inodo- 
rous grease. 

The groAvers of the fioAvers of course pay duo attention to their cultiA^ation, so as to 
produce an ubundaiice of blossom indue season. Although it is not necessary that 
the flower-farmer should bo a perfumery-factor, it is useful that the latter should 
haA'e some knoAAdedge of the former aA'Ocation, so ns to bo prepared for each 
harvest of flowers as they succeed each other, and when it is practicable to unite the 
occupations ; better pecuniary results folloAA'. At Cannes ami Grasse, in I’raiice, whicli 
are separated from the frontier of Sardinia only by the ri\ erVar, and are distant 
from is’icG about 30 miles, the entire population is more or less interested in ^is 
particular manufacture. The A’arious flowers there ciiltiA'-ated do not come into 
l)lossom at one time, but in succession ; so that there is ample time to attend to each 
in turn. 

The enfleurage process is thus conducted : — Square frames, Aarving in size from 20 
to 30 inches iiro made, in the centre of which is fixed a piece of stout glass as in 
fig. 1613. Each frame is 1 ^ inch deej) from the top etlgo to the glass, so that if two 
frames be ])laced together face to face, there i.s, as it Avere, a glass box with a wooden 
frame, liaAung a depth of 3 inches between each gla.ss. This affords ample room for 
the blossoms to lie between them Avithout being crushed. In due season, watis, when 
the flowers begin to bloom, about half a poiiiid of the purified grease is spread upon 
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BBch side of the glass with a spatula or palate-knife. The gallierod blossoms are then 
hand-sprinkled op broad-cast orer the grease in one frame, and another frame is put 

over it so as to enclose the flowers. This 
1618 operation is repeated as many times as there 

are flowers to spread over each. These frames 
are termed Chdsse, which literally means 
‘ Sash.’ Now we are all familiar with wdndow- 
sashes — that is, a ghiss wdth a frame round 
it — and such is in truth the Chfl.sse used in 
the onfleurago process. Doubtless our w’indow- 
*sash’ is derived from the French. (^liAsse 
1614 may also be rendered in English, ‘a frame.’ 

Enfleurage, then, is conducted upon a glass 
frame or sash. About every other day, or 
every third day, the spent flowers being thrown 
away, fresh ones are placed upon the grease ; 
this manipulation being repeated so long as 
the plants yield blossoms, a time that varies 
from 1 to 2 months. After every addition 
of flowers, it will be observed that the grease 
increases in the fragrance of the flower with 
which it was sprinkled, and this continues till 
the enfleurage is com])l(it(?. fit which time the 
grease, now called ‘Pom.'idc,’ is scrfiped off the 
sashes, put into vessels, then placed in hot 
w’ater — fi w'at (.T-bath. By so doing the pom<*ido 
is liquefied, but is not made hot enough to dii- 
stroy its odour. By this treatment various 
cxtKineous matters, such fis a few jinthcrs of 
flowers, a stray bee, some pistils or loose part 
of the corolla, a wfiywfird butterfly fi nd moth, 
and such similar things, are removed, by pour- 
ing the clear pomade into the cfinisters through 
fine linen. When the pomade is cold enough 
it sots in these vessels, and is then fit for exportation or for ulterior uses. Fig, 1614 
represents a pile of ch&sso. 

3. Maceuation. In some few instances bettor results an; obtained by adopting 
the process of maceration, which consists in infusing the fresh flowers in liquetkul 
grease. For this purpose, the purified grease is placed in a hot water-liath, Unit is, 
the vessel containing the grease is set in another of a larger size, in which water is 
kept warmed over a stove. In the French hiboratories, tliis app;ir;itns is known fia 
the bain marie, salt being put into the water to increfise its boiling-point. Every 
time fresh flowers are gathered, the spent ones are strained away, find the fresli 
flowers put into the partially-scented grease. In a few instanc'es it is found adv.un- 
tageous to begin perfuming the gi’ease by maceration, and to finally finish it by enfleiir- 
age ; this is especially the case with violet pomade. 

After the maceration is completed, that is, when there are no more flowers to be 
had, the grease must bo kept steadily at a uniform degree of liquefaction, in order Unit 
friable portions of the flowers, &c., may subside, so Uiat the fair pomade can be sepa- 
rated therefrom pure and unsullied. Oils are scented by enfleurage and maceration 
processes by a slight diflference of mochaniciil arrangement. Thus, the sash, in lieu (4* 
glass, contains a wire-gauze, like a coarse wire-blind {clutsse cvjcr ) ; upon this gauze 
is laid a thick piece of fustian-like cotton fabric {mofleton die coiun), w hich has pre- 
viously been steeped in the purest olive oil. Upon (rack molleton laid in tlie sash- 
fmme the flowers are sprinkled in the same way as if it w ere for pomade, and the 
flowers are changed as often as possible. When the plants cease to bloom, each 
moUefton is wrapped in a strong cord net, and placed in a hydraulic or other press, 
for the purpose of squeezing the fragrant oil away from it. Oils of tuberose, rose, 
violet, jonquil, acacia, and orange are thus prepared. 

According to the length of time the enfleurage process occupies, and the quantity 
of flowers employed over the fi»me grease, the pomade or oil bears numbers respec- 
tively. Thus we have No. 12 pomade. No. 18 oil, No. 24 pomade, indicating their 
rristive strength of fragrance ; that is, the quantity of flowers employed in their 
latoufB^re. 

n BciiNTBD SFmrrs are produced by four separate plans 

y distilling alcohol with an otto, such as lavender otto, to produce spirit of 
|0Vfqder« 'Em tms purpose, and to produce the finest distillate, take 
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Oil of English lavender ...... 8 ounces 

Kectitied spirit 60° o. p 8 pints 

Rose-water 1 pint 

Mix the oil first with the spirit, then gradually add the water ; finally, distil oflf eight 
pints for sale. This distillate is unalterable by age, remains perfectly white, and will 
keep good in any climat-e. A great variety of scented spirits are made in this way, of 
which Hungary water and Eau d’Arquebuzade are good examples, the different scent 
or flavour being imparted by varying the combination of essential oils. 

2. All essential oils being soluble in alcohol, a ready way of producing some kinds 
of concentrated essences is to dissolve the fragrant essential oil in the spirit. Thus, for 

Essence of Boses, 

Take alcohol, 00° o. p. 1 gallon. 

„ pure otto of roses 3 ounces. 

The oil quickly dissolves at a summer heat ; but, in cold weather, beautiful 
acicular crystals appear throughout the liquid. Innumerable other concentrated 
essences may be produced in a similar way ; but the standard strength varies with 
the oil used. Thus, for every gallon of spirit employed we should use 2 ounces 
of oil of vitivert, 3 ounces of oil of patchouli, G ounces of oil of geranium, 8 ounces of 
otto santal, &c. 

3. Tinctuuatiox. — Musk, orris-root, ambergris, tonquiri-beans. castor, vanilla, 
civet, and a few other odorous substances, yield their odours to spirit by tinctura- 
tion, that is, by putting the fragrant material into the spirit, and allowing it to 
remain there for a perit^ till the alcohol lias extracted all the scent. The standard 
strength of these tinctures should be: for one gallon of alcohol, 2 ounces of grain 
musk, o ounces of ambergris. 8 ounces of vanilla, 8 lbs. of orris-root, 1 lb. of tonquin- 
beans. The standard strength of these essences is regulated, like tliat of ‘jewellers’ 
gold,’ by the selling price ; but the above is that figuratively indicated as alone worthy 
of the ‘ hall-mark.’ 

4. Enfi.kukagk Esskxces. — T he great bulk of the fine quality perfumes are pro- 
cured by extracting the fragrance from the enfleurage-mnde pomades and oils, by 
contact of fine alcohol with the grease or oil. The pomade is chopped up very fine 
and put into tho spirit, and allowed to remain together for one month at a summer 
heat. 

Supposing the finest, or No. 24, pomade or oil is used, the standard strength of 
tlieso essences slioukl be : for one gallon spirit rectified 60° over proof, of rose pomade 
or oil, 8 lbs. ; of acacia, 6 lbs. ; of orange-flower, 8 lbs. ; of jasmin, tuberose, violet, 
jonquil, 7 lbs. 

If oils bt; used, tho spirit and oil require to be w'ell shaken together daily, because 
the oils, by their greater specific gravity, sink out of conbict with the spirit. Ry 
continual agitation, the oils will not require many hours to part with their fragrance, 
in consequence of the mechanical subdivision which they are capable of, aiul hence 
are more intimately blended for tho time wdth the spirit. 

In this way are obtained essences of tuberose, orange-flowers, violet, jonquil, rose, 
acacia, .and jasmin. What are called ‘bouquets’ and ‘nosegays’ are mere mixtures 
of tlio above primitive odours. A few examples wo now give : — 
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Excelsior Perfume. 


Enfleurage acacia 

. 1 pint. 

Tincture vanilla 

1 pint. 

„ orange . 

. 1 „ 

civet 


„ jasmin . 

• 1 „ 

Oil of almonds 

1 drachm. 

Essence of rose . 

. 1 ,. 




Frangipan 

nVs Scent. 


Enfleurage violet 

. i quart. 

. 1 ., 

Tincture tonquin-benns . 

1 pint. 

Tincture of orris 

„ musk 

1 

■1 ’> 

„ vanilla . 

. 1 i»int. 

Essence santal-wood 

1 

4 •» 

Essence neroli . 

. 1 

Essential oil of cloves 

i drachm. 

„ rose . 

• I 1 

1 



St. Valentine's Eosegay. 


Enfleurage acacia 

. 1 quart. 

Tincture bfilsam of Peru 

■\ pint. 

„ jasmin . 

. 1 pint. 

Essence, citron zesto 

1 ounce. 

„ jonquil . 

• 1 M 

„ orange zeste 

2 

Spirit of rose . 

• 1 M 



Every perfumer hits some special formula, so that scarcely two houses work exactly 
the same mixture ; although the essences may ho rocognisod w'hich giv('s 

each particular perfume some speciality, as the. bergamot does in the Albiou nosegay, 
aud the patchouli does in the whit-e roses of the above. 

Hunyary Water and Eau clc Cologne. 

These preparations have long possessed gi*ea.t celebrity, in consequence, chiefly, 
of the numerous virtues ascribed to them. They are resorted to by many vota- 
ries of fashion as a panacea against ailments of every kind. They arc, however, 
nothing more than aromatised alcohol, and as such are agreeable companions to the 
toilet. 

Eau do Cologne derives its name from the city of Cologne, on the Ehine, at 
which place there are annually manufactured about 4,000,000 bottles. Hungary 
W’ater is wiid to take its name from one of the qneens of Hungary, who is reported 
to have derived great benefit from a bath containing it, at the age of 7»> years. 
This preparation contains rosemary, -which is said to excite the mind to vigoivnis 
action. 

As will be seen by the following recipes, these waters are similarly constituted 
aud prepared : — 

Eau de Cologne — best (piality. 

Eectified alcohol, G0° over ! Kssential oil of ro.seraary . o oinicis. 

proof . . . . 10 gallons. ! „ orange zeste . 10 „ 

Oil of neroli of orange . 7 ounces, i „ bergamot . U 

Eau clc — Sfcond qualit\'. 

Alcohol, 50° over proof . 10 gallons. Oil of lemon . . . o ounces. 

Oil of petit-grain orange . o ounces. „ bergamot . . o ., 

„ rosemary . . 4 „ 

Hungary Water. 

Bectified alcoliol, 60° over Oil of rosemary . , .6 onnco.s. 

proof . . . .1(1 gallons. „ citrim zeste . . ,> „ 

Oil of neroli of lemon . 15 ounces. „ neroli of orange . 2 

„ petit-grain of orange 5 ,, i 

Very fine Eau de Cologne and Hungary water can be made by merely mixing the 
ingredients as indicated in the recipes ; but it is far lietter to mix the citrine essences 
with the spirit, and then to distil the mixture, finally adding to the distillate the 
orange neroli and the rosemary. 

Both these perfumes are preferred when made witli grape-spirit, in lieu of corn- 
spirit. When, however, corn-alcohol cau only be listal, its fragrance is greatly 
improved by the addition of one drachm of acetic ether to every gallon of spirit 
employed. 

(E.) PowbEus. 

Inodorous powders, such as starch and talc, are rendered fragrant — 

1. By mixing with tliem odorous flowers, such as orange-blossom, violet, broken 
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cloves, actf-ia-buds, &c, allowing them to remain together for 24 to 48 hours, then 
sifting away the powder from the spent flowers. * 

2. By the addition of certain ottos, such as rose, lavender, &c., first rubbing a 
small portion of starch or tide in a mortar with tho otto, then mixing this strongly- 
scented portion with tlie remainder, by sifting the whole well together in a trough. 

In this way is prepared 

Hose- 8ce7i ted Toi Ict-Vowdcr. 

Wheat-starch 14 lbs. 

Rose-pink 1 ounce, 

Otto of rose i » 

The rose-pink and tho otto of rose are rubbed well with about 8 ounces of stiiroli, 
and finally sifted with the remainder as above described. 

3. By reducing some fragrant substance, such as cinnamon, nutmeg, or orris-root, 
to a fine powder, and mixing them with a given proportion of the inodorous starch. 
The violet-powder of commerce is a good example : — 

Infayi is Violet-Potvdcr, 

Stiirch of wdicat . . 14 lbs. | Kss. oil of bergamot . .1 ouucc. 

OiTJS-root powder , . 3 ,, i „ almond . drachm. 

Sachec Powders 

consist entirely of odorous substances reduced to powder, mixed aud sifted in various 
proportions. 

Hosc-Sachec Powder 

consists of 

Rose-leaves, ground . . 1 lb. | Cedar- wc-od dust . . 1!». 

San tal- wood powder. , .1 ,, | Otto of rose . . i drachm. 

After certain tinctures «aro made, there is found in the perfume-laboratory a vast 
quantity of residue, or spent material, such as musk-pods, vanilla, tonquin-beans, 
ambergris, civet, &c. These spent materials, altliougli not strong enough to yield 
any perfume to spirit, are yet fragrant, and may bo judiciously used in combination 
with a little otto to produce a good sach^e, such as 



Olla Podrida, 


which consists entirely of spent materials well ground together, and a 
and lavender rubbed in to increase and sweeten its odour. 

little otto rose 


Frangipanni Sachec, 


Orris-root 

. 1 lb. Grain mnsk 

. 1 drachm. 

Rose-leaves 

. 1 „ Civet . 

i 

SantJil-wood 

A j Otto rose 

J 

Tonqiiin-bean.s, ground 

• J »» 1 


The civet, tho musk, and 

otto of rose, are to be rubbed well with 

a little of tlio 


orris, and then mixed with tho other ingredients; it being uiidci*stood that all the 
materials, rose-leaves, orris-root, and santal-wood, have been previously reduced to 
powder. 

Some odorous materials are sold pure, such as patchouli herb, wdiich is merely the 
leaves of the plant rubbed on a sieve to X)Owder. Santal-wood and orris-root have to 
be reduced to powder at tlie dnig-griuder’s mill, 

(F.) ScKNTKD Soaps. 

Soaps are perfumed by two methods : — 

1. By melting tlio soap in a hot w'atcr- or steam-bath, and then adding tho scent 
when the soap is perfectly soft ; various kinds aud qualities of soap are used for this 
purpose. 

Curd or tallow soap, palm-oil soap, cocoa-nut-oil or marine soap, olive-oil soap, 
yellow or rtjsin soap, jK)tasli (soft) sotip. See Soap. 

When mixed in different proportions, and melted and scented, they bear various 
fanciful names given to them by the makers, and in some instances indicating their 
perfume ; such as almond and rose soap. No one soap made by tlie soap-makers 
appears to give entire satisfaction to the consumer : soaps of oil do not lather suffi- 
ciently, or with freedom enough ; tallow soaps are too hard ; rosin or yellow soap has 
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hn unpleasant odour ; cocoa-nut soap, being too airline, acts upon the ekin. Tlia 
perfumers, therefore, to make a go(^ body soap mix these in Turious proportions. 
Thus Piesse and Lubin prepare 

' Windsor- Castle Soap, 


Ourd soap . 
]!darine soap 
Olive-oil soap . 
Pale yellow soap 
Otto carraway . 


. 1 cwt. 

Grain musk 

. 21 lbs. 

Oil of cloves . 1 

. 14 

„ rosemar}” . 1 

. • 7 . 

„ thyme . | 

. ‘ 8 ounces. 

„ cassia .J 


I ounce. 

of each 
3 ounces. 


The soap is sliced into thin slabs, and put into the steam-pan in proportions of what 
is termed * a round,* that is, tlie slabs are placed perpendicularly all round the side of 
the pans, so as to be in contact with the metal. In about half an hour this soap will 
have melted, or ‘ run down.* Another round is then introduced, and so continued 
ev^ half-hour, till the whole melting is finished. 

The different soaps that are being melted must be put into the pan separately, 
because they do not all take the same time to liquefy ; thus, we must have a round of 
curd, then a round of marine, then of curd again, varying each time or half-hour ; 
but each round must bo of the same sort ; the mixture being rendered perfect by 
stirring the soap with a crutch, or tool like an inverted j^, with a long handle. When 
the melting is finished, the ottos and musk are added ; then the sojip is turned out 
into a cooling-frame. 

The musk, before being put into the soap, has to bo well rubbed in a mortar wdtli a 
little water, and then passed through a sieve to remove extraneous matters. AVhen new 
this soap has little fragrance, but when old its ‘ bouquet ’ is delightful : the alkaline 
reaction of soap improves the perfume of the musk. 


Brown Windsor Soap 

is made of various qualities, generally inferior ; the brown colouring added to the soap 
disguising its pcUow origin. The scents used for perfuming it are also generally of a 
common quality, although there are some honourable exceptions. 


Glycerine Soap, 

In consequence of the many virtues attributed to glycerine in a pure stetc, various 
soaps under the name of Glycerine Soap have been foisted upon the public. It is 
known to cliemists that glycerine is one of the proximate elements of fatty bodies, 
and that during the saponification of grease it is eliminated as an educt. The better 
the soap, as a rule, tlie freer from glycerine. The presence of glycerine in soap is 
indicative that the soap is imperfectly made. To add glycerine to good soap is, in 
fact, to spoil the virtues of both articles. 

Almond Soap 

IS made with a mixture of soaps such as is given above; and, wlien molted, is perfumed 

with 1 lb. of otto of almonds to every 
cwt. of soap used. Other fancy soaps 
are prepared in a similar way ; the pro- 
I)ortion of perfume regulating the rottiil 
price, or vice versa. 

2. Soaps are also perfumed by the 
* cold process,’ as it is termed ; that is, 
the soap is reduced to a sbito of fine 
division by shaving it up into a mortar, 
by putting the burs over an inverted 
cutting-plane. The best curd soap is 
generally selected for this purpose. After 
the soap is reduced to shavings, the 
scent is well incorporated, and then 
thoroughly beaten together with a heavy 
pestle. The soap is then moulded by 
the hand into lumps of about 4 ounces 
each, placed on racks to dry for a few 
days ; when sufficiently firm, each lump 
is placed in the die-press or stamp (see 
ifg, 1615) to give it the desired form and lettering. In this way are made all the 
soeoted soaps, (ff which we now give a few illnstrations 
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Orange-Flower Soap. 

Curd soap . . • . 7 lbs. I Essential oil of orange . 2 oz. 

Oil of neroli • • • • 2 oz. | Petit grain • . . , ^ oz. 

ThihcUMuak Soap, 

Grained musk . • • • 3 drachms. 

Curd soap .... 7 lbs. 

The musk is to be powdered with a little starch and sifted through lawn — a work 
of no little labour — before it is mixed with the soap. The alkaline reaction of soap 
is favourable to the development of the musk fragrance. It requires, however, fully 
three months to bring this soap to perfection, and the older it is the better. 

Patchouli Soap. Otto Pose Soap. 

Curd soap 7 lbs. Curd soap (previously coloured 

Essence of patchouli . . . 1 oz. with vermilion) . . .7 lbs. 

Bergamot • , • , 2 oz. Otto rose 1 oz. 

Indian geranium . . . ^ oz. 

„ santal . . . . ^ oz. 

(G.) Cosmetics, oh Toilet Appendaoes. 

These are rather a numerous class of substances used to ‘ make up ’ artificial beauty 
and the deficiencies of natural imperfections. Whethor this be strictly moral or other- 
Aviso is not our business to inquire. The practice is, how^ever, sjinctioned by its anti- 
quity ; and it is in the laboratory of the perfumer thosci things are made, which, ns an 
old author upon the subject says, ^Can brighten the skin, give force to beauty, and 
take off the appearance of old age and decay.’ There are preparations ‘ To prevent 
wrinkles;’ ‘To make the skin smooth, soft, and glossy;’ ‘To remove moulds, 
w'arts, and longing nmrks ; ’ ‘ To improve the complexion, prevent freckles, blotches, 
and to w'hiten a tanned or sun-burnt skin ; ’ ‘ To brighten the eye and increase the 
memory;’ and numerous others, which our limits prevent detailing. We subjoin a 
few' recipes, as examples • 

MUk of Pistachio NiitSf/or iinjfroving the Complexion. 


Spanish Pistachio nuts 4 ounces. 

Violet-water 34 pint^. 

Spirit of neroli ....... J pint. 

Palm soap “I 

Green oil j>each ..... 1 ounce. 

Wax and spermaceti J 


Dr. Startin, of Savillo-row, gives the following recipe as ‘ an excellent cosmetic ' : — 


Glycerine Lotion, 


Orange-flower w'ater 

. . 1 pint. 

Pure glycerine 

. . 1 oz. 

Biborate of soda (borax) 

. . 1 drachm. 


Glycerine Jelly ^ 

winch is much approved of in winter seasoas as a remedy for chapped hands, and 


for a dry skin, is made thus : — 

Pure glycerine 2 oz. 

White soft soap \ oi. 

Almond oil 1 lb. 

Scented with otto thyme, otto cloves, and bergamot, each J drachm. 


The soap and the glycerine are first perfectly blended, then the oil is gradually 
added, mixing the whole by constant trituration in a mortar ; finally, the perfume is 
added. 

Cold Cream of Poses, 

This is justly a favourite and universal cosmetic. 

Almond oil 1 lb. 

Provence rose-water 1 lb. 

White wax and spermaceti, cacli 1 oz* 

Otto of roses . . ^ drachm. 

Melt the wax and sperm in the oil, then gradually stir the running rose-water ; 
when nearly finished add the scent. 
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(H.) Dbntifeicbs, Pastes, &c. 

Under the general title of Dentifrices, various scented t^oth-powdcrs, mouth- 
washes, tooth-pastes,* breath- Jozenges, are included in the* perfumer’s repertory. 

Piesse and Lulnn^s Tooth-Powder, 


Precipitated chalk 

. 1 lb. 

Orris-powder 

. 1 lb. 

Carmine 

i drachm. 

Very fine powdered sugar .... 

. } lb. 

Otto rose and neroli, each .... 

. . 1 drachm. 

Opiate 7ooth-Paste. 

Honey 

.. . ^ Jb. 

Precipitated chalk 

. i lb. 

Orris-powder 

. -i lb. 

Tincture of opium and myrrh, ench . 

. 1 oz. 

Essence, cloves, nutmeg, and rose, each . 

, . drachm. 


(I.) Fumigating Perfumks. 

The earliest records of ‘sweet savours’ show us that sweet smells were pro- 
duced from throwing volatile and odorous resins on to a smouldering fire; and so 
much were they priztKl that tliey ■W'ero considered worthy offerings to the Most 
High. The formula for incense for holy places is given in Exodus xxx. 34. Tlio 
following is a pleasing incense : — 


Santal wood in powder . 1 lb. 

Vitivert in powder . . 1 oz. 

Cascarilla bark . . lb. 


Gum benzoin powder 
Grain musk 
Powdered nitre 


\ lb. 
I oz. 
2i oz. 


Ribbon of Rrugc.% for sweet fumigation. 

Make a solution of saltpetre, i.e, nitnite of potassa, of 2 ounces to a pint of water; 
into this st/oep good undressed cotton tape, then hang up to dry; now steep it in the 
following tincture which has stood one month : — 

. I pint. 


Spirit 
Musk 
Otto rose 


i oz. 

1 drachm. 


Myrrh 

Orris 

Benzoin 


i oz. 

i pin 

4 oz. 


When dry it is fit for use; light it, blow out the fiamo, and as it smoulders, a 
fragrant vapour will rise into the air. 

(K.) Fluids, Pomades. 

Ungfuents for the hair are prepared in endless variety. The following are good 
examples : — 

Philoeome, 

Enfleurage oil of any or mixed floAvers .... 1 lb. 

Virgin wax oz. in summer ; 

or, in winter, one-third less. 

Crgi^iallised Oil, 

Ehfleuiage oil of any flower 1 i],. 

Spermaceti 2 oz. 

Cool gradually. 

Hungarian Pmnade, 

{Pour moustache d la Crinoline.) 

White wax . . 1 lb. | Rose-w'ater . . i pint. 

Oil soap . . . ^ lb. I Bergamot , . . 1 oz. 

Gum arabic . . -» ib. I Thyme . . .’ l drachm. 

Hair-washes are for cleaning the head, and removing eff«*te pomade. 

Spirit 

Marine soap 

Melt the soap in the spirit in a bath, then add rose- or ornnge-water, J pint. 


1 pint 
1 lb. 
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Athenian Hair-wash. 

Hosemarj’* water 1 g-allon. 

Sassafras c*liij>s lb. 

PoarlaKli 2 oji!. 


Boil for half an hour ; when cold, add spirit or Hungary-water, 1 pint. 

(L.) Several other products of the perfumer’s laboratory, such as hair-dyes, fixateur, 
depilatory, court plaster, &c. ; but these cannot be well tjjiight by books. — S. P. 

ZlTDZAXr. The natives place on the door a layer of the 
scented flowers, about 4 inches thick and 2 feet square ; cover them -wath a layer 
2 inches thick of Tel or Sesamum-soed wetted ; then lay on another 4-inch bwl of 
flow’ers, and cover this pile wdth a sheet, which is pressed dowm by weights round the 
edges. After remaining in this stote for 18 hours, the flowers are removed and 
replaced by a similar fresh layer, and the seeds are treated as before ; a process which 
is repeated several times if a very rich perfumed oil bo required. The sesamum-seeds 
thus embued -with the essential oil of the plant, whether jasmine, bela, or chumbul, 
are placed in their swollen stole in a press, and subjected to strong pressure, vhereby 
they give out their bland oil strongly impregnated w'ith the aroma of the particular 
flower employed. The oil is kept in prepared skins called duhherSy and is largely 
used by the Indian W’omcn. Attar of roses is extensively produced at Ghazeporc, and 
is obtained by distillation. 

PBRZDOT. A jeweller’s name for the transparent green chrysolite (olivine), cut 
as an ornamental stone. See Chrysolitk. 

PBBMZAB*. The Permian rocks were so called by Sir Eoderick Murchison, 
from the Government of Perm, in European Russia, where these rocks are largely 
developed. They had previously been termed the Lower New Red series. As, how- 


ever, these strata have nothing in common with the New Red Sandstone, except 
occasionally colour, and as the magnesian limestone is often absent, the w'ord ‘ Permian ’ 
now generally supersedes the older denomination. The Permian rocks form the 
uppermost member of the Palaeozoic strata, lying, when the series is complete, on 
the Upper Caal Measures. They skirt the carboniferous rocks on the east iincom- 
formably, from Nottinghamshire to the river Tyne ; and where complete the section 
is as \n fig. 1616, in Nottinghamshire and South Lancijshiro. 

The sandstone, 2, contains plant remains, and the limestones, productos, spirifers, 
nautili, and other marine shells of Palaeozoic types. It is from the Lower Limestone 
that the stone for building the Houses of Parliament was obtoined. It forms frequently 
nn excellent building stone, and may be obtained in places in blocks of great size. 
It is also extensively burned for lime. 

Permian strata, believed to belong to the sandstone bods. No. 2, surround more 
or less the Lancashire, North and South Staffordshire, the Warwickshire, and the 
Shropshire coal-fields, &c. They are in places 1,000 feet thick, and consist chiefly 
of red marls, sandstones, and conglomerates. The Magnesian Limestone is generally 
absent in these districts ; but thin bands of it occur in Lancashire, and in parts of 
Cumberland. 

There are magnesian limestones in other formations, not to be confounded with those 
of Permian age. — A. C. R. 

PBBirAMBiroO WOOB. See Brazil Wood. 

PBBBT is the fermented juice of pears, prepared in exactly the same way as 
Cyder. 

PBBSZBJf B BBB XBS. See Berries, Persian. 

PBBWXAV BABB, or Jesuits' Baric. The products of several species of 
the Cinchona, For a knowledge of the medicinal properties of the Peruvian bark, 
and its value in curing intermittent fever, we are indebted to the Jesuit priests, who 
introduced it to Europe in 1632 ; but it was not commonly used till the latter part of 


1616 


rcrniian rocks 


1. Coal-measures. 

2. Red and variegated sandstone and conglomerates. 
a. Marly shale, ‘ marl slate.’ 

4. Magnesian limestone, often sandy. 
r>. Red marl. 

Thin bedded magnesian limestone. 

\.7. Red marl. 

8, New Red Sandstone. 
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the seventeenth century. The disulphate of quinine 

is largely prepared froi 

bark, of which we imported in 1873 as follows 

Quantity 

Cwts. 

Value 

£ 

From France 

. 1,110 

7,846 

»» 

Central America .... 

. 1,228 

12,280 

>> 

New Granada 

. 11,843 

106,617 

»» 

Ecuador 

. 4,668 

44,597 

tt 

Peru . . . 

. 5,829 

74,643 

1, 

Chili 

. 1,782 

23.453 

ft 

Brazil 

146 

1,387 

t» 

Other countries .... 

. 1,845 

14,798 


' Total 

. 28,461 

285,620 


Of which we re-exported 11,424 cwts. to the value of 71,304?. 

VBTAILXTtff from ireraXov, a leaf. The mineral in which lithia was first dis- 
covered by Arfvedson. Petalito occurs in the iron mine of Uto, Stockholm ; near 
York, on the north coast of Lake Ontario ; at Bolton, Mass., U.S. ; and at Elba. Its 
composition is, according to Kammelsberg: — silica, 77‘70 ; alumina, 18*58; lithia, 
3-3 0 ; soda , 1T9« 100-86. 

FBTROXiBirM;. {Pkrol-e, Fr.; Steinol, Ger.) This term is applied to several fluid 
bituminous substances, found in a great number of different localities, in rocks of very 
dissimilar ages, and which were formerly known as Persian naphtha, or rock-naphtha. 
(See Naphtha.) As it, however, forms only one of a numerous class of analogous com- 
pounds, it will be convenient to tfike a general view of the whole class of bituminous 
minerals occurring in nature. Starting with the liquid compounds, which, as a rule 
are, in composition isomeric with olefiant ga.s, and may bo represented by the formula 
CnKn, the diminution of hydrogen is accompanied by an increase of density, until we 
reach the more bituminous varieties of coal. The following bible, by l)r. Sterry Hunt, 
represents the intermediate steps of tliis series ; the analyses are computed vith 24 
equivalents of carbon, in order to compare them with cellulose, C** H-® 0^“ : — 


Liquid bitumens ; general composition . 

„ „ Rangoon petroleum . 

Elastic bitumen or Elaterite ; Derbyshire 
Asphalt, Bastennes .... 

„ Naples 

„ Mexico 

Idrialine 

Alberti te or Albert coal ; New Brunswick 
Bituminous or resinous lignite 

Bituminous coal, extremes of composition 


QU H-^. 

(124 J|l« (J0.7 
()=• 

024 0 -- 

C-* H»* 

C" 1I‘« ()-• 
(>>» h‘5 

0. 

I^O-JJIpo Oh 


From the above table, it will be seen that certain bitumens, such as Idrialine, differ 
but slightly in composition from bituminous coals, and in reality it is very difficult 
to draw a decided line between them. The questions as to whothor certain Scotch 
cannel coals and the Albert coal of New Brunswick, are to be considered as coal or 
not, have been discussed at great lengths before courts of law, williout leading to any 
satisfactory definition. Roughly speaking, the characters of fusibility and solubility 
in benzole and sulphide of carbon are to be relied on as distinguishing the solid 
bitumens firom coals. 

According to Boussingault, asphalt is a dark brown or pitchy-black substance, 
fusible at ^e temperature of boiling water. At lower temperatures, when perfectly 
solid, it breaks with a well-marked concho'idal fracture. Hardness, 2 ; specific gravity 
X-1 to 1*2. It becomes negatively electric by friction, giving out a strong and charac- 
teristic bituminous odour. When asphalt is treated with anliydrous alcohol, about 
5 per cent, of a resin is extracted, which is called by Boussingault Petroleir. From 
the remaining 96 per cent, insoluble in alcohol, ether dissolves 70 per cent, of a 
black resin, giving a brown solution. The whole of the remaining 25 per cent, is 
soluble in ro^-naphtha or ethereal oils, and has been termed Afipkaltene. Its per- 
centage composition is: carbon, 75*5; hydrogen, 0*0; and oxygen, 14*8 or approxi- 
mately of the atomic formula, C** B” 0^ which, according to the i)receding table, is 
intermediate between asphadt and elaterite. 

Among the more important localities of bituminous matters, are the following : — 
Sandstonea and Umestones filled with asphalt, in greater or less abundance, of the age 
of the HolaaK^ or Middle Tertiary period, are found at Scyssel, in the French depirt- 
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meet of the Rhine ; also in the Val de Travers, in Neocomian limestone. The bitu- 
minous sand of Bechelsbronn, in Alsace, which is of tertiary age, is about 7 feet thick, 
containing 2 per cent, of bitumen. Similar sands are found at Soultz-sous-Fbrets, 
and ^hwabsweilier, in the same country. At Lobsann, also, in Alsace, Daubr^e has 
described a freshwater tertiary limestone, which contains 10, 12, and oven at times 18 
per cent, of bitumen. Similar deposits exist in Otago, N.Z. Bitumen also occurs in 
sandstone in the Auvergne, in Central France. 

Bitumen is occasionally found in mineral veins, as, for instance, at Dannemora and 
Filipstad, in Sweden, accompanying magnetite, and in the carboniferous limestone 
at Steunton Harold, in Leicestershire, in small veins associated with galena, copper-, 
and iron -pyrites. It also occurs in brown iron ores, at Markolden and Markolden- 
dorf, near Hildesheim ; and at Elligs^r Brink, in Brunswick. An analogous mode 
of occurrence is furnished by Hatchettine^ or mineral tallow, a beautiful pearly- 
white substance, almost identical with paraffin, which is found in the interior of 
nodules of clay-ironstone in the neighbourhood of Merthyr Tydfil. Ozokerite is a 
simile substance, of a darker colour, found in sandstones both in Scotland and in 
Galicia and Moldavia. Idrialinc is remarkable as being a hydrocarbon, containing 
a minimum amount of hydrogen: it occurs in a bituminous schist, which contains 
cinnabar, at the great quicksilver mine of Idria, in Carniola. A remarkable substance, 
forming apparently a^ink between lignite and asphalt, has been described by Delesse. 
It is a brownish-black rock, of a very compact texture, found at Promina, in Austria, 
containing 59 per cent, of crystalline carbonate of lime, 9 per cent, of argillaceous 
matter, and 32 per cent, of a combustible substance, which is fusible but almost 
totally insoluble in benzine. When heated it gives off acid vapours, leaving only 
per cent, of coke. See Asphalt; Bitumen ; Ozokerite. 

The so-called Pyropissite of Kengott is another mineral intermediate in character 
between lignite and bitumen. It is a dark yellowish-grey, or brown, earthy, and 
friable substance, with a shining streak, of the specific gravity 0-9. When heated it 
gives off a dense white smoke, and melts to a pitchy mass. A waxy substance of a 
very complex composition may be extracted from it by digestion in ether, and Mar- 
chand obtained G2 per cent, of paraffin from the natural mineral by dry distillation. 
The principal localities are Gerstowitz near Weissenfels, and Holbra in Thuringia, 
where it forms a layer of 3^ feet in thickness, immediately above a seam of brown coal. 

Dysodil is another bituminous mineral associated with brown coal, but this term 
appears to bo applied to two different substances : one being an infusorial earth satu- 
rated wi^ mineral tallow, found near Giessen, in Hesse-Darmstadt, while on the 
lower Rhino the term is applied to a lamellar brown coal. See Dysodil. 

Turba, a very light material, greyish or brownish in colour and felty in texture, 
which ignites readily with a dense smoky flame, leaving the mass of the same dimen- 
sions as before, occurs in abundance at Camamu, province of Bahia, BraziL Hartt 
(Hartt’s ‘ Scientific Results of Agassiz’s Journey to Brazil,’ p. 262) states that it rests 
in a basin of gneiss whence the tertiary clays have been swept away; hence it appears 
to be of recent origin. In a section of 108 feet the turba intermingles with a series of 
arenaceous and argillaceous sandstones, alternating with bituminous clay, lignite, shale, 
and sometimes pure bitumen ; it usually rests on limestone, a conjunction peculiar to 
petroleum and shales. Prof. Edwards considers the turba not a sub-aqueous deposit, 
as it contains no diatoms, and its enclosed fossils are woo<l, a few leaves, and fibres 
like fine roots. It has yielded from 50 to 100 gallons of oil per ton on distillation. 

The Rev. Mr. Clarke of Sydney, N. S. W. (‘ journ. Geol. Society,’ vol. xxii. p. 447), 
speaks of the Bournda deposit near Capo How'e being probably of recent origin. Like 
the Brazilian deposit just described, this also consists of a series of clays and blackish 
mud, alternating with lignite. It, too, has been formed in a lake near the sea-beach. 
A white waxy substance like bog butter was found to the north of this last-described 
deposit some years ago. It yielded on distillation 8*6 per cent, of crude oil, whi^ 
again yielded on subsequent distillations 35 per cent, of burning oil, lubricating oil, 
and paraffin. 

Large deposits of petroleum and its associated minerals have been discovered along 
the course of the chalk of North Germany, at its junctions with the sands which cap 
it. Indications have been seen near Hamburg, Hesse-Darmstadt,^ Ruttsdam, and 
other places. On the banks of the Rhine a bed of Albertite is being worked for 
oil-making; it is said to yield 120 gallons to the ton in laborato^ exmrimenta. 
Principal Dawson now relegates Albertite from the class of gas-coals into that of the 
petroleums. (See ‘ Acadia,* 2nd ed.) See also Albeetiot. 

Springs of mineral oil, or liquid petroleum, are found in almost all lo^lities where 
bitumen or asphalt exists in quantity in the rocks ; many of these localities have been 
known from time immemorial : such as, for instance, the Rangoon wells, and those of 
Vol, III. N N 
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Pq f i is and the Oai]|^azi Sea. It is only within the last few years, however, that the 
laigeat souteaof stipjdy in Ihe north-eastern states of America and Capada have 
be^ derekmed, akh^h the existence of petroleum in Pennsylvania (where it 
was eoBeeted and sold by the Seneca Indians, under the name of Seneca oil) has 
been known for a very long period. Many different bituminous formations are 
known at different horizons in the palasozoic rocks of America ; in the Silurian series 
traces of the former existence of bitumen are afforded by the occurrence of shining 
anthracitic substances in cracks and fissures in the Quebec group, and its equivalent, 
the Oaleiferons sand-rock, at several localities in Eastern Canada and the State of New 
York. In the Trenton limestone, liquid petroleum is found in the chambers of the 
larger orthoceratites, some of these fossils containing at times several ounces of oil ; 
and a i^ng yielding small quantities rises from the Utica slate on Great Mani- 
toulin Island, on Lake Huron. A more important but as yet scarcely developed 
locality, probably at the top of the Silurian scries, is in the peninsula of Gasp6, in 
the easternmost part of Canada. It is, however, from the Devonian rocks that the 
greatest quantities of petroleum are derived in America. At Oil Springs and Ennis- 
killen, near Sarnia, Canada West, natural oil-springs occur upon the outcrop of the 
Comiferous limestone, or the overlying Hamilton shale, along the line of a broad 
and low anticlinal traversing the district in a nearly oast-and-west line, both forma- 
tions being generally covered by from forty to sixty feet of drift and alluvial clays 
and sands. At the Wyoming Company’s wells, the overflow of the natural springs, 
rising through the superficial beds, have produced deposits of hardened and slightly 
elastic bitumen or asphalt, which are locally known as ‘ gum-bods.’ They are some- 
what irregular in thickness, varying from a few inches to two feet, and cover an area 
of about two acres. According to Delesse, this substance fuses at 180® Fahr. and con- 
tains 62^ per cent, of bitumen, soluble in benzole ; 24-8 per cent, of organic matter, 
the remains of plants which have grown upon tlie present surface, and have become 
imbedded in the ‘gum’; and 12*7 per cent, of clay and sand. The occurrence of 
these beds is instructive, as showing how bituminous rocks may be formed by the 
gradual drying-up and oxidation of liquid petroleum. When wells are sunk in the 
overlying ^ys and sands, there is usually found, at the junction with the shales, a 
bed of coarse gravel holding large quantities of oil of a treacly consistency and dark 
colour. This is the oil of the surface-wells, so called from their being situated 
entirely in superficial deposits, as distinguished from the rock-wells, which are bored 
into the Hamilton shales and Corniferous limestone strata below. It has a very 
offensive smell, but is actually of greater value than the more limpid product of the 
rock-wells, being sold without any farther preparation as a lubricating medium for 
the axles of railway -carriages. The rock-wells are of two characters, namely, 

‘ pumping ’ and ‘ flowing : ’ the former being mostly intermittent in their discharge, 
and requiring the aid of machinery to bring their contents to the surface, while in 
the latter the cil rises, like water in a true artesian well, above the level of the 
surface ; the free discharge being, however, due not to hydrostatic pressure so much 
as to the elastic force of light carburetted hydrogen gas, which is almost always 
present in oil-wells. Unlike wells sunk for water, the gathering-ground of an oil- 
well is extremely^ local, being probably confined to a lenticular belt of porous rock in 
its immediate neighbourhood ; and when this is exhausted, the supply fails : and unless 
the hole be bored deeper, on the chance of striking another vein in depth, it is 
abandoned fbr a fresh locality. The first great flowing-well at Enuisldllon yielded 
1,500 barrels when first struck, the greater part of which, for want of sufficient col- 
lecting vats, overflowed into the valley of the neighbouring brook, and was lost ; but 
in a £ort time it was exhausted. The best wells in this locality, in July 1 865, yielded 
about 100 barrels, or 4,000 ^Uons each, daily ; but only five were in this category, the 
gUeatet number not exceeding 10 or 20 barrels. The "Wyoming Company’s wells, 

0 in number, sunk on the gum-beds, yielded from 5 to 6 barrels each, per day, at 
the san^ period. It was computed that the working expenses of a well, pumped by 
111 |i[i, .IBiJiitMP erf could be covered by a yield of a single l^rel daily. The conditions 
iiiMHiUh petroleum occurs in Pennsylvania, are somewhat similar to those 
iiln|qPi in Canada, but on a somewhat higher geological horizon ; the chief oil- 
^meks being the sandstones, limestones, and slates, overlying the Hamilton 
Oeheeee gxonps. The deepest wells in Oil Creek, the principal Pennsylvanian 
snppbced to be in the Portage, while the shallower ones are in the 
I ^ Ohtalnfig group, both members of the Upper Devonian series. At the commence- 
" ment of the year 1866, in the district of Oil Creek, Pennsylvania, 480 wells were 
already teldt, and 542 more were in progress of sinking, within an area of 5 square 
mffei. Of these, 189 produced oil, the total estimated yield being 4,000 barrels, or 
169, bdd ga]l<ms daily. Some of the eiSSiar wells, sunk in the year 1861, at first 
yielded from 600 to 3,000 and 4,000 barrels eadt, daily, but in no instance have these 
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great yields been kept up for more than a few months : the maximum yield at th# 
date alluded to appears to have been about 325 barrels. The MacKinloy well, in 
the same locality, is noticeable on account of its uniformity of yield, amounting to 
between 50 and 60 barrels per diem, which production lias been steadily maintained 
without pumping for nearly 3 years. 

The uppermost Devonian or Catskill group has as yet given rise to no wells of 
any importance. The subcarboniferous or mountain limestone, and the lower car- 
boniferous rocks of the United States are devoid of petroleum ; but in England, traces 
of tlie presence of bitumen are found in the mountain limestone in Shropshire, at 
CasMeton in Derbyshire, and at Staunton Harold in Leicestershire. In the lower ooal- 
measures, oil-wells are found in Ohio and Virginia, and also in the upper coal-measures 
at Marietta, in the former state. A. spring of actual petroleum was discovered some 
years ego in the coal-measures at Alfreton in Derbyshire ; and while the supply 
lasted, it was employed in the manufacture of paraffin and lubricating oils. 

In the secondary rocks, solid and liquid bitumen occur at many different points, 
but not in the extraordinary quantities that characterise the palaeozoic rocks of 
America ; among other localities may bo mentioned Deestadt and Sickle, in Bruns- 
wick, wljero it occurs in the lias shales ; and E<limissen and Odensee, in Hanover, 
where springs of petroleum rise from the niidcllo beds of the Wealden series, which 
arc also coal-bearing. In England, the lias jet-rock of Whitby, and the Kimmeridge 
shale of Dorsetshire, are examples of bituminous rocks belonging to the secondary 
period. The petroleum of California is derived from rocks of cretaceous, or perhaps 
tertiary age. 

One of the most interesting of the tertiary petroleum districts is that of Galicia, 
on the northern slope of the Carpathians. Tlii.s, according to Von Hochstetter, ex- 
tends N.W. — S.E. for about 200 miles, along a line of fractures parallel to the main 
chain of mountains, through which fractures petroleum rises on account of the 
gaseous pressure below, and saturates the ovt-rlying brecciated rocks and sandstones, 
which are of eocene age. The wells actually sunk are square shafts, which often 
pass through a peculiar breccia of fragments of bituminous shale, angular pieces of 
asphalt, quartz grains, and flakes of micii, cemented by calc-spar. The rock generally 
is a sandy shale. In one of these wells, at *2 fathoms deep, tlio cracks of the rock 
were found to be filled with a white bitumen like Hatclie.ttine, and in the third fathom 
petroleum appeared in drops, w’hich filtered through the walls, and collected at the 
bottom of the shaft. The oil is so full of pamffin, that it is only when a certair 
quantity of water issues with it out of the ro(*k. that any q\iantity is collected. 
»Samples collected from five different loealitiee varied in specific gravity from 0’803 
to 0*920, the latter being surface-oils collected from a pool of water. The lighter 
varieties contain so much paraffin as to solidify at a temperature of 50° F. The 
relation between the West Galician oil, rising from eocene rocks, to that of Etistern 
Galicia, which is obtained from miocono strata, is similar to that existing between 
the Pennsylvanian and Canadian oils — the latter in either case being dark in colour, 
and less fluid than the former. The Wallachian oil is also dark coloured, and is 
associated with ozokerite or paraffin, in a similar manner to that of Galicia. Another 
nnd better-known deposit of petroleum in tertiary stnita is that in the Island of 
Trinidad, which has been described at considerable length by Mr. G. P. Wall, in 
his ‘ Deport on the Geology of Trinidad.’ 

The methods employed in America for boring oil-wells are usually of a very simple 
character, and do not difier very much from those used in this country for trial- 
borings in the coal-measures. As a rule, a rope is used for suspending the boring- 
bar, instead of rigid rods ; the lower parts of the arrangement, known ns the augur- 
bar and sinker-bar, weigh from 7 to 9 cwts., and are united by a simple gliding 
piece, called the ‘jars,’ which is, in fact, an application of the free-falling cutter used 
in deep borings in Europe. The detritus is removed by the shell- or sand-pump, in 
the ordinary way. A modification of Fauvelle’s system, having hollow r^s with 
a continuous discharge of the detritus, was at one time in use at Oil Spring, 
Canada West. The boring-bit has a hollow stem, the cutting edges being formed by 
throe stout radiating pieces of steel. In the angle formed by these pieces, and their 
junction with the stem-brass, valves are inserted which allow the detritus to entn 
the rod through which it rises, and is discharged in jets nt every fall of the cutter. 
The lilting of the borer is effected by toothed levers, similar to those of a safety-catch 
used in collieries, which fall together by their own weight, and take hold of the rod 
at the end of the stroke ; and are released by tappets attached to the borin^irame or 
derrick, striking against their outer ends when the rod is at the top of its itroke. 
The boring is usually performed by steam-power, the upper end of the rope being 
secured to the outer arm of a vibrating or ‘ walking ’ beam, receiving motion 

NN 2 
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3 B 6 A 110 of a stzajp and jmlleT from a small steam-eagino of about 1 or 2 horse-power. 
Wh^ the boring is finish^, the same arrangement is used to work the oil-pump. 
Mie use of the intermec^te beam and driving-bolt allows the boiler, whicli is 
nsoally of the common agricultural or portable form, to be kept at a safe distance 
from the stream of inflammable gas, accompanying the oil and water brought up. 
The mixed fluid lifted by the pump is received in large open vats, in which tlio 
separation takes place ; the water being allowed to run olf by a waste-pipe boW, 
wlme the oil accumulates until a Sufficient quantity has been collected for barrelling. 
The atandard measure for petroleum is the barrel of 40 American or old wine-gallons, 
equid in weight to about 3 cwts. 

From what has already been stated, it will be easily understood that petroleum 
varies considerably in composition and density, according to whether it be derived 
from shallow or deep wells, the former gi^^ng the darkest and heaviest products. 
The following are some of the chief properties of different American oils, according 
to Gesner : — Pennsylvanian petroleum is dark coloured, with a peculiar greenish 
lustre or fluorescence ; by reflected light, the specific gravity varies from 0*782 to 
0*820. When refined, the distillate yields from 7*') to 85 per cent, of illuminating oil, 
giving off inflammable vapours at a temperature of from 110° to 116° P. The hea vy 
oils produced in the distillation yield paraffin, or may bo used for lubricating. The 
specific gravity of heavy natural or lubricating oil from Pennsylvania, is from 0*800 
to 0*860. 

Oil from Mecca, Ohio, which remains fluid at very low temperatures, has the 
specific gravity 0*890 to 0*910. Tlie Canadian or Enniskillen petroleum is dark 
coloured, and has a peculiar and very offensive smell, but yields a larger quantity of 
burning oils than the Pennsylvanian ; its specific gravity is from 0*860 to 0*880 ; that 
of the rectified buming-oil is 0*8?>8. A sample of Californian petroleum, of the 
specific gravity 0*927, yielded the following products when refined : — 

Illuminating oil , 38 per cent. 

Lubricating oil . . • « , • • 48 „ „ 

Pitch 10 „ 

Water 4 „ „ 


Another sample from California lost from 10 to 15 degrees by volume, yielding, on 
rectification : — 


Light oils 
Burning oil 


Per cent. 
► 5 

. 50 


Light machine-oil 


20 


Heavy oil and paraffin 


. 25 


Tile bitumen of the gum-bed of Enniskillen yields 60 per cent, of volatile products 
by distillation ; and the Eangoon tar contains about 10 or 11 per cent, of paraffin. 

The refining of petroleum has already been noticed under Naphtha. The following 
is a ^tch of the operation as performed at a small refinery at Oil Springs, Canada 
West. The crude oil, purchased from the proprietors of the -^'ells, is stored in large 
underground tanks. For refining, wrought-iron stills are employed, having a capacity 
of 40 barrels, or 1,600 gallons ; they are flat-bottomed, and are provided with man- 
holes, through which the black pitchy residue is removed. When the charge is intro- 
duced the still is closed, and the distillation is effected b}” a fire placed beneath. The 
charge takes about a week to work off ; the distillate is collected in large wooden tubs, 
a ami^ quantity of a thick greenish substance separating from it, which is returned 
to the etill. The pitchy residue in the still is not subjected to any further treatment, 
but forms part of the fuel used in the next distillation. The liquid collected is mixed 
with from 6 to 10 per cent, of sulphuric acid, and agitated by rotatory paddles at a 
8team*heat, for the purpose of bleaching it. After this is done, the bleached oil is 
w^ad with water, the last faint traces of acid are neutralised with caustic potash, and 
it is fliudly deodorised with ammonia. When freshly prepw*ed, the refined oil is without 
4X)loiir or smell ; and when seen in large quantity, exhibits the extraordinary blue^ or 
fluorescent rays of Professor Stokes in a striking manner. The loss in distillation is 
about 80 cent. ; the refined oil is packed in 40-gallon barrels made of oak, which, 
before they axe used, are lined -with an elastic cement resembling vulcanised india- 
rubber, the principal ingredients of which are glue and white lead, in order to prevent 
leakage Huoi^h tne joints of the staves. 

The ftgantic dimensions of the American petroleum trade may beet be represented 
by the flawing statistics given in evidence, before a Select Committee of the House of 
licueds, in 1872 
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Ex])oHsfrom the United States during the years 1870 and 1871, to I/)ndo)i and several 
Continental ports^ in gallons. 



1870 

1871 

liOndon ••••■* 

2,047,118 

1,457,628 

Bremen 

10,162,399 

12,356,672 

Hamburg 

4,456,226 

5,780,459 

Rotterdam i 

5,306,299 

6,987,302 

Konigsberg and Stettin 

2,665,677 

5,600,978 

Copenhagen 

894,422 

2,967,345 1 

Genoa and Leghorn .... 

2,516,926 

' 3,109,142 1 


The petroleum Exports of the United States for 1872 were as follow : — 

During the year there had been exported 170,385,869 gallons ; the most of it 
going to German ports. This, compared with 1871, is a decrease of over 5,000,000 of 
gallons ; this decrease in a trade -which naturally ought to increase being accounted 
fur by the strenuous efforts which have been made to control the trad© and prices by 
decreasing production at the wells. These efforts still continue, though they are 
looked upon as unsuccessful. The bulk of the export is made from New York and 
Philadelphia ; the former having sent out 90,000,000, and tho latter nearly 57,000,000 
gallons during the year, leaving but 3 per cent, of the export for other ports. Phila- 
delphia, compared -with 1871, increased her export nearly 750,000 gallons ; while that 
of New York was reduced nearly 5,000,000 of gallons. Owing to certain trade ad- 
vantages in favour of Philadelphia, her export gradually increases at the expense of 
other ports. Year by year a larger portion of tho petroleum shipped is refined oil ; 
nearly 128,000,000 out of the 150,000,000 gallons sent in 1872 having been refined oil. 

Total exports from United States to all parts of the -svorld during tho years — 

Cliillons 

1868 97,013,817 

1869. ....... 100,780,158 

1870 139,271,450 

1871 154,877,377 

The high prices of petroleum in Europe when first used as an illuminant, stimulated 
production to an extraordinary extent. This was also aided by the cheapness of 
manufacture ; pumping, purification, and cooperage being very easy items. When 
Young’s burning-oil sold retail at 3&'. 6d. per gallon, and when Is. 6d. was the lowest 
quotation looked on as possible, it was seriously doubted that the Americans could 
compete with British oil-makers at the lower figure. But several years’ experience 
has shown how petroleum can be profitably exported at a price in Europe below this. 
In fact, tho safest petroleum is now sold so low as to allow the working-man a light 
superior to gas at Id. a night. Our statistics show how decrease in price has only 
stimulated activity in production. Notwithstanding the lull at tho commencement of 
last season’s trade, caused by a temporary combination amongst the well-owners, it 
heads the yield of all previous years. Though really coextensive with the area of the 
North American continent, petroleum is chiefly got in Pennsylvania, West Virginia, 
and Ohio, in the United States; as also in Western Canada. Its proximity to 
immense metallic deposits in many localities encourages the hope of its speedy; use in 
metallurgy. Less than half of the crude material can bo safely sold for lamps, but 
it would admirably answer this purpose. (See Naphtha, Native.) Most of tho 
refined material reaching Europe is obtained in county Venango in jPennsylvania, in 
tho neighbourhood of Oil City, Titusville, Petroleum, Cherry Kun, &c. There are 
now few or no flowing wells in the oil regions ; but, owing to various circumstances, 
the oil-well owner can compete very favourably with the British mineral-oil maker. 
British crude shale-oil, in the most favourable circumstances, was manufactured at a 
prime cost of 3^d. per gallon ; now (1873) it costs nearly double. Pumping an oil- 
well should not cost more than ^d, per gallon. The bore-holes which are made 
through the heavy honeycombed structure of the sandstones of Oil Creek, U.S., are 
from 3 to 4 inches in diameter, and frequently 500 or 600 feet deep, sometimes 800 
feet deep. From many years* experience, the cost of sinking a bore-hole nearly 900 
feet deep, and preparing everything to pump up the petroleum, is 4,000 to 5,000 
dollars. Now in 1869 some of the best-yielding bore-holes gave much more than 
250 to 300 barrels per day, but at tho close of the year only one of these bore-holes 
continued yielding 200 barrels a day ; whilst thirty were giving from 60 to 100 
barrels per day. Assuming the Titusville standard of 43 gallons per barrel, it vould 
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eoit 7«000/. sterling to fit up a slialo-work giving the lowest yield ; and the profits 
would be fractional compArea with those of the oil-well. This competition has driven 
the crude-oil trade of Britain into the hands of large capitalists. But the oil-maker 
calculates on the gross profits of a largo turn-over, and on his advantage over his 
Pennsylvanian competitor in having sulphate of ammonia, paraffin, and other ore- 
products. The enormous quantity of used petroleum-barrels in the British market is 
also a great source of profit. . 

As re^iards the origin of petrolmim and analogous bituminous substances, there can 
be but litUe doubt that they are derived from the decomposition of organic matter 
in the ro^ containing them. The changes forming part of the great series whereby 
organised staructures, containing carbon, oxygen, and hydrogen, become altered into 
peat, lignite, coal, anthracite, and graphite, are too well known to be dwelt upon here 
at length ; suffice it to say, that they consist in the abstraction of variable quantities 
of carbonic acid, water, and marsh-gas (C*H^). From the results of obser\"ations of 
the Geological Survey of Canada, Sr. Sterry Hunt, Mr. Wall, and others, it would 
appear that the separation of the.se hydrocarbons is the first stage of carbonaceous 
metamorphism, and that such subshinces when under favourable conditions — that 
is, when kept from the access of air, as in the cavities of limestones, or in sand- 
stones or shales covered by impermeable beds— may be preserved intact ; but when 
they are allowed to come to the surface (as, for in.staneo, in rising through cracks 
and superficial ppravels) oxidation takes place, the greater part of the hydrogen is 
removed, and ultimately asphalt and coaly sui).stances ai’o produced. That much of 
the petroleum of tlio older rocks may be derived from the decomposition of animal 
matter is evident by its presence in considerable amount in the cells of coral, in 
Corniferous limestone, which contains exclusively marine remains, and is not per- 
meable to liquids from without. In peat and brown coal there is no difficulty in 
supposing that the decomposition of the plants has given rise to the various paraffin- 
like and other solid hydrocarbons which it contains. One particular class of these 
substances — namely, the resins, such as amber, retinite, &e. — may have existed in 
the tissues of the plants during their life, as they may all bo paralleled with the 
gum-resins of living conifers. Perhaps the most remarkable among these bitu- 
mens is that called Scheercritc, found in the brown coals of Uznach in Switzerland, 
and -Eger in Bohemia ; which, while resembling Hatchettine, lias the composition 
of marBh-gas, showing the same relation to it that paraffin does to olefiant gas. 

Another fact in support of the animal origin of some bitumens is that furnished by 
the bituminous : odour evolved by nearly all very fossiliferous limestones, as, for in- 
stance,' the Upper Silurian and Carboniferous limestones of England, which certainly 
contain no land-plants. 

Another view, put forward by I)r. Senfl, may be of use in explaining why in certain 
eases coals are produced and in otliors bituminous shales : it is, that the carbonaceous 
substance produced in peat-bogs has the power of absorbing and fixing carburettod 
and sulphuretted hydrogen. Now, supposing in a sea-bed the amount of decomposing 
organic matter, marine plants, molluscs, corals, &c., to be small as compared with the 
accompanying mineral mattxir (c.^irbonate of lime, silica, clay, &e.), the hydrocarbons 
formed would be liable to escape, and remain isolated as petroleum. But, on the 
other hand, in the case of a great forest -growth or j>eat-bog decomposing under water, 
the hydrocarbons separated would be liable to be reabsorbed by the gimt excess of 
reeidual carbon present, and to be condensed, giving rise to bituminous coals. See 
Kafbiva; Pabaffin. 

Petroleum Imjmris in 1873. 



Tuns 

Ynlne 

£ 

Unrtfined^ from the United States of America . 

895 

12,836 


Gallons 

£ 

R^inedt from the United States of America 

16,377,252 

974,755 

,t other countries .... 

58,548 

5,250 

Total • 

16,435,800 

979,005 


Imports in 1874. 

85,630 tuns; value £1,002,641. 

(^of Ibxther information on this subject, consult Sterry Hunt’s paper in ‘American 
itoQumal of ScaenOe,’ vol. xzxv. p. 168 ; 8et\ftf iiber Humtts, Torf^ &c. ; Gesner on 
* Cold 0!1« and Bamnuisherg, MinercU-Chemie.) 
iiU the dd rates of wages and coals, the crude oil yielded a moderate trade-profit in 
iHih pc^xoleum ; but this summer (1873) many British companies have 
4n)ttmerab1y reduced their dividends. And the stability of our home trade will 
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depend on increased economies in fuel, mining, and labour. On the other hand, the 
abundance of petroleum in America, and the ease with which it is obtained, will, 
unless new uses for the material are discovered, keep the trade only luirely lucrative. 

PB-TUir-TSS is the Chinese name for what is thought by geologists to be a 
partially-decomposed granite, used by them in the manuhicture of their porcelain. 
It is analogous to our Cornish china-stone. See China Stone ; Clay. 

PXTWORTK BKAXa&B. A shelly limestone, occurring in the Wealden strata, 
in the neighbourhood of Petworth, in Sussex. See Sussex Mahule. — H. W. B. 

PSWTBR. {Potier d^itain^ Fr.) Pewter is, generally speaking, an alloy of tin 
and lead, with a little antimony or copper, combined in several different pro- 
portions, according to the purposes which the alloy is to serve. The English 
pcwterers distinguish three sorts, which they call plate, trifle, and ley pewter : the 
drst and hardest being used for plates and dishes ; the second for beer-pots ; and the 
third for larger wine measures. The plate pewter has a bright silvery lustre when 
polished; the best is composed of 100 parts of tin, 8 parts of antimony, 2 parts of 
Idsmuth, and 2 of copper. The trifle is said by some to consist of 83 parts of tin, and 
1 7 of antimony ; but it generally contains a good deal of lead. The ley pmter is 
composed of 4 parts of tin and 1 of lead. The English ley pewter contfii ns often much 
more than 20 i)cr cent, of lead. As the tendency of the manufacturer is to put in as 
much of the cheap metal as is compatible with the appearance of his alloy in the 
market, and as an excess of lejid may cause it to act poisonoiisly upon all vinegars 
and many wines, the French Government appointed Fourcroy, Vauquelin, and oUier 
chemists, to ascertain by experiment the proper proportions of a safe pewter alloy. 
Tlieso commissioners found that 18 parts of load might, without danger of affecting 
wines, &c., be alloyed witli 82 parts of tin ; and the French Government in con- 
sequence passed a law, requiring pewterers to use 83 ^ of tin in 100 parts, with a 
tolerance of error amounting to l.\ per cent. This ordonnanco, allowing not more 
than 18 per cent, of lead at a maximum, has been extended to all vessels destined to 
contain alimentary substitnccs. A table of specific gravities was also published, on 
purpose to tost tlie quality of the alloy ; the density of which, at the legal standard, 
is 7*764. Any excess of lead is immediately indicated by an increase in the specific 
gravity above that number. 

Britannia metal, the kind of pewter of which English teapots are made, is an alloy 
of equal parts of brass, tin, antimony, and bismuth ; but the proportions differ in 
different workshops, and in many much more tin is introduced. Queen* 6 metal is 
said to consist of 0 parts of tin, 1 of antimony, 1 of bismuth, and 1 of lead; it serves 
also for teapots and other domestic utensils. 

A much safer and better alloy for these purposes may bo compounded by adding 
to 100 parts of the French pewter, .5 parts of antimony, and 5 of brass to harden it. 
Under Tin, will be found the description of an easy method of analysing its lead alloys. 

Tile pew’terer lashions most of his firticles by existing them in brass moulds, which 
are made both inside and outside in A'arious pieces, nicely fitted together, and locked 
ill their position by ears and catches or pins of various kinds. The moulds must be 
moderately heated before the pewter is poured into them, and their surfaces should 
be brushed evenly over w’ith pounce-powder {sandarack) beaten up with white-of-egg. 
Sometimes a film of oil is preferred. The pieces, after being cast, are turned and 
polished ; and if any part needs soldering, it must be done with a fusible alloy of tin, 
bismuth, and lead. 

It is the practice, however, in the metal works of Birmingham, to raise various 
articles, as tea-pots, milk -jugs, and the like, from the flat into their proper forms, by 
a process called Spinning ; this consists in bringing the sheet of pewter against a 
mpidly-rovolving tool, by which, with a little dexterity on the part of the workman, 
it is gradually fashioned. 

PBAIBrTAS2IEjflLCK>!RXX. The phantasmagoria lanterns are a scientific form of 
magic lantern, differing from it in no essential principle. The images they produce 
are variously exhibited, either on opaque or transparent screens. The light may be 
a kind of solar lamp, but in most cases the oxyhydrogen or lime light is now em- 
ployed. The manner in which the beautiful melting pictures called dissolvii^ views 
are produced, as respects the mechanism employed,, deserves to be explaineo. The 
arrangement adopted in the instrument is the following : — Two lanterns of the same 
size and power, and in all respects exactly agreeing, are arranged together upon a 
little tray or platform. They arc held fast to this stand bj^ screws, which admit of a . 
certain degree of half-revolving motion from side to side, in order to adjust the foci. 
This being done in such a manner that the circle of light of each lantern &ll8 precisely 
upon the siimo spot upon the screen, the screws are tightened to the utmost extent so 
as to remove all possibility of further movement. The dissolving apf^tus cqiudfitB 
of a circular tin plate japanned in black, along three parts of the circumference of 
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which a crescented apertture runs, the interral between the horns of the crescent being 
occupied by a circular opening, covered by a screwed plate, removeable at pleasure. 
Thia ii^te is fixed to a horizontal wooden axis, at the other end of which is a handle, 
by which the plate can be caused to rotate. The axis of wood is supported by two 
pillars connected with a fiat piece which is secured to the tray. This apparatus is 
placed between the lanterns in such a manner that the circular plate is in front of the 
tubes of both, while the handle projects behind the lanterns at the back. The plate 
can, therefore, be turned round by means of the handle, without difficulty, from behind. 
A peg of wo^ is fixed into the axis, so as to prevent its effecting more than half a 
revolution. The widest part of the crescentic opening in the plate is sufficient to 
admit all the rays of the lantern before which it happens to be placed. On the plate 
bei^ slowly turned half round, by means of the handle behind, the opening narrows 
until it is altogether lost in one of the horns of the crescent. The light of that lantern 
is gradually cut off as the aperture diminishes, until it is iit length wholly shaded under 
the moveable cover occupyii^ the interval between the horns of this crescentic open- 
ing. In proportion as the light is cut off from one, it is let on from the other tube, in 
consequence of the gradually-increasing size of the crescent revolving before it, until 
at length the widest part of this opening in the plate is presented before the tube of 
the second lantern, the first being, as we have seen, shaded. This movement being 
reversed, the light is cut off from the second lantern, and again let on from the first, 
and so on alternately. Thus while the screen always presents the same circle of light, 
yet it is derived first from one lantern, then from the next. 

When in use a slider is introduced into each lantern. The lantern before the mouth 
of which the widest part in the opening in the plate is placed, exhibits the painting on 
the screen, the light of the other lantern being then hid behind the cover. On turn- 
ing the handle, this picture gradually becomes shaded, while the light from the secohd 
lantern streams through the widening opening. The effect on the screen is the melt- 
ing away of the first picture, and the brilliant development of the second, the screen 
being at no instant left unoccupied by a picture. 

The principle involved in this apparently complex, but in reality simple mechanism, 
is, merely the obscuration of one picture and the throwing of a second in the same 
place on the screen. And it may be accomplished in a greiit variety of ways. Thus 
by simply placing a flat piece of wood, somewhat like the letter Z, on a point in the 
centre, so that alternately one or tlie other of the pieces at the end should be raised or 
depressed before the lanterns, a dissolving scene is produced. Or, by fixing a more- 
able upright shade, which can be pushed altemately before one or the other of the 
lanterns, the same effect is produced. 

There are many individuals whoso sole occupation consists in painting the minute 
scenes or slides used for the phantfisniagoria lautorns. The })erfection to which these 
paintings are brought is surprising. There are two methods by which the sliders 
now employed are produced. In one of these, the outline and detail are entirely the 
work of the artist’s pencil. For pictures representing landscapes, or wherever a 
spirited painting is required, this is the exclusive method employed. The colours are 
rendered transparent by being ground in Canada balsam and mixed with varnish. 
The other method is a transfer process. The outlines of the subject are engraved on 
copper-plates, and the impression is received from these on thin sheets of glue, and is 
then transferred to a plate of glass, the impression being burnt in the same manner as 
is effected in earthenware. Sliders produced in this way receive the distinctive name 
of copper-plate sliders. The subject is merely represented in outline, it being left to 
the artist to fill up with the necessary tints, &c. The advautiiges of this method for 
the production of paintings of a limited kind are obvious. Photography on glass 
is now very largely employed to obtain pictures for the magic lantern. 

Beechy’s Trinoptric Lantern, which has been long manufactured by Mr. Abrahams 
of Liverpool, is an improvement on the ordinary phantasmagoria. The Bridgman 
Triple Lantern has recently been introduced. 

A silicate of glucina. The Siberian crystals are occasionally 
cut fin* jewdlezy, and resemble rock crystal. 

MaMlonrSf P^idennet or Phenyl Brown. A colounng-matter produced by 
tire action of nitro-sulphnric acid on phenylic alcohol (carbolic acid). Phenicine is au 
amorphous powder of a brown colour. It is sparingly soluble in water, but it dis- 
advBS ijeadily in alcohol, ether, and acetic acid, also in the alkaline solutions,' and in 
l^a-water. The solution in an alkaline fluid is of a fine violet-blue, but it is changed 
to hiowik hy the least excess of add. It appears to be a mixture of two colouring- 
matteni, cue yellow, and the other black. Phenidne dyes silk and wool, like the 
a&iHhs odooM; without the intervention of a mordant. If a piece of silk or wool is 
l^iptdwith phenidne, it acquires a fine garnet-red colour, on immersion in a solution 
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of chromate of copper acidulated with sulphuric acid. Cotton being previously mor- 
danted with tannin or stannate of soda may be dyed with phenidne of a deep purple 
colour, on being immersed in hot chromate of potash. The colour is, however, changed 
by alkalis, and destroyed by soap. See Cabsolic Acid. 

PBBirO&. See Carbolic Acid. 

PKBlfOXi BXiVlI. Under certain circumstances, phenol gives rise to the forma- 
tion of a blue colouring-matter, which is used to a certain extent in dyeing. This 
substance is known in commerce by the name of azulinc. See Carbolic Acid. 

PBOBUCZU M T81f ax. New Zealand flax. From a Beport of the Flax Com- 
mission appointed to examine into the preparation and value of the New Zealand 
flax, we learn that one general method of manufacture is adopted in the colony. This 
method has been thus described : — 

*The gi’ecn leaves are stripped by revolving-rollers with projecting beaters, travelling 
at a high rate of speed, which crush the epidermis against a fixed plate, so set as to 
allow room for the fibre to remain intact. The fibre, thus freed from the leaf of the 
plant, is washed by various methods, put on the ground or on lines to dry and bleach, 
finished by an arm or barrel-scutch, and when baled is ready for the market. No 
material alterations in the manufacturing processes haA'o been made ; but a more 
skilled lalxiur and enlarged experience have improved the general quality of the fibre, 
so that it is more eagerly competed for in the London market as approaching nearer 
the appearance of Manilla hemp, and is, in fact, capable, in the opinion of competent 
judges, of being so prepared as to surpass it. The chief improvement recently intro- 
duced is the wet-scutching, by which the fibre is cleaned and softened, although it hns 
not always been commercially successful ; for, whilst local purchasers were ready to 
give 3^. ])er ton extra for the flax, the loss of fibre, by fomation of an excessive 
amount of tow, and the additional expense of labour, increased the cost from 6/. to 
10/., so that the new process was abandoned. But, notwithstanding this, the Com 
missioners strongly recommend it for further trial. TJio mills are chiefly worked by 
steam-power ; and good streams of water .‘ire also essential for the effectual washing 
of the fibre, which, when carefully prepared and neatly baled, fetches as much as 
from 17?. to 21?. per ton, although the ordinary price is about lo?. The cutting of 
the flax-leaves is an important point. In some fields an established vigorous plant, 
in suitable soil, will yield four good leaves for manufacture every year. The leaves 
are usually of twelve months’ growth, and vary from 3 to 5 feet long. In some parts 
they are greatly injured by a small ‘looper’ caterpillar, about an inch in length, 
which eats quite through the fibre, in patches from i an inch to 2 inches long, and \ 
of an inch broad. This insect comes to its full size, and is most numerous, in the 
month of December. Of the leaves, when cut, tons yield one ton of fibre;. They 
are mostly found after two yoar.s’ gi'owth to have passed their prime and begun to 
decay. The green strippings of the leaf form food for horses.’ 

The phormium fibro is largely used for rope-making. It is s:ud that the New 
Zealand white rope when kept dry, lasts longer and wear.s GO per cent, better than 
tarred rope of this material, and 34 per cent, better than Maiiilla-herap fibre, but 
the effect of W'etting with salt water acts injuriously upon the New Zealand rope, 
whilst the Manilla rope is said to be actually improved by the salting. The breaking- 
strain of Manilla-hcmp rope being taken as 100, that of several varieties of New 
Zealand rope as at present exported varies from 53 to 84, with an average of 91, 
But samples of native-dressed New Zealand fibro ranged from 70 to 122, with an 
average of 91, During the year 1870 there were 161 mills in operation in the colony, 
with an aggregate of 342 stripping machines, employing 1,450 horse-power and 1,766 
persons, and producing 4,467 tons of fibre. From April 1870 to May 1871, 36,008 
bales of fibro wore brought to London, in addition to which 87 were destroyed at sea ; 
1,546 bales of tow wore also pixKluced. The total value of the fibre, reckoning 6 
bales to 1 ton, amounted to 140,606?., tho average price being 23?. 8«. per bale. See 
Fibres; Flax. 

PBOBGSirZTB. Native chloro-carbonato of load. See Lead. 

PB08PBA.TB8* Combinations of phosphoric acid with metallic, earthy, or alka- 
line bases. A few only of these require notice in this work ,* all will be found 
described in Watts’s * Dictionary of Chemistiy.’ 

I*hosphate of Lime, or Acid Phosphate of Lime, is formed when bone-earth is treated 
with sulphuric acid. If bone-earth is digested with this acid for some time, and then 
water added, the clear solution filtered from the insoluble sulphate of lime will on 
evaporation yield crystals of phosphate of lime. Ground bones are frequently em- 
ployed as a manure ; their action depends in part upon the decom^ed gelatine, but 
chiefly on the phosphate of lime, which they contain in the condition of a tribasic- 
phosphate. When, as for turnip-crops, a large supply of phosphoric acid is required, it 
is found advantageous to treat the bones with sulphuric acid, by which the triphosphata 
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is converted into the acid phosphate of lime. The usual practice is to mix bone-dust 
•with one-fourth of its weight of oil of vitriol, adding an equal quantity of water after 
each portion of acid ; the mass is allowed to remain in a heap until quite dry. It is 
then sold as superphosphate^ which is a mixture of the gelatinous portion of the bone 
with the acid phosphate and sulphate of lime. See A patite ; Bonks ; Coprolite. 

Phosphate of Magnesia enters into the composition of the bones of animals. 

Amongst the native phosphates may be enumerated ; — 

Apatite. Phosphate of lime, the composition of which mineral is generally, ]»h(js- 
phoric acid, 42*26 ; lime, 60*00 ; fluorine, 3*77. fc>ec Apatite. 

Wagnerite, Phosphate of magnesia, with fluoride of magnesium. 

Zwiesdite. Phosphate of iron and manganese. »Sec Iron. 

PyroTnorphite. Phosphate of lead. See Lkm>. 

Lazulite. Blue spar. See Lazulite. 

Turquoise. See Turquoise. 

Vivianite. Blue iron earth or piiosphatc of iron. Si e 1 uo.n. 

Lihethenite. Phosphate of cup])er. 8(;e CopPEif. 

Ehlite. A hydrous phospliate of copjxu*. 

Wavellite. Sub-phospliaUj of alumina. 

Child, rciiitc, consists of pliosphoric acid, 27 M; iilnniina, 14 j ; ol' iron,. 

31*3 ; protoxitc of manganese, 8*0 ; water, 17*(>. 

Phosphochalcite. Hydrous phosphate of copper. 

D'ufrciiiir. Green iron ore. Phosphoric acid. 28*0 ; peroxide of iron, do 1 ; water, 8*0. 

Uranite. Two varieties of this mineral are recognised : tlie one is a copj/cr-immifr, 
known ns 'Torhncritc, and consisting oi‘ a phosphate- of uranium and co]q)er ; tiie other 
is a iime-uranite, known us AuUmitc, and composed of p]ios}>h.ite of iiraniuni and lime. 

Cryptolite. Phosphate of cerium. 

Xenotwie. Phosphate of yttria. 

There are some other combinations which it is unncccssaiT to tlescribe. 

PKOBPBATZC irOB1Tl.SS. (kmcretions and nodules of pliosphate of lime, 
which occur in layers chiefly in the Gault and Upper Grecmsaiid, and also in the 
Crag. They are now much used for artiticial manure. See Cotroi-itv-s. 

VROBVKOB-BROKXB. Although the cond.>iiiaiioi\ c)f ])hosphoius with I’opper, 
tin, zinc, and other alloys, dates a. good way back, it is but yest-i'i’dav since anytliing 
like a careful and skilful investigation of the physical pro])erties of these eombi nations 
was undertaken. 

The latest and most important of the experimental data, as to thejhysical constants 
of phosphor-bronze which have been obtained are th<‘ Ibllowing; - 

Prussian Ea' 2 )erimeuis . — By order ol‘ the Boyal Prussian Ministry of (k)ninierce ex- 
periments have been made with various soi’ts of phosphor-bronze. Thes(; experiments 
are carried on at the Boyal Academy of Industry at Berlin. The, object of these 
experiments is to ascertain the qualities and capacities of the iinital whilst under 
heavy strain, and especially the conqwirativc resistance to often-repeated strains, 
whether tensile or inflecting. The first l»arof })hosphor-bronze fixed on the stretching 
machine was tried under a constant strain of 10 tons pm* squan; inch, and resisted 
408,230 pulls of this amount. A bar of ordinary bron/e broke even before the strain 
of 10 tons per square inch had been attained. A second bar of jbosphor-bronze was 
tried under a strain of 12^ tons ]»er square- inch; and under this high strain withstood 
147,860 pulls. Yet more favourable results have been obtained on a machino by which 
the test-bar is repeatedly bent up to 40,000 times per day. A bar of phosphor-bronze 
whilst under 10 tons of strain ])er square inch resisted 862,080 bends, while best gun- 
metal broke after 102,650 bends. Another bar of }»hosphor-brtjnze under 9 tcuis strain 
]>er square inch is being tested, and has at, present resisted 1.260,000 bends. 

Austrian Experimejits. —At the Imperial Austrian Polytechnie Institution in Vienna, 
experiments were executed byProf<;ssor K. Jenney with phosphor-bronze bars, showing 
the following results : — 


Degree of 
elasticity 

Kesistaucc at ix)iiit of ela^^ticity 

1 

Ilc.-iKtiinee at i)oint of riii>ture 

0876 

13*74 kilos, per sq. millimeter 
or 

10,867 lbs. per square inch 

40*40 kilos, per sq. niillimclor 
or 

58,383 lbs. per square inch 


In the Imperial Arsenal at Vienna, experiments were made by Colonel Uclmtiuei 
living the following results : — 
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Alisolutc resistance 

Point of elasticity 

Stretch in 
l»ercentuge 



8,800 kilos, per sq. c. m. 
or 

54,915 lbs. per sq. inch 

per cent. 

Ifiiosphor- 
bronze [ 

5,000 kilos, per sq. c. m. 
or 

81,795 lbs. per sq. inch 

10 

Krupp’s cast d 

5,000 kilos, per sq. c. m. 

1 ,000 kilos, per sq. c. m. 


steel as used 

or 

[ or 

1 ii-o 

for guns J 

72,258 lbs. per sq. inch 

' 14,450 lbs, per sq. inch 

1 

Ordnance | } 

2,200 kilos, per .sq, c. m. i 

385 kilos, per sq. c. m. 

i 15*0 

bronze |’ | 

J 

or I 

or 

o 1,79 2 lbs. per sq. inch | 

5,562 lbs. per sq. inch 

1 1 
' 1 


Exporinieiits on the cjipjieity of phosphor-bronze to resist the oxithition of sea-wnter : 
I>est Jilnglish copper-sheets lost during six months iniinersion in sea-water VrOoH 
per cent. Phosplior-bronze sheets lost only l'lo8 per cent. 

To these may be subjoined the following results obtiiined by Messrs. Monteliore : — 

Bvlijian Expcrmmit , — ^Ordinary bronze always contains a larger or smaller amount 
of oxide in suspension. This has been contested by various authorities, as it was net 
possible to prove the presence of oxide of tin in the bronze by analysis, the oxide 
not be ing reduced by h 3 "drogen at the temperatures wdiicli can bo produced in labora- 
tories, 

Ily a longer series of experiments Messrs. Mont(dlore and Ki'mtzel have now defi- 
nitely proved the presence of o.xide of tin and sub-oxide of copper. The presence of 
oxide greatly lessens the teuacitj', ela.sticity% and tensile strength of the bronze. 
Various experiments were made in this direction. They moiled shavings of old 
bronze and cast a bar thereof at 1,525® Cent. The remaining liqiiiil bronze was 
stirred with a wooden stick (poled) and a second bar east at l.GfiS® Cent. TIio re- 
nuuiiiug metal was deoxidised with phosphorus and a bar then cast at 1,014®. Then 
three castings were thus made out of the same crucible and in the same manner into 
three iron moulds. The results w'ere as follow ; — 


Nature ol the bronze 

Absolute 

resistance 

Elastic 1 

resistance ; 

1 

Ij(!ngtlu;ninvr 
until rupture 

Diminution 

1 of section 

Old bronze . 

1 

1 } 0 i 3 

1200 1 

per emit. 

! percent. 1 

! 3*2 

,, ]X)led . 

,, deoxidised 

i 1 7 55 

1244 

2-8 

1 

,, with phosphorus 

2384 

1350 

0-8 

; i 

1 


Thus 1)3' the entire reduction the old bronze has tripleilits IciiaeitN' and considerably 
augmented its absolute resistance. 

Messrs. Alex. Pick and Co. liave v»‘ry reccntlv’ established at Blackfriars Jload 
London, a. special foundiy for phosphor-bronze casting, and liavu also made arrange- 
ments in Eirmiugham for the production of sheets, wire, 

The Table on p. 550 sliows the results of Experiments to ascertain the Tensile 
Strength and the Kesistanco to Tovsion of various Wires receiveil from A. Dick, Ksij,, 
and made l>y Mr. David Kircald}', of the testiiigaud experimenbil w’orks in Soiitliwai k. 

PBOSPBORZe BCZD exists abundantly in the mineral kingdom : it is foiin-l in 
several of the igneous rocks, in combination ehietly with linn*. In tin* vegt table king- 
dom, it is discovered in the ashes of many plants, and it forjns a large and ini]>ortant 
portion of the animal kingdom. Aiihpdroiis phosphoric acid, is t he acid formed by the 
vivid combustion of phosphorus. Moiiabasic or aulaphosphoric arid, commonly 
known as glacial phosphoric acid, is now much emploj’cd in England, tliough lor some 
time it did not attract the attention which it tleserves in the arts and iiia nutactiires oi 
this countiy. For many of the wmiits of the dyer, the calico-printer, the enameller, 
and even in the purification of some oils and fat, the glacial pliosphoric acid has much 
to recommend it over any of the common acids at present in use. Nor need its price 
prove an obstacle to its introduction as a practical agent. Tinely ground bone-ash, 
digested w'ith a duo proportion of oxalic acid and water, readily 3 delds a solution of 
phosjjlioric acid, which requires only to be evaporated in a proper vessel to furnish at 
once this useful article. (Urc.) Unlike sulphuric and other strong acids, it is not 
decomposed by organic matter ; and might hence be emijloycd with great iidvantage 
in the precipilation of carmine and other delicate vegetable colours, as well as for 



S56 


PHOSPHOR-BEONZE 




PHOSPHORUS 


557 


more general purposes. Some experiments have also shown that, combined with 
alumina and a little boracic acid, it is capable of producing a glaze for earthenware 
of extreme beauty and durability, in addition to its perfectly innocuous character and 
power of improving the colours imparted by most metallic oxides when applied to 
earthenware. 

Another method of forming this monobasic acid is the following: one part, of phos- 
phorus is cut into small pieces, and introduced into a retort connected with a receiver, 
and containing thirteen parts of nitric acid, sp. gr. 1*2. The retort is moderately heated 
on a sand-bath, and the nitric acid which distils over returned to it from time to time 
until the phospliorus has disappeared. The greater part of the nitric acid is then 
distilled off, and the residual liquor evaporated so long as any water is evolved upon 
cooling : the phosphoric acid is a colourless glass, which dissolves slowly in water. 

PK08PH01LZTS. Concretionary and massive apatite. See Apatite. 

PBOSPBORirS. (The following detailed description of the manufacture of 
phosphorus is hifl in Dr. lire’s own words, it being a good example of his descriptive 
powers when applied tx) scientific manufactures.) This interesting simple combustible 
being an object of extensive consumption, and therefore of a considerable chemical 
manufacture, I shall describe the requisite manipulations for preparing it at some 
detail. Put 1 cwt. of finely -ground bono-ash, such as is used by the assayers, into a 
stout tub, and lot one person work it into a thin pap with twice its weight of water, 
and let him continue to stir it constantly with a w'ooden bar, while another person 
pours into it, in a uniform but very slender stream, 78 lbs. of concentrated sulphuric 
acid. 

The heat tlius excited in the dilution of the acid, and in its reaction upon the cal- 
careous base, is favourable to the decomposition of the bone phosphate. Should tlio 
resulting sulphate of lime become lumpy, it must bo reduced into a uniform paste, by 
the addition of a little water from time to time. This mixture must be made out of 
doors, as under an open shed, on account of the carbonic acid and other offensive gases 
which are extricated. At the end of 24 hours the pap may be thinned with water, and 
if convenient, heated, with careful stirring, to complete the chemical change, in a square 
pan made of shoot-lead, simply folded up at the sides. Whenever the paste has lost 
its granular character, it is ready for transfer into a series of tall casks, to bo further 
diluted and settled, wherel)y the clear superphosphate of lime may be run off by a 
syphon from the deposit of gypsum. More water must tlien be mixed with the pre- 
cipitate, after subsidence of which the supernatant liquor is again to bo drawn off. 
The skilful operator employs the weak acid from one cask to wash the deposit in 
another, and thereby saves fuel and evaporation. 

Tlio collected liquors l^eiiig put into a leaden, or preferably a copper pan, of proper 
dimensions, are to be concentrated by steady ebullition, till the calcareous deposit 
becomes considerable ; after the whole has been allowed to cool, the clear liquor is to bo 
run off, the sediment removed, and tlirown on a filter. The evaporation of the clear 
liquor is to bt; urged till it ju-quiros the consistence of honey. Being now weighed, it 
should amount to 37 pounds. One fourth of its weight of charcoal in fine powder, 
that is, about 1) pounds, is thou to be incorporated with it, and the mixture is to ho 
evaporated to dryness in a cast-iron pot. A good deal of sulphurous acid is disen- 
gaged along with the steam at first, from the reaction of tho sulphuric acid upon the 
charcoal, and afterwards some sulphuretted hydrogen. When the mixture has be 
come perfectly dry, as shown by the redness of the bottom of tho pot, it is to bo allowed 
to cool, and packed tiglit into stoneware jars, fitted with close covers, till it is to be 
subjected to distillation. Bor this purpose, earthen retorts of the be.st quality, and 
free from air-holes, must be taken, and evenly luted over the surface with a compost 
of fire-clay and horse-dung. WJien the coating is dry and sound, the retort is to Ijo 
two-thirds filled with the powder, and placed upon proper supports in tlio hihor:itory 
of an air furnace, having its fire placed not immediately beneath the retort, but to one 
side, after the plan of a reverbatory ; whereby tho flame may play uniformly round 
the retort, and the fuel may be supplied as it is wanted, without admitting cold air to 
endanger its cracking. Tho gallery-furnace of the Palatinate (see Mehcuby) will 
show how several retorts may bo operated upon together, with one fire. 

To the beak of tho retort, properly inclined, the one end of a bent copper-tube is to 
be tightly luted, while tlie other end is plunged not more than one quarter of an inch 
beneath tlie surface of water contained in a small copper or tin trough placed beneathi 
close to the side of the furnace, or in a wide-mouthed bottle. It is of advantage to let 
the water be somewhat warm, in oKler to prevent the concretion of the phosphorus 
in tho copper-tube, and the consequent obstruction of tho passage. Should the beak of 
the retort appt^ar to get filled with solid phosphorus, a Lent rod of iron may be heated 
and passed up the copper-tube, w’itliout removing its end from the water. The heat 
of the furnace should be most slowly raised at first, but afterwards equably mainlined 
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in a state of bright ignition. After 3 or 4 hours of steady firing, carbonic acid and 
enlpharouB acid gases are evcdved in considerable abundance, provided the materials 
had not been well dried in the iron pot ; then sulphuretted hydrogen makes its appear- 
ance, and next phosphuretted hydrogen, which last should continue during the whole 
of the distillation. 

The firing should be regulated by the escape of this remarkable gas, which ought 
to be at the rate of about 2 bubbles per second. If the discharge comes to be inter- 
rupted, it is to be ascribed either to the temperature being too low, or to the retort 
getting cracked; and if upon Kiising the heat sufficiently no bubbles appear, it is a 
proof that the apparatus has beccme defective, and that it is needless to continue the 
operation. In fact, the great nicety in distilling phosphorus lies in the mauagcmont 
of the fire, which must bo incessantly watc-hed, and fed by the successive introduction 
of fuel, consisting of coke with a mixture of dry wood and coal. 

We may infer that the process approaches its conclusion by the increasing slowno.ss 
with which gas is disengaged under a powerful heat; and when it ceases to como 
over, we may cease firing, tiiking care to prevent reflux of water into the retort, from 
condensation of its gaseous contents, by admitting air into it through a recurved glass 
tube or through the lute of the copper adapter. 

The usual period of the operation uj^on the great scale is from 24 to 30 hours. Its 
theory is very obvious. The charcoal at an elevated temperature tlisoxygenates tlie 
phosphoric acid with the production of carbonic acid gas at first, and afterwards cai - 
bonic oxide gas, along with sulphuretted, enrburetted, and phosphuretted hydrogen, 
from the reaction of the water present in the charcoal upon l.lio other ingredients. 

The phosphorus falls down in drops, like melted w'ax, and concretes at the bottom 
of the water in the receiver. It requires to be purified by squeezing in a shamoy 
leather bag, while immei’sed under the surface of warm water, conbiined in an earthen 
pan. Each bag must be firmly tied into a ball form, of the size of the fist, and com- 
pressed under the water heated to 130*^, by a pair of flat wooden pincers, like those 
with which oranges are squeezed. 

The purified phosphorus is moulded for sale into little cylinders, by melting it at the 
bottom of a deep jar filled with water, then plunging the wider end of a slightly tapering 
but straight glass tube into the water, sucking this up to the top of the glas.s, so as l-o 
warm it, next immersing the end in the liquid phosphorus, and sucking it up to any 
desired height. 

The tube being now slmt at bottom by the applicfitioii of the point of the left 
index, may be taken from the mouth and transferred into a pan of cold water to con- 
geal the phosphorus ; ■which then will commonly fall out of itself, if the tul)e be nicely 
tapered, or may at. any rate be pushed out with a stiff wire. Were llie glass tube not 
duly warmed before sucking up the phosphorus, tliis would be apt to congeal at the 
sides before the middle be filled, and thus form hollow cylinders, very troublesome 
and even dangerous to the makers of phosphoric match-bottles. The moulded sticks 
of phosphorus are finally to be cut with scissors under ■w'ater to the rt'Quisite lengths, 
and J)ut up in phials of a proper size; which should be filled uj) ■with -vvater, closed 
with ground stoppers, and kept in a dark place. For carriage to a distance, each 
vial should be WTapped in paper, and fitted into a tin-plate case. 

Phosphorus has a pale yellow colour, is u(iarly trauspirent, brittle- when cold, soft 
and pliable, like wax, at the temperature of 70° F., cryshillising in rhombo-dodecalie- 
drons out of its combination with sulphur, and of specific gravity 1*77. It exhales 
white fumes in the air, which have a garlic smell, appear luminous in the dark, and 
spontaneously condense into liquid phosphorus acid. Phosphorus melts in close vessels, 
at 95° F., into an oily-looking colourless fluid; begins to evaporate at 217*5°, boils at 
554°, and if poured in the liquid state into ice-cold watcir, it becomes bltick, but re- 
sumes its former colour when again melted and slowly cooled. It has an acrid dis- 
agreeable tJiste, and acts deleteriously in the stomach, though it has beoji administereil 
as a medicine by some of the poison-doctors of the present day. Jt takes fire in the 
open air at the temperature of 165°, but at a lower degree if partially oxidised, and 
bums with great vehemence and splendour. 

raOBFROmirSt AMORFROVS. or RBD FKOSFHORVS. If a stick of 
phosphorus be put into an hermetically-closed tube and exposed t-o tlie action of the 
spectrum, one end will become whiie^ and the other red. 1 1 may be i)repared also by 
exposing phosphorus for a long time in an atmosphere quite free of oxygen or moisture, 
to a temperature of 470° F. At this temperature the phosphorus fuses ; it remains for 
some time colourless, and then gradually becomes rod and opaque. Amorphous 
phosphorus was investigated by Rr. Schrotter, of Vienna. Ibe apparatus for making 
It consists of a double iron pan ; the intermediate space between the two conbiins a 
metallic bafli of an alloy of tin and lead; with a cast-iron cover to the inner vessel, 
fitted to the top end by means of a screw, and fastened to the outer vessel by screw- 
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pins. In the interior iron pan a glass vessel is fitted, in which the phosphorus to 
bo operated upon is placed. From this inner vessel a tube passes, and is dipped into 
water to ser\"e as a safety-valve. A spirit lamp is applied under that pipe if necessary, 
to prevent it Ijeing clogged with phosphorus. The phosphorus to be converted is 
first of all melted, and tlien cooled under water, and dried as much as possible. A fire 
is now made under the other vessel, and the temperature raised to such a degree as to 
driA'e off the air, &c. The temperature has to be gradually raised, until bubbles escape 
at the end of the pipe, which take fire as they enter the air, and the heat may soon 
rise in the bath till it bo 470° F. This temperature must bo maintained for a 
certain time to be determined by experience : the apparatus may then be allowed to 
cool. Tlie converted phosphorus is difficult to detach from the glass. It is to bo 
levigated under water, and then drained in a bag. The phosphorus when moist should 
bo spread thinly on separate shallow trays of sheet iron or lead, so placed alongside 
each other as to receive the heat of steam, and lastly, of chloride of calcium, or of 
sand, till tho phosphorus, having been frequently stirred, shows uo more lumiuous 
vapour. Tho operator should have water at hand to quench a,nj" fire that might 
arise. It is then to be washed till the water shows no trace of acid. Should tho result- 
ing phosphorus contain some of the unconverted article, this may be removed by 
bisulphide of carbon. Thus, heat .alone effects the transmutation. It is identical in 
composition with ordinary phosphorus, and m.'iy bo reconverted into it without loss 
of weight, and that merely by change of temperature. This substance remains un- 
altered in the atmosphere, is insoluble in bisulphide of carbon, in alcohol, ether, and 
naphtha. It requires a heat of 260° Cent, to restore it to tho ordinary state, and it 
is only at that heat that it Ijogins to take fire in the open air. It is not luminous 
in the dark at any ordinary temperature. AVhen piTfectly dry, amorphous phos- 
phorus is a scarlet or carmine powder, which becomes darker when heated. On tho 
large scale it is prepared in dark masses of a red or dark brown colour. The great 
advantages of this singular condition of phosphorus are. that it does not appear to 
affect those persons who are employed in the maunfactnro of lucifer-iuatehes with the 
loathsome disease which the use of tho ordinary phosphorus produces. See Ltc’U'mu- 
Matchks. 

PHOSPBORirS ]lfA.TCBi:s. See Lvciff.r-Matchks. 

PBOSPBO&trS PASTS, for the Beatrneium of Uafs and Mice. The Prussian 
Government issued an ordonnanco on April 27, 1843, directing the following com- 
Ijosition to be substituted f(m arsenic, for destroying rats and mice; enjoining the 
authorities of tho different provinces to conimiinieatc, at the expiration of a year, 
the results of tho trials made with it, with the view of framing .‘i law on this .sub- 
ject. ^ ^ ^ 

The following is the fomiula for this paste : — 

Take of phosphorus 8 parts, liquefy it in 180 parts of lukewarm water; pour tho 
whole into a mortar, add immediately 180 parts of rye-meal; when cold, mix in 180 
parts of butter melted, and 12o parts of .sugar. If tlie phosphorus is in .a finely- 
divided stiite, tli(‘ ingredients m.'iy bo all mixed .-it once without melting them. Tliis 
mixture will retain its effiwicy for many years, for the pliospliorus is prt'Servod ly the 
butter, and only becomes oxidised on the surface. Hats and mice eat this mixture 
with avidity; .after whicli they swell out, and soon die. .Several similar preparations 
are now made in this country for the destruction of vermin. 

PBOTO-GAXfVAXrOOKAPBT. A name given to a process invented by 
Mr. Pretsch, for producing tmgravings from photographs, by the application of the 
(jalmno-‘j>lastic process. It is not now employed, although great efforts were made 
to introduce it to the public. Tho principles involved are sufficiently de.scrilnd in 
tho article on Photographic Engraving. 

PBOTOOBir. 8yn. Baraffin Oil, A term wdiich has recently found its way into 
commerce, to dc.sign.atc certfiiii oils or naphthas for illuminating purpost s. It is gene- 
rally prepared from shales, brown coals, or cannels. Eogliead coal, and tlie nnmorous 
varieties of inflammable shales which more or less resemble it, are specially adapted 
for the preparation of photogen. The chief plij^sical difference hetw(ien photogen and 
ordinary coal-oils of the same boiling-point, is tho specific gravity, with which the 
former varies from 0*820 to 0*830, whereas common coal-naphtha nev*er lias a less 
density than O'SdO. It is true that photogoii may bo obtained of ns high a density 
as 0*900, but then it will las of an excessively liigh boiling-point, and, in all proba- 
bility, satimated with paraffin. 

The light oil known as photogen may bo obtained from common bituminous coals 
by distilling them at a lower temperature than is employed in gas-works. To obtain 
the maximum amount of photogen from coal, tho temperature should not be much 
above 700° Cent. 

Preparatio7i.~ Thfd coals, broken into small laeees (the smaller the better), .are to be 
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heated in vertical or horizontal iron retorts, the tar being received through a very 
wide worm into large tanks. Some manufacturers use vertical, and others horizontal 
retorts ; it is also common to ^stil the coals by the heat produced by their own 
combustion. If the latter process be employed, the arrangements for condensing the 
product must be very perfect, or great loss will be sustained, owing to the air which 
supports the combustion carrying away a considerable quantity of the hydrocarbons. 
This power of air to saturate itself with vapours is of great importance in the 
economy of all processes where the distillation of one portion of substance is carried 
on by tne heat evolved by the combustion of another. It is not uncommon in prac- 
tice, where the cylinders are horizontal, to place the coal or other matters to bo 
distilled in semicylindrical trays, which are capable of being inserted into the retort s, 
and also of being removed to make way for another charge at the completion of the 
operation. 

The tar obtained by any of the above processes is to bo redistilled : the lighter 
portions form (when purified by means of sulphuric acid and alkalis) the fluid known 
in commerce as ‘Boghead naphtha.’ (See Naphtha, Boohead.) In Germany and 
some other places, it is usual to divide the distillate from the tar into two portions, 
one being for the preparation of photngen, and the other for ‘ solar oil.’ This division 
is made as the fluid runs from the still ; the more volatile constituting tlie photogen, 
and the less the solar oil. 

The process of purification is the same in both cases, namely, alternate treatments 
with concentrated sulphuric acid to remove the highly-coloured and odorous consti- 
tuents of the crude distillate, and washing with an alkali to remove carbolic acid and 
its congeners ; also that portion of sulphuric acid which remains suspended in the 
naphtha, and the sulphurous acid produced by the decomj)osil ion of a i)ortion of the 
sulphuric acid by the carbon of certain easily-decomposed organic matters in the crude 
distillate. This decomposition of the sulphuric acid happoiis thus : — 

2SOmO + C := 2S02 -h 2HO + CO" 

(aH"so* + c = 2S02 + zn^o + co"). 

There is another advantage in the treatment of the fluid by alkalis, inasmuch as 
some sulphide of hydrogen, and probably other fmtid sulphur-compounds, is decom- 
posed and the resulting products removed. 

In preparing photogen from any of the sources enumerated, much must be left to 
the discretion of the manufacturer, both as regards the apparatus and the chemical 
processes. In some inst^inces the solar oil and photogen are with advantage prepared 
separately ; but in this country it is more usual to mix the hea\y and light oils 
together, so as to produce a fluid of medium density and volatility. It must bo 
remembered that while the more volatile hydrocarbons confer extreme inflammability 
and fluidity, they are at the same time more odorous than the less volatile portion of 
the distillate, which is the true paraffin oil. 

The more odorous impurities in photogen appear tx) l>e easily susceptible of oxida- 
tion. This is evident from the facility with which foully-smelling photogen loses its 
offensive odour in contact with bichromate or maiigariate of potash, or even animal 
charcoal. Their exposure to air even greatly improves the odour, and a recently- 
distilled photogen, which is very unpleasant, becomes comparatively sweet if kept in 
tanks or barrels for a few days. The same thing happens ^vith many essential oils, 
such as those of peppermint, cloves, &c. The pros(;nce of sulphurous acid in photo- 
gen may be instantly detected by shaking a little in a test-tube with a few drops of a 
very weak solution of bichromate of potash ; if sulphurous acid bo present, a portion 
of the chromic acid will be reduced to green oxide, which will instantly betray the 
presence of the reducing agent alluded to. 

Photogen often shows the phenomenon of dichroism ; but the more it is purified 
by acids, the more feebly is the coloration by reflected light observed, and if tlu^ 
less volatile portion of the distillate be rejected, the property alluded to will not bo 
perceived. 

In distilling the heavy oils or tars produced by distilling Boghead coal or other 
photogen-yieloing substances, it is particularly to be observed that tlie worms or 
other tubes proceeding from the stills, if of too small diameter, are liable to be- 
come choked up with paraffin ; this, if unobserved, might lead to serious results. It 
is very convenient to have a steam-pipe inserted into the worm-tubes or condonsing- 
tanks, to enable the water to be heated to such a point as to molt nny solid matters 
in the worms, and allow them to be washed into the recipient by the fluids distilling 
over. 

The following Table by Wagenmann will be found of great importance to those who 
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are interested in the commercial value of the different varieties of coals and bitumens 
as sources of illuminating oils : — 


Name 

Locality 

Tar 

per 

cent. 

Specific 

gravity 

Crude oil 
sp. gr. 
from 0*700 
to 0*950 

Criule oil 
sp. gr. 
from 0-850 
to 0*900 

Crude 

paraffin 

Trinidad Pitch 

Trinidad 

70 

•875 

40 

20 


Boghead coal . 

Scotland 

33 

•860 

12 

18 


Torbano mineral . 


31 

•861 

11 

16 

u 

Dorset shale . 

England 

9 

•910 

1 

6 


Kangoon naphtha . 

Burmah 

80 

•870 

50 

20 

3“" 

Bolmar turf , 

Ireland 

3 

•920 

1 

1 

4 . 

George’s bitumen . 

Neuwiod 

29 

•8G5 

H 

14 

if 

Paper coal. No. 1 . 

Siebengebirgo 

20 

•880 

6 

9 

1 

„ No. 2 . 

If 

15 

•880 

5 

7 

X 

„ No. 3 . 

If 

11 

•880 

3 

6 

4 

»f • 

Hesse 

25 

•880 

6 

12 

1 

99 99 > 

Rhenish Provinces 

11 

•880 

3 

5 

4 

99 99 • 

Bonn 

4 

•930 

1 

3 

4 

Brown coal . 

Saxony (Province) 

7 

•910 


3 


n • • 

Saxony (Kingdom) 

10 

•920 

2 

4 

1 

I* • • 


6 

•915 

i 

4 

1 

u 

if • • 

If If 

5 

•910 

1 

a 

3.i 

i 

If • • 

If ff 

6 

•910 

n 

4 

4i 

i 

If • • 

ff ff 

H 

•920 

2 

5 

1 

If • • 

If If 

6 

•910 

1 

4 

h 

If • • 


4 

•910 

1 

2 

4 

ff • • 

If If 

H 

•920 

2 

5 


if • • 

1 Thuringia 

5 

•918 

H 

1 

I 

If • • 

„ 

0 

•920 

i 

3^ 

4 

if • • 

Neuwied 

1 

•920 

1 

5 

4 

If • • 

Bohemia 

1 11 “ 

•860 

3 

5 

' J 

If • • 

i Westerwald 


•910 

1-1 

H 


ff • • 

„ 

H 

•910 

1 

1 


If * • 

Nassau 

4 

•910 

2 



ff * * 

If 

3 

•910 

1 

1 


j ff • • 

Frankfort 

9 

•890 

2 

6 



None of the cannel or bituminous cojil, shales, or other substances used for yielding 
burning fluids by distillation, give distillates of such purity and freedom from odour, 
as Kangoon tar. The more volatile portion of the distillate from the latter has 
obtained in commerce the absurd name of Sherwoodole ; it is used instead of coal- 
benzole for removing grease, &c. The paraffin obUiined from Kangoon tar has a 
greater value for commercial purposes than that from Boghead coal, inasmuch as it 
has a higher melting-point, which renders it better adapted for caudles. The follow- 
ing are the melting-points of various samples of paraffin : — 

Melting-point. 

Fahr. 

Boghead-coal paraffin .114° 

„ „ another specimen . . . .108 

Tlie last, after being distilled 108 

Turf paraffin .116 

Bituminous-coal paraffin, prepared by Atwood’s process . 110 

Ibingoon*tar paraffin 1^0 

It is curious to observe the effect of light upon photogen. Some samples of ex- 
tremely dark colour, when exposed to its influence for a few clays, become as completely 
bleached as animal oils would under these circumstances. At the same time, as we 
have before hinted, the odour becomes much improved. A photogon of go^ quality 
has by no means a repulsive odour, but if much of the more volatile constituents be 
present, it is impossible to avoid its being disagreoablo if spilled about. The less 
volatile hydrocarbons have comparatively little odour. It should not be too inflam- 
mable, that is to say, it must not take fire on the approach of a light. If it does, it is 
owing to the more volatile portion not having been sufficiently removed. See 
Paraffin for a description of its manufacture. 

Vox. III. 0 0 
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»ae*04HtA»aiC Bir<ULa.VZira. The first who appears to havo had any 
idea of engraving by the influence of sunliglit was Nicophoro Niciwo. According to 
M. Aim4 Girard, the first proof taken by him by means of this process bears date 
1827 . This process was very simple : it consisted in spreading a thin layer of bitn- 
men of Judaea upon a copper- or pewter-plate, wliicli was then placed in the camera 
obscura, where it was allowed to remain some hours, until the bitumen hiid received 
the impression of the external objects towards which the lens had been directed. On 
withdrawing the plate, it was submitted to the action of the essential oil of lavender, 
which dissolved those portions of the bitumen not acted upon by the light, Ic.-nnng the 
metal bare, while the remaining bitumen produced the design. Passing the plate 
afterwards through an acid solution, the acid acted on the lueUillic plate, while the 
other parts were preserved by the protecting varnish. 

Six years later, that is, in 1839, M. Daguerre made his discovery of tho ‘ Daguerroo- 
type’ public. In the meantime, ho had considoraldy improved on Niepce s ])roccss ; 
but although many, and some tolerably successful, attempts wore made to engrave tho 
pictures produced by those processes, none were quite successful. 

The next process to which we shall refer is that of M. Fizeaii. He took a 
Daguerreotype plate, and submitted it to tho action of a mixture of nitric, nitrous, 
and hydrochloric acids, which did not affect the whites of tho picture but attacked 
tho blacks with a resulting formation of adherent chloride of silver, which speedily 
arrested the action of the acid. This ho removed by a solution of ammonia, and the 
action of the acid was continued. This process ho continued until a finely-engraved 
plate was tho result; but the lines of this plate were not deep enough to allow of 
many prints being taken from it. To remedy this, lie covered the ]date with some 
dr^dng oil, and then, wiping it from the surface, left it to dry in the hollows. Ho 
afterwards submitted the plate to an electro-chemical process which covered tho raised 
parts with gold, leaving the hollows, in which the varnish remained, mitouchod. On 
the completion of the gilding, the varnish was removed by means of caustic potash, 
and the surface of the plate, covered with grains de gravure, ]»TOdut*ing what is techni- 
cally termed an aquatint ground, and the doopening of the lin(‘S w’as proceeded with 
by means of tho acid. The Daguerreotype plate was by these means converted into an 
engraved plate, but as it was silver it would have worn out very soon ; to obviate 
which an impression was taken on copper by the electrochemical process, which could 
of course be renewed when it showed signs of wear. 

M. Claudet and Mr. Grove both produced some very good engravings on the 
Daguerreotype plate, but these processes have proved rather curious than useful. 

On October 29, 1852, Mr. Fox Talbot patented a process, whicl) was similar ton 
process previously used by MM. Pretseli and Poitevin, as regarils t lie substanee first 
employed, viz. a mixture of bichromate of potash and gelatine ; but tho remaining 
portion of the process was conducted on tho same principle, tliough in a different 
manner, to that of M. Fizeau. 

Mr. Mungo Ponton discovered the use of the bichromate of potash as a ])hotographic 
agent; and Mr. Ilobort Hunt subsequently published a process, called tho ‘Chromo- 
type.* In both these processes the peculiar property of the chromic acid, lilierated 
under the action of sunshine, to combine with organic matter, w’as pointed out. MM. 
Pretsch, Poitevin, and Talbot, only availod themselves of this ja'cvious discovery, and 
in each insuiiice gelatine wms rendered insoluble by the decomi)Osition of the bichro- 
mate of potash under the influonee of actinic power. By dissolving off’ tho still soluble 
portions of the gelatine, either metal could be precipitated by tho voltaic battery, or 
an etching produced. 

In 1853 M. Niepce de St Victor, the nephew of Nicephoro Niepce, took up his 
uncle's plan, and wdth tho nssistinee of M. Lemaitre, who iiad also assisted his uncle, 
endeavoured to perfect it ; but, though he modified and improved it, liis success was 
not very great — it was always found necessary to have the assisUinco of an engraver 
to eomplete the plate. 

After this many oUiers, among whom may be enumerated MM. Lerebours, Le- 
mercier, Barreswil, Davanno, and, finally, Poitevin, endeavoured to obtain a design 
by similar means on stone. The last appears to have succeeded. His method is 
based on the chemical action of light on a mixture of gelatine and bichromate of 
potash, as above. This mixture, which when made is perfectly soluble in water, 
becomes insoluble after exposure to the light. His mode of proceeding is as follow’s : — 

He spreads the mixture on the stone, and, after diying, lays tiio negative upon 
it, and exposes it to the fight. After a suitable exposure tho negative is removed, 
and the portions not acted upon by the light are washed away with water, and the 
design remains with the property of taking the ink like an ordinary lithogrdphic 
crayon. The stone is then transferred to the press, and proofs taken in tho usual 
way. It is said that pictures have been obtained from the stone after 900 copies had 
been pulled. 
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The process of M. Charles N6gre was more complicated than the preceding, but 
yielded superior results. His process was not unlike that of M. Fizcau. 

Mr. Fox Talbot thus describes his process of Photoglypkic Engraving : — 

‘ I employ plates of steel, copper, or zinc, such as are commonly used by engravei’S. 
Before using a plate its surface should be well cleaned ; it should then be rubbed with 
a linen cloth dipped in a mixture of caustic soda and whiting, in order to remove any 
remaining trace of greasiness. Tho plate is then to be rubbed dry ^th another liuen 
cloth. This process is then to be repeated ; after which, the plate is in general suffi- 
ciently clean. 

‘ In order to engrave a plate, I first cover it with a substance which is sensitive to 
light. This is prepared as follows : — 

‘ About a quarter of an ounce of gelatine is dissolved in eight or t 9 n ounces of water, 
by the aid of heat. To this solution is added about one ounce, by measure, of a satu- 
rated solution of bichromate of potash in water, and the mixture is strained through 
a linen cloth. The best sort of gelatine for the purpose is that used by cooks and 
confectioners ; in default of this, isinglass maybe used, but it does not answer so well. 
This mixture of gelatine and bichromate of potash keeps good for several months, 
owing to the antiseptic and preserving power of the bichromate. It remains liquid 
and ready for use at any time during tho summer months ; but in cold weather it 
becomes a jelly, and has to bo warmed before using it; it should bo kept in a cup- 
board or dark place. Tho proportions given above are convenient, but they may bo 
considerably varied without injuring the result. 

‘ The engraving process should be carried on in a partially-darkened room, and is 
performed as follows : — 

‘ A little of this prepared gelatine is poured on the plate to bo engraved, w^hich is 
then held vertical, and the superfluous liquid allowed to drain off at one of the corners 
of the plate. It is held in a horizontal position over a spirit-lamp, which soon dries 
the gelatine, which is loft as a thin film, of a pale yellow colour, covering tho 
mebillic surface, and generally bordered with several narrow bands of prismatic 
colours. These colours are of use to tho operator, by enabling him to judge of 
the thinness of tho film : when it is very thin, the prismatic colours are seen over 
the whole surface of the plate. Such plates often make excellent engravings ; never- 
theless, it is perhaps safer to use gelatine films, which are a little thicker. Exxierience 
alone can guide the operator to tho best result. The object to bo engraved is thou 
laid on the metal plate, and screwed down upon it in a photographic copying-frame. 
Such objects ma}’’ bo either material substiiiices, as lace, the leaves of plants, &c., 
or they may be engravings, or writings, or photographs, &;c. &c. The plate bearing 
tho object upon it is then to be placed in tho sunshine, for a space of time varying 
from one to several minutes, according to circumstances ; or else it may be placed 
in common daylight, but of course for a long time. As in other photographic pro- 
cesses, tho judgment of the operator is here called into play, and his experieuce 
guides him as to tho proper time of exposure to the light. When the frame is 
withdrawn from the light, and the object removed from the plate, u faint image is 
seen upon it — the yellow colour of the gelatine haidng turned brown wherever tho 
light has acted. 

‘Wheu the plate bearing the photographic image is removed from the copying 
frame, I spread over its surface, carefully and very evenly, a little finely-powdered 
gum copal. It is much (‘usier to spread this resinous powder evenly upon the surface 
of tho gelatine, than it is to do so upon tlie naked surface of a metal plate. Tho chief 
error tlie oiierator has to guard against is that of putting on too much of the powder : 
the best results are obtained by using a very thin layer of it, provided it is uniformly 
distributed. If too much of the powder is laid on it, it impedes tho action of the 
etching liquid. When the plate has been thus very thinly powdered with copal, it is 
held horizontally over a spirit-lamp in order to melt the copal; this requires a con- 
siderable heat. It might bo supposed that this heating of the plate, after the forma- 
tion of a deliciite photographic image upon it, would disturb and injure that image ; 
but it has no such effect. The melting of the copal is known by the change of colour, 
The plate should then be withdrawn from the lamp, and suffered to cool. This pro- 
cess may be culled the laying an aquatint ground upon tho gelatine, and I believe it 
to be a new process. In tho common mode of laying an aquatint ground, the resinous 
particles are laid uj^n the naked surface of the metal, before the engraving is com 
menced. The gelatine being thus covered with a layer of copal, disseminated uni- 
formly and in minute particles, the etching liquid is to be poured on. This is prepared 
as follows : — Muriatic acid, otherwise called hydrochloric acid, is saturated with pep 
oxide of iron as much as it will dissolve with tho aid of heat. After straining the 
solution, to remove impurities, it is evaporated till it is considerably reduced in 
volume, and is then poured off into bottles of a convenient capacity ; as it cools, it 
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solidifleB into a brown semi-crystalline mass. The bottles are then well corlcod-up, 
and kept for use. I shall call this preparation of iron by the name of “ perchloride of 
iron.” It is a substance very attractive of moisture. 

* Water dissolves an ertraordinary quantity of it, sometimes evolving much heat 
during the solution. I find that the following is a convenient way of proceeding : — 

*A bottle (No. 1) is filled with a saturated solution of perchloride of iron in 
water. A bottle (No. 2) with a mixture consisting of five or six parts of the 
saturated solution and one part of water. And a bottle (No. 3) with a weaker liquid, 
consisting of equal parts of watei and the saturated solution. Before attempting 
an engraving of importance, it is almost essential to make preliminary trials, in 
order to ascertain that these liquids are of the proper stren^h. I have already ex- 
plained how the photographic imago is made on the surface of tiio gelatine, and 
covered with a thin layer of powdered copal or resin, which is then melted by hold- 
ing the plate over a lamp. When the plate has become perfectly cold, it is ready 
for the etching process, which is performed as follows : — A small quantity of the 
solution in bottle. No. 2, viz. that consisting of five or six parts of saturated solution 
to one of water, is poured upon the plate, and spread with a camel’s-hair brush 
evenly all over it. It is not necessary to make a wall of wax round the plate, be- 
cause the quantity of liquid employed is so small that it has no tendency to run 
off the plate. The liquid penetrates the gol.-itine wherever the light has not acted on 
it, but it refuses to penetrate those parts upon which the light has sufficiently acted. 
It is upon this remarkable fact that the art of photoglyphic engraving is mainly 
founded.* 

Photographic engraving has not, up to the present time (1874), been successfully 
introduced into the arts. Many especially interesting processes have been devised, 
and on the small scale, with the proper amount of care, they have been all that 
is desirable ; but, when it has been attempted to apply the process on the larger scale, 
it has either failed entirely, been uncertain in its results, or too costly for the general 
public. 

FBOTOCntiLPBXC PBZBTZBG. Numerous experiments have been mad© 
for the purpose of preparing surfaces upon which pictures could be obtained by the 
action of sunshine, or on to which photographic pictures could be transferred. 

Most of the processes are founded on the peculiar action of tho solar rays upon tlio 
bichromate of potash dissolved in a solution of gelatine. It is not possible in a work 
of this class to do more than deal with the general principles involved. In tho last 
edition, Woodbury’s relief-printing was alone described. A portion of that description 
is retained. 

The process is thus described : — A sheet of talc (mica) of the size required is affixed 
with gum or water to a plate of glass, and placed on a levelling stand ; some bichroma- 
tised gelatine is then poured on its surface to form an even coating. When quite dry, the 
talc by means of a knife is removed, the exposed surface carefully cleaned, and placed 
in contact with the negative that is to be reproduced. The gedatiuo i» protected by a 
piece of blotting-paper, then covered with a glass to ensure uniform pressure and close 
contact between the talc and the negative. After exposure to the sun for an hour, 
the film must be placed face upwards in a dish of hot -water ; this -will dissolve all the 
gelatine unacted upon by the sun, leaving a picture in relief, the parts most acted on 
standing in highest relief. When no more gelatine will dissolve, the film is dried by 
heat to a certain stage, then naturally. 

The metallic intaglio is produced in the following manner ; — The gelatine relief, 
with a clean sheet of metal composed of type-metal and lead placed on it, is sub- 
mitted to hydraulic pressure. As it is of the greatest importance that it should be 
kept perfectly flat, a sheet of steel of sufficient thickness to prevent its bending or 
yielding when in the press, is placed under the talc, and a similar one on top of the 
metal. The amount of pressure varies with the softness of the metal employed, but 
the approximate amount may be stated as 4 tons to tho square inch. This process 
does not in the least injure the gelatine mould, which will serve many times. 

The process of printing from tho metal mould is conducted in tho following 
manner: — The press is made in the form of a very shallow box with a winged lid. In 
the bottom of the box is placed a plate of thick glass (resting on four screws), and in 
the lid is a similar plate. The mould is placed face upwards on the glass in the box, 
and raised by means of the screws to come in contact with the glass lid when closed. 
A small quantity of ink is then placed on the middle of the mould, the sheet of paper 
is laid on the top of the ink, and the lid being closed, the ink spreads out between tho 
paper and the mould, filling up the cavities in the latter, the supei-fluous portion 
escaping over the edges. The lid should remain closed until the ink is sufficiently set 
to allow of its being removed with the paper. Tho conditions required in the ink are 
fluidity with rapid setting, transparency, and facility for the removal from the mould 
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with i^rfect adherence to the paper. All these are found in gelatine, to which any 
colouring-matter may bo added. The ink must bo kept warm, the heat and strength 
being such as to ensure its sotting in a reasonable time ; the mould should be slightly 
moistened with oil to prevent the ink adhering to it. 

After remaining in the box for about a minute the paper is removed, taking with it 
the mass of gelatine, which at this stage forms a picture in relief (hence the name of 
this process, relief -printing), but as it dries, this peculiarity gradually disappears, and 
when it is quite dry not a trace of it is left. One operator may w'ork several of these 
presses at the same time, and by so doing he may produce from 160 to 200 prints per 
hour. The print is fixed by immersing it for a short time in a solution of alum, which 
renders it impcr\dous to moisture and improves its mechanical condition. 

Mr. Walter Bentley Woodbury obtained two patents for modified forms of his pro- 
cess in 1870 and in 1872, for sundry improvements in the ‘ Woodhurtf Type.\' his 
latest process being the following one, quoted from the Specification of his process, dated 
December 4, 1872: — 

‘ In place of using a thin film of collodion (as is generally used in the process called 
‘Woodbury type’) to hold the gelatine of the relief, I proceed as follows : — I first rub 
over a sheet of plate-glass with French chalk or ox gall, and then coat with the bi- 
chromatised gelatine solution as now used. When this is dried and ready for use, I 
expose the side that was next to the glass for a few seconds to daylight before exposing 
it under the negative. This has the effect of causing a thin film of the gelatine to 
become insoluble, which after subsequent exposure under the negative will not wash 
away, but form a support for the photographic imago afterwards impressed, thus doing 
away with the expense and trouble of the double coatings as now practised. When 
the gelatine relief is dried in the ordinary way I take a thin sheet of tin foil (same 
size as the gelatine relief), and atUich it by gum or other adhesive substance around 
the edges to the gelatine relief. I now lay on the back of this a stout sheet of plate- 
paper, and pass tlie whole through an ordinary rolling press; the tin foil is by this 
means impressed into all the details of the relief, but in that state it would bo useless 
to print from. I then proceed as follows : — A shallow motiil box is filled with a com- 
position of shellac and asphalt which on warming becomes soft, but hardens on cool- 
ing ; this box is placed on a hot plate until the composition it contains softens ; it is 
then placed on the lower plate of the ordinary Woodbury printing-press, the foil and 
relief laid on it, the press closed and the pressure applied by the under screw. When 
the composition has hardened the tin foil adheres to it, and I remove the gelatine relief 
from the foil, and use the foil-backed mould to print from. In place of fixing the 
proofs by alum or other substance of a like nature I varnish the proofs with an ordi- 
nary varnish composed of shellac and alcohol, which gives the print the effect of a 
photograph on albunienisod paper, at the same time protecting the surface from mois- 
ture. I also sometimes use the composition above named without the foil as a 
printing-mould direct, and when sufficient numbers have been printed the box holding 
the composition is again heated, and can bo used over and over again. The third part 
of my invention consists in an improved method of printing Woodbury type by 
macliiuery. This I accomplish as follow’s : — Out of a solid block of iron I have turned 
a cylindrical hole in wdiich is made to fit V(‘ry loosely a cylinder of soft mebil, having 
a taper or conical hole through it lengthwi.se. Between tlio interior of the steel block 
and the soft metal cylinder 1 insert the gelatine reliefs, then by means of a taper or 
wedge-shaped spindle (roughened) I drive by hammering or by pressure the soft metal 
against the iron cylinder, thus impressing the relief on the outside of tlie metal cylin- 
der, the tiper spindle at the same time forming a shaft for the cylinder to bo used in 
the process of printing. I then mount this roller bearing the relief in vortical slots 
in a frame having a bed of plate-glass on which the paper rests, the roller resting on 
the glass by its own w'eight and being dragged round by the paper itself, or in place 
of the glass plate I allow the soft met;il to lie on another fixed or moveable roller of 
metiil or glass. The latter may be hollow so fj.s to reduce its temperature in hot 
weather by a stream of cold water running througli it.’ 

Mr. Joseph Wilson ISw’au, of Newcastle, was a very zealous worker. He com- 
bined with the bichromated gelatine carbon or other colouring-matter. The inter- 
mediate stiiges of the process were as in other of the chromotype processes, and the 
coloured gelatine was made to receive a printing ink, and impressions were taken 
therefrom. In 1866 he improved his process as follows : — When the image is pro- 
duced by means of a negative that is employed to produce an impression of the sensi- • 
tive gelatinous tissue, previous to its development the tissue is mounted upon a surface 
of glass, and the uncoated surface of the glass is placed towards the light. Warm 
water is used to dissolve the soluble portions of tlie gelatinous coating, and thus to 
develop the image. The plate bearing this imago is surrounded with a rim, hardened 
by means of a protosalt of iron or of sulphate of alumina. The surface is coated with 



m 


PHOTOGRAPHY 


tilTer while wet and eleetrotyped in copper, and from this plate with proper precau- 
tions any number of copies can be printed off. In 1872 Mr. Swan informed the 
writer that the process had been much improved, particularly in the transfer part of 
the process. The tissue, after being impressed by the solar action in the printing- 
fmme, is now attached to the surface on which the development of the pictures is 
effected without the aid of any cementing material, and without the employment of a press. 
The natural adhesiyeness of the tissue itself, aided as it is by atmospheric pressure 
and capillary attraction, obtains a very perfect attachment of the tissue to either a 
plate OT glass or metal or to insoluble gelatinised or insoluble coagulated albumenised 
paper. In practice the tissue is transferred for development (by warm W'ater) to a 
zinc plate when U is required to he re-i^ansf erred to paper (to procure reversal), and 
when the re-transfer is not required the tissue is at once transferred to (and the pic- 
ture developed upon) paper faced wdth some insoluble material such as named, or 
lac. Mr. Johnson, who has latterly done much in the improvement of the process in 
connection with the points referred to, and who w'orks in conjunction -with the 
Autotype Company, prefers to use a paper faced with lac, decolourised of course. This 
process has been largely developed as the * autotype process ’ and many very fine pro- 
ductions are now being regularly published. 

Numerous modifications of these processes have from time to time been brought 
under the notice of the public. Mr. Duncan Campbell Dallas, amongst others, 
patented the following process, knowm as the Dallastypc : — 

The design is photographed or drawn upon a glass plate in a medium that inter- 
cepts the actinic rays. Over the design a solution of bichromatised gelatine is poured, 
and when the coating thus formed is sufficiently dry, tlie uncoated side is exposed to 
the light. The parts not acted upon b}" light are then softened and caused to sw ell 
by treatment with cold water ; this is poured off and the design is repeatedly washed 
with warm water till the design is free from the gelatinous mixture and allowed to dry. 
A mould is then taken of the surface by electrot 5 q)ing, by casting, or by pressure. 

Further information relative to processes of this character must be sought in the 
numerous Specifications of Patents which exist. The process of Photozincography will 
be found under its special heading. See PnoToziNcoGiiAPHY. 

PBOTOOAAVBT. (From phos, photos, light ; ypeuph, graphe, a writing or a 
description.) The art of producing pictures by the agency of sunshine, acting upon 
chemically-prepared papers. 

There are certain chemical compounds, and especially some of the salts of silver, 
which are rapidly decomposed by the influence of the sunshine, and, though more 
slowly, by or^nary daylight, or even by powerful artificial light. As the extent 
to which the decomposition is carried on, depends upon the intensity of radiation 
proceeding from the object, or passing through it, accordingly as we are employing 
the reflected or the transmitted niys, it will be obvious that we shall obtain very deli- 
cate gradations of darkening, and thus the photograph will represent in a very refined 
manner all those details which arc rendered visible to the eye by light and shadow’. 

There are two methods by which photographs can be tJiken : the first and simplest 
is by super-position, but this is applicable only to the copying of engravings or of such 
botanical specimens as can be spread out upon paper, and objects winch are entirely 
or in part transparent. The other method is by throwing upon the prepared paper 
the image obtained by the use of a lens fitted into a dark box — the camera obscura. 

To cany out either of these methods certain sensitive surfaces must be produced ; 
these therefore claim our first attention : — The artist requires — 

1. Nitrate of silver. 2. Ammonia nitrate of silver. 3. Chloride of silver. 4. 
Iodide of silver. 5. Bromide of silver. These five chemiciil compounds may be re- 
garded as tlie agents most essential in the preparation of photographic surfaces. 

1. Nitratb of Silver. The crysUillised salt should, if possible, always be pro- 
cured. The ftised nitrate, which is sold in cylindrical sticks, is liable to contiimi nation. 

A preparation is sometimes sold for nitrate of silver, at from ^d, to 9d. the ounce less 
than the ordinary price, which may induce the unwary to purchase it. This reduction 
of price is effect^ by fusing with the salt of silver a proportion of some cupreous salt, 
generally the nitrate, or nitrate of potash. This fraud is readily detected by observing 
if the salt becomes moist on exposure to the air, — a very small admixture of copper 
rendering the nitrate of silver deliquescent. The evils to the photographer are, want 
of sensibilitj upon exposure, and the perishability (even in the dark) of the finished 
drawing. 

The most simple kind of photographic paper is that washed with the nitrate of silver 
only ; and for many purposes it answers well, particularly for copying lace or feathers ; 
and it has this advantage that it is perfectly fixed by well soaking in pure warm water. 

The best proportions in which this salt can be used are 60 grains of it dissolved in 
a fftoid ounce of water. Care must be taken to apply it equally, with a quick but 
itoady motion, over ©very port of the paper. 
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By dissolving the nitrate of silver in common rectified spirits of wine instead of 
water, we produce a tolenibly sensitive nitrated paper, which darkens to a very 
beautiful chocolate-brown. 

2. Ammonia Nitrate of Silver. Liquid ammonia is to be dropped carefully 
into nitrate of silver; a dark oxide of silver is thrown down ; if the ammonia-liquor 
is .added in excess, this precipitate is redissolved, and wo obtain a perfectly colourless 
solution. Paper washed with this solution is more sensitive than that prepared with 
the ordinary nitrate. 

3. Chloride of Silver. This salt is obtained most readily by pouring a solution 
of common salt, chloride, of sodium, into a solution of nitrate of silver. It then falls 
as SI pure white precipitate, which changes colour in diffiised daylight. 

Chloridated papers are formed by producing a chloride of silver on their surface, by 
waishing the paper with the solution of chloride of sodium, or any other chloride, and 
when the paper is diy, with the solution of nitrate of silver. 

The most, sensitive paper , — Chloride of sodium, 30 grains to 1 ounce of water; 
nitrate of silver, 120 grains to 1 ounce of distilled water. 

The paper is first soaked in the saline solution, and after being carefully wiped with 
linen, or pressed between folds of blotting-paper and dried, it is to be washed twice 
with the solution of silver, drying it by a warm fire between each washing. This 
paper is very liable to become brown in the dark. Although images may be obtfiincd 
in the camera obscura on this paper by about half an hour s exposure, they are never 
very distinct, and may bo regarded as rather curious than useful. 

Less sensitive paper for copies of engravings or botanical specimens. — Chloride of 
sodium, 2/5 grains to 1 ounce of water; nitrate of silver, 91) grains to 1 ounce of 
distilled water. 

Common sensitive paper for copying lacc^worJc, feathers, — Chloride of sodium, 
20 grains to 1 ounce of water; nitrate of silver, 60 grains to 1 ounce of distilled water. 
This paper keeps tolerably well, and, if carefully prepared, may always bo depended 
upon for darkening equally. 

4. Iodide of ^iiLVEu. This salt was employed very early by Talbot, Herschel, and 
others, and it enters as the principal agent into Mr. Talbot’s calotype-paper (see Calo- 
Type). Paper is washed with a solution of the iodide of potassium, and then with 
nitrate of silver. By this means papers may l)e prepared which are exquisitely sensi- 
tive to luminous influence, provided the riglit proportions are hit; but, at the same 
time, nothing can be more insensible to the same agency than the pure iodide of 
silver. A singular difference in precipitates, to all appoaranco the same, led to the 
belief that more than one definite compound of iodine and silver existed ; but it is 
now' proved that pure iodide of silver will not change colour in the sunshine, and 
that the quantity of riitr.ite of silver in excess regulates the degree of sensibility. 
Experiment has proved that the blackening of one variety of iod.'ited paper, and the 
preservation of another, depends on the simple admixture of a very minute excess of 
the nitrate of silver. 

6. Bromide of Silver. Bromide is the most sensitive to light of all the salts of 
silver. To prepare a highly sensitive paper of this kind, select some sheets of superior 
glazed post, and wash it on one side only with bromide of potassium (40 grains to 
1 ounce of distilled Avater) over which, when dry, pass a solution of 100 grains of 
nitrate of silver in the same quantity of water. The paper must bo dricsd .as quickly 
as possible without exposing it to too much heat; then .again washed with the silver- 
sohition, and dried in the dark. Such are the preparations of an ordinary kind, with 
which the photographer will proceed to ivork. 

The most simple method of obUiining sun-pictures is that of pLacing the objects to 
be copied on a piece of prepared ]iapcr, pressing them close with a piece of glass, and 
exposing the arrangement to sunshine : all 
the parts exposed darken. While those co- 
vered are protected from change, the result- 
ing picture being white upon a dark ground, 

Eor the multiplication of photographic 
drawings, it is necessary to bo provided 
with a frame and glass, called a copying 
frame. The glass must be of sucli thickness 
as to resist considerable pressure, and it 
should be selected as colourless as possible, 
great care being'taken to avoid such us have 
a tint of yellow or red, these colours pre- 
venting the permeation of the most efficieut 
rays. Fig. 1617 represents the frame, showing the back, with its adjustments for 
securing the close contact of the paper with every part of the object to be copied. 
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HaTing placed the frame face downwards, carefully lay out on the glass the object to 
be co^ed, dn which place the photographic paper very smoothly. Having covered 
this with the cushion, which may be either of flannel or velvet, fix the back, and ad- 
just it by the bar, until every part of the object and paper are in the closest possible 
contact ; then tuni up the frame and expose to sunshine. 



It should be here stated, once for all, that such pictures, howsoever obhiined, are 
called n^ative photographs ; — and those which have their lights and shadows correct as 
in nature — dark upon a light ground — are positive photographs. The mode of effecting 
the production of a positive is, having, by fixing, given permanence to the nogjitivo 
picture, it is placed, face down, on another piece of sensitive paper, when all the parts 
which are white on the first, admitting light freely, cause a dark impression to bo 
made on the second, and the resulting image is correct in its lights and shadows, and 
also as it regards right and left. 

For obtaining pictures of external nature, the Camera Obscura of Baptista Porta is 
employed. 

1620 



The figures {figs. 1618, 1619, 1620) represent a perfect arrangement, and, at the 
same time, one which is not essentially expensive. Its conveniences are those of fold- 
ing {fig. 1620), and thus packing into a very sinall compass, for the convenience of 
travellers. 

Fig, 1618 exhibits the instrument complete. Fig. 1619 shows the screen in which 
the sensitive paper is placed, the shutter being up and the frame open tliat its con- 
struction may be seen. 

C^era ooscuras of a more elaborate character are constructed, and many of ex- 
ceeding ingenuity, which give every facility for carrying on the manipulations out of 

doors. 

Fig, 1621 is a section of a very useful instrument, and fig. 1622 its external form. 
With a view to its portability it is constructed so as to serve as a packing-case for all 
the apparatus required, a is a sliding door, which sup^iorts the lens, c, c are side- 
openings fitted with cloth-sleeves to admit the operator s arms, is a hinged door at 
the back of the camera, which can be supported like a table by the hook e. f is the 
opening for looking into the camera daring an operation. U'his opening is closed when 
necessary by the door p, which can be opened by the hand passed into the camera through 
the sleeves c. The yellow-glass window which admits light into the camera during an 
operation is under the door, h. i is the sliding frame for holding the focussing glass, 
or the frame with the prepared glass, either of which is fastened to the sliding frame 
by the check, k. The frame slides along the rod, 1 1, and can bo fitted to the proper 
focus by means of the step m. n is the gutta-percha washing-tray, o is an opening in 
the bottom of the instrument near the door, to admit the well, p, and which is closed 
the well is removed by the door. The well is divided into two cells, one of 
which contains the fixmssiDg glass, and the other the glass trough, each in a frame 
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adapted to the sliding frame, i. On each side of the sliding door that supports the 
lens, O) there is within the camera a small hinged-fcible, r, supported by a bracket, s. 



they are sufficiently firm to secure the instrument from any motion during the opera 
tion of taking a picture. 

The true photographic artist, however, will not bo content with a camera obscura of 
this or any other kind. Ho will provide himself with a tent, in which he may be 
able to prepare his plates, and subsequently to develop and to fix his pictures. Many 
kinds of tent have been brought forward ; but we have not seen any one which unites 
perfectly all that can be desired, within a limited space, and which possesses the 
great recommendation of lightness. 

Smartt’s photographic tent, however, appears to meet nearly all the conditions required. 
In this tent an endeavour has been made to obviate many of the inconveniences com- 
plained of, especially as to w^orking space, firmness, simplicity, and portability. It is 
rectangular in form, is 6 feet high in the clear, and 3 feet square, affording table space 
equal to 36 inches by 18 inches, and ample room for the operator to manipulate with 
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perfect eaee and convenience. The table is made to fold up when not in use ; and in 
place of the ordinary dish for developing, a very efficient and portable trny is provided, 
made of india-rubber cloth, having its two sides fixed and rigid, and its^ two ends 
moveable ; it thus folds up into a space but little larger than one of its sides.^ The 
working space of the table is economised thus : — a portion of it is occupied in the 
way just described: the silver-bath is suspended from ^ho /row ^ of the table, and rests 
upon a portion of the framework of the tent. This arrangement loaves ample space on 
tne table for manipulating the largest-Mzed plates. The collodion pourcr, the plate- 
developing h(dder, the developing mps, and the water-bottle, have all special points in 
construction. The entire weight of the tent is 20 lbs., and it is easily erected f)r taken 
down by one person. Many improvements have been introduced in this tent, which 
now render it nearly perfect. 

The processes of most importance may be divided as follow 

1. The Copying process, already described. 

2. The Daguerreotype, See Daguerreotype. 

3. The Ccuotype. See Calotype. 

4. The Collodion process, which must now bo described 


Thk CoLLOBioN Process. 

The difficulty with which we are met in any attempt to describe this photographic 
process is, that it is almost hopeless to find two photographers who adopt precisely the 
same order of manipulation ; and books almost vithoiit number have been published, 
each one recommending some special system. 

By general consent the discovery of the collodion process, as now employed, is given 
to the late Mr. Scott Archer. It will, therefore, be considered quite sufficient to give 
the details of his process, which has really been but little improved on since its first 
introduction. 

Ih prepare the collodion. Thirty grains of gun-cotton should be taken and placed 
in 18 fluid ounces of rectified sulphuric ether, and then 2 ounces of alcohol should be 
added, making thus 1 imperial pint of the solution. The cotton, if properly made, 
will dissolve entirely ; but any small fibre wdiich may be floating about should be 
allowed to deposit, and the clear solution poured off. 

To iodise tne collodion. Prepare a saturated solution of iodide of potassium in 
alcohol — say 1 ounce, and add to it as much iodide of silver, recently precipitated and 
well washed, as it will take up : this solution is to be added to the collodion, the 
quantity depending on the proportion of alcohol which has been used in the prepara- 
tion of the collodion. 

Coating the plate, A plate of perfectly smooth glass, free from air-bubble or stria?, 
should be cleaned very perfectly wath a few drops of ammonia on cotton, and then 
wiped with a very clean cotton cloth. 

The plate must be held by the left hand perfectly horizontal, and then with the 
right a sufficient quantity of iodised collodion should be }x)urcd into the centre, so as 
to diflfuse itself equally over the surface. This should bo done coolly and steadily, 
allowing it to flow' to each corner in succession, tiiking care that the edges arc; well 
covered ; then gently tilt the plate, that the; superfluous fluid may return to tlie bottle 
from the opposite corner to that by which the plate is held. At this moment the jdate 
should be brought into a vertical position, w'hen the diagonal lines caused l>y the fluid 
running to the corner will fall one into the other, and give a clear flat surface. To 
do this neatly und effectually some little practice is necessary', as in most things ; but 
the operator should by no moans hurry the operation, but do it systematically, at the 
same time not l>eing longer over it than is actually necessary, for collodion being an 
ethereal compound evaporates rapidly. Many operators w'aste their collodion by 
imagining it is necessary to perform this operation in great haste ; but such is not the 
case, for an even coating can seldom be obtained if the fluid is poured on and off 
again too rapidly; it is better to do it steadily, and submit to a small loss from evapo- 
ration. If the collodion becomes too thick, thin it with the addition of a little fresh 
and good ether. 

Exciting the plate. Previous to the last operation, it is necessary to have the bath 
^eady, wiuch is made as follows 

Kitrate of silver ..... 30 grains. 

Distilled water 1 ounce. 

Dissolve and filter. 

quantity of this fluid necessary \io be made must depend upon the /om of trough 
la Is Mssi^ whether horisozital or vertical, and also upon the size of the plate. With 
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the vortical trough n glass dipper is provided, upon which the plnte rests, preventing 
the n{!ccssity of any liandlc or the lingers going into the liq[uid. If however, the glass 
used is a little larger than rt^quired, this is not necessary. Having then obtained one 
or other of these two, and filtered the liquid previously, the plate, free from any 
particle of dust, &c., is to bo iimncrsed steadily arid without hesitation', for if a pause 
should be made in any part, a line is sure to be formed, which will print in a subse- 
quent part of the process. 

The plate being immersed in the solution must bo kept there a sufficient time for 
the liquid to act freely upon the surface, particularly if a negative picture is to bo 
obtained. As a general ride, it will take about two minutes, but this will 'vary with the 
temperature of the air at the time of operating, and, the condition of the collodion. In 
cold weather, or indeed anytlung below »50° Fahr. the bath should bo placed in a 
warm situation, or a proper decomposition is not obtained under a very long time. 
Above 60® the plate will be certain to have obtained its maximum of sensibility by 
two minutes’ immersion, but below this temperature it is better to give a little extra 
time. 

To facilitate the action, let the temperature be what it may, the plate must be lifted 
out of the liquid two or three times, which also assists in getting rid of the ether from 
the surface, for unless this is thoroughly done a uniform coating cannot be obtained; 
but on no account should it he. removed until ths plate has been immersed about half a 
minute, as marks arc apt to be produced if removed sooner. 

The plate is now ready to receive its impression in the camera obscura. This having 
been done, the picture is to be developed. 

The dcvelopinent of the image. To effect this the plate must be taken again into the 
dark room, and with care removed from the slidti to the levelling stand. 

It will be well to caution the operator respecting the removal of the plate. Glass, 
as before observed, is a bad conductor of heat ; therefore, if in taking it out we allow 
it to rest on the fingers at any one spot too long, that portion will be warmed through 
to the face, and as this is not done until the developing solution is ready to go over, 
the action will be more energetic at those parts than at others, and consequently destroy 
the evenness of the picture. We should, therefore, handle the plate with care, as if it 
already possessed too much heat to be comfortable to the fingers, and that we must 
therefore get it on the stand as soon as possible. 

Having then got it there, W'o must next cover the face with the developing solution. 

This should be made as follows 


Pyrogallic acid 
Glacifil acetic acid 
Distilled water 

Mr. Delamotte employs 
Pyrogallic acid 
Glacial acetic acid 
Distilled water 


Dissolve and filter. 


6 grains. 
40 minims. 
10 ounces. 


9 grains. 

2 drachms. 

3 ounces. 


Now, in developing a plate, the quantity of liquid taken must be in proportion to its 
size. A plate measuring 6 inches by 4 will require half an ounce ; less may be used, 
but it is at the risk of stains ; therefore we would recommend that half an ounce of 
the above he measured out, into a perfectly clean measure, and to this from 8 to 12 
drops of a 60-graiii solution of nitrate of silver be added. 

Pour this quickly over the surface, taking care not to hold the measure too high, 
and not to pour all on oiio spot, but having tfikcn the measure properly in the fingers, 
begin at one end, and carry the hand forward ; immediately blow upon the face of the 
plate, which has the effect not only of diffusing it over tho surface, but causes the 
solution to combine more equally with the damp surface of th® plate ; it also has the 
effect of keeping any deposit that may form in motion, which if allowed to settle, 
ctiuses the picture to come out mottled. A. piece of white paper may now be held 
under tho plate, to observe the development of tho picture : if the light of the room is 
adapted for viewing it in this manner, well ; if not, a light must bo hold below, but in 
either case arrangements should bo made to view tho plate easily w'hilst under the 
operation : a successful result depending so much upon obtaining sufficient develop- 
ment without carrying it too far. 

As soon as the necessary development has been obtained, the liquid must be poured 
off, and the surface washed with a little water, which is easily done by holding the 
plate over a dish, and pouring water on it; taking care, both in this and a subsequent 
part of the process, to hold the plats horizontally, and not vertically, so as to prevent 
the coating being torn by the force and weight of water. 
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ProUmlpkate of iron, which was first introduced as a photographic agent in 1840 
by Mr. Robert Hunt, may be employed, instead of the pyrogalllc acid, with much 
advance. Generally the collodion portraits are now developed by the iron salt. The 
following are the best proportions : — 

Protosulphate of iron 1 ounce. 

Acetic acid 12 minims. 

Distilled water 1 pint. 

This is used in the same manner as the former solutions. 

t^ixing of image* This is simply the romoval of iodide of silver from the surface of 
the ^late, and is effected by pouring over it, after it has been dipped into water, a 
solution of hyposulphite of sila, made of the strength of 4 ounces to 1 pint of water. 
At this point daylight may bo admitted into the room, and indeed wo cannot judge 
well of its removal without it. We then soe by tilting the pinto to and fro the iodide 
gradually dissolve away, and the different parts left more or less transparent, according 
to the action of light upon them. 

It then only remains to thoroughly wash awaj^ over^^ trace of the hyposulphite of 
soda, for should any salt be left, it gradually destroys the picture. The plate should 
therefore either be immersed with great aire in a vessel of clean water, or what is 
better, water poured gently and carefully over the surface. After this it must be 
placed upright to dry or be held before a fire. 

The fixing procceses* The most important part of Photography, and one to which 
the least attention has been paid, is the process of rendering permanent the beautiful 
images which liaro been obtained. Nearly all the fine jdjotographs with which wo 
are now familiar arc not permanent. This is deeply to be regretted, especially as 
there appears to be no necessity for their fading away. In nearly all cases the fading 
of a photograph maj^ be referred to carelessness; and it is not a little startling, and 
certainly very annoying, to hear a very large dealer in jliotograpliic })ietures cieclare 
that the finest pictures by the best photographers are the first to fade. This is, no 
doubt, to be accounted for by the demand which there is for their pictures, leading to 
a fatal rapidity in the necessary manipulatory details. 

There is no necessity for a photograph to fade if kept with ordinary care. It should 
be at all events as permanent as a sepia drawing. Hyposulphite of soda is the true 
fixing agent for any of the photographic processes, be they I)aguerreot}"}ic, calotype, 
collodion, or the ordinary process for producing positive prints. It should bo under- 
stood, whichever of the salts of silver are employc'd, that by the action of the solar 
rays either oxide of silver or metallic silver is produced, and the unchanged chloride, 
iodide, or bromide can be dissolved out ly the use of the hyposulphite of soda. 

The photographic picture on paper, on metal, or on glass, is washed with a strong 
solution of the hyposulphite of soda, and the silver salt employed combines with it, 
forming a pculiarly sweet compound, the hyposulphite of silver; this is soluble in 
water, and hence wo have only to remove it by copious ablutions. The usual practice 
is to place the pictures in trays of w'atcr and to change the fluid frequently. In this 
is the danger, and to it may be traced the fading of nine-tenths of the pictures prepared 
on paper. 

Paper is a mass of linen or cotton fibre ; howsoever fine the pulp may 1)0 prepared, 
it is still full of capillar}' pores, which, by virtue of the force called capillarity, holds 
with enormous tenacity a large portion of the solid contents of the water. If w^e make a 
solution of a known strength of the hyposulphite of sod;i, and dip a piece of paper into 
it, it will be found to have lost more of the salt than belongs to the small quantity of 
water abstracted by the paper. Solid matter in excess has been withdrawn from tlio 
solution. So a photographic picture on paper holds with great tenacity one or other 
of the hyposulphites. By soaking there is of course a certain portion removed, but it 
is not possible by any system of soaking to remove it all. 

The picture is, however, prepared in this manner, and slowly, but surely, under 
(he combined influences of the solar rays and atmospheric moisture, the metallic silver 
loses colour, t. e. the photograph fades. 

The only process to be relied on demands that every picture should be treated 
separately. First, any number may be soaked in water, and the water changed ; by 
this means the excess of the hyposulphite of silver is removed. Then each picture 
must bo taken out and placed upon a slab of porcelain or glass, and being fixed at a 
small angle, water shoidd be allowed to flow freely over and off* it. Beyond this, the 
operator should be fhmished with a piece of soft sponge, and ho should maintain 
for a long time a dabbing motion. By this mechanical means he disturbs the solid 
matter held in the capillary tubes, and eventually removes it. The lal>our thus 
bestowed is rewarded by tiie production of a permanent picture, not to be secured by 
•nj other means. 
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A process has recently been introduced (1874) which is Jiighly spoken of. It con- 
sists essentially in mixing recently-precipitated bromide of silver with very pure gela- 
tine. This creamy, semi-opaque mixture is poured on glass.plates, and these are dried 
witli application of moderate heat in pei-fect darkness. The plates are rendered highly 
sensitive in tlie usual manner. It is said that in good light a portrait can be taken 
in five seconds. 

PHOTOMSTilT. The measurement of light, or of illuminating power. See 
Illumination. 

PHOTO-SCUXiPTIIllS. The following description of this art is written by the 
late M. A. Chiudet, F. R. S., who most 8ucce.ssfiilly practised it : — ‘ This beautiful ap- 
plication of pliotography is called Photo-sculpture, and is the invention of M. Willfeme, 
an eminent French sculptor. Before explaining how M. Willeme was led to this dis- 
covery, let me remind you that photogniphy itself was invented by painters of talent — 
by artists who, w'hilo using the camera obscura for studying the subject of their 
intended pictures, were struck with the beauty of those natural representations. In 
contemplating them they naturally desired that the pictures could bo permanently 
fixed. Considering that these pictures were formed by the light reflected from the 
objects, they essayed to fix them by availing themselves of the known scientific fact 
that light had the property of blackening certain chemical compounds. The flash of 
that idea was enough ; their genius and perseverance solved the problem, and they 
created that art which tliey desired so much — photography. A similar and no less 
instructive story may be told of photo-sculpture. M. Willeme w’as in the habit, 
whenever he could procure photographs ot his sitters, of endeavouring to communicate 
to the model the correctness of those unerring types. But how should ho raise the 
outlines of flat pictures into solid form? Yet the.se single photogiviphs, such as they 
were, could ser\’e him to measure exactly profile outlines. He could indeed, by means 
of one of the points of a pantograph, follow' the outline of a photograph, while with 
the other point directed on the model, he ascertained and corrected any error which 
had been communicated to his work during the modelling. What ho could do with 
one view or one single photograph of the sitter, ho might do also with several other 
views if he had them. This was sufficient to open the inquiry of an ingenious mind. 
He saw at once that if he had photographs of many other profiles of the sitter, taken 
at the same moment, by a number of camera obscuras placed round, he might alter- 
nately and consecutively correct his model by comparing the profile outline of each 
photograph with the corresponding outline of the model. Such was the origin of a 
marvellous and splendid discovery. But it soon naturally occurred to him, that in- 
stead of con’cctiug his model when nearly completed, he had better work w’ith the 
pantograph upon the rough block of clay, and cut it out gradually all round in fol- 
lowing one after the other the outline of the photographs. Now supposing that he 
had twenty-four photographs, representing the sitter in as many points of view (all 
taken at once), ho had but to turn the block of clay after every operation of the 
base upon which it is fixed, and to cut out the next profile, until the block had com- 
pleted its entire revolution, and then the clay w'as transformed into a perfect solid 
figure of the tw'onty-four photographs ; the statue of the bust w'as made. When this 
is once explained, everyone must be struck with admiration at the excellence of the 
process. It is so sure, and so simple, that w’e are surprised it has not been thought of 
before.’ 

PBOTOZZM'COGBAPBT. This is the name given by Major-General Sir Henry 
James, R.E., Director of the Ordnance Survey, who has thus described the process : — 

‘ For the purpose of producing rapidly and in large numbers, fae-similos of plans, 
drawings, written and printed documents, &c., of the same size as the originals, or to 
any required lesser scale, the present Director of the Ordnance Survey successfully in- 
troduced in 1859, a method combining the accuracy of photography with the facility 
of printing from zinc-plates, and named the process Photozincography. It is now ex- 
tensively used at Southampton for supplying the public, at a low cost, with fac- 
similes of some of the most interesting and valuable State papers that are preserved 
among the national manuscripts of the United Kingdom. 

‘ The fac-similes being in ink of which carbon is the basis, are not liable to fade, 
like photographic prints in silver ; for although the silver is coated with a film of gold 
in the toning bath, it slowly yields to atmospheric influences, and to the long-continued 
action of small traces (almost imjiossible to eradicate) of substances employed in the 
manipulation. 

‘ In tlie process of zincograpliy a tracing of the document is made in a greasy ink, 
and applied to a zinc-plate, from which any desired number of impressions may ba 
printed ; but in photozincography a photograph is prepared in such a manner that it 
may be transferred to a zinc-plate, the prints from which are free therefore from any 
error of the draughtsman’s han^ 
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'In copying mapc, engravings, manuscripts, &c., a negative of the object is taken 
on a glass-plate, and the silver deposit blackened with corrosive sublimate and am- 
monium hydiosulphate ; a sun-print is taken from tlie negative on paper, coated with 
^latino and bichromate of potass, which surfjme when exposed to the influence of 
Bght, is insoluble in water at a moderately hi^h temperature. 

* The print is uniformly covered all over with greasy transfer ink, and afterwards 
washed with warm water to dissolve the gelatine unacted upou by light, and so carry 
away the ink upon it, which now remains only on the insoluble portions. In this way 
a print in a greasy carbon ink is prepared, which has both the appearance and the 
properties of an ordinary tracing in lithographic ink, and can be transferred to zinc or 
stone in the usual manner. 

* The paper used for the carbon print should be tough, free from loose fibres, and 
have a surface that will remain almost undisturbed when saturated with water, and 
subjected to gentle friction. The double-elephant bank-post manufactured by Cowan 
and Sons, Cannon Street, London, answers these requirements, and has been found 
more suitable than any other paper that has been tried at Southampton. 

* The sensitizing solution is made by dissolving gelatine in hot water, and adding 
potassium bichromate in solution in the following proportions : — 


Nelson’s best patent fine gelatine 3 ozs. 

Potassium bichromate 2 „ 

Hot water 50 „ 


The mixture must be made and preserved in the dark. 

* When used for coating the paper, it is put into a flat dish and kept at a tempera- 
ture of about 100° Fahr., by means of a -water-bath ; the piper is floated on its surface 
for two or three minutes, then hung up to dry by two corners, floated again for a 
shorter period, but at a lower temperature, so as not to remove the first coating, and 
dried in a reversed position ; by this double application, with the aid of a high tem- 
perature maintained during the act of drying, a uniform surfiice is obtained. 

' The coated paper, which is very sensitive to light, is then smoothed by being passed 
through a lithographic press, and may he used any time within a week of its prepara- 
tion, but the best results in making copies of maps, engi'avings, manuscripts, <S:c., are 
obtained when the sensitized paper has not been kept longer than t-wo or three days ; 
after a week the paper becomes useless, it being almost impossible to clear the ink 
from the ground of the print on account of the uniform reduction of a ])ortiou of the 
potassium bichromate. The sensitizing mixture may be preserved i‘or further use for 
a considerable length of time, if kept in an opaque vessel, free from organic matter, 
and in a dark room ; an earthenware jar is a convenient receptacle, as the mixture 
when cold becomes a jolly, and the jar can be jmt in hot water -without injury, so as to 
melt its contents when required fur preparing more paper. 

‘ The time required to obt-iin a suitable sun-print on the prepared paper varies 
perhaps from one to twenty minutes, with the amount of light, the ago of the paper, 
and the condition of the negative ; it may generally be known by the exposed portions 
of the yellow bichromate surface becoming a diirk olive colour; the printing should 
then be stopped, and the paper coated with transfer ink. Pap(*r recently jiropared 
requires rather longer exposure than that two or thrive days old, as, if the latter be 
darkly printed, it is almost impossible to wash off the superfluous ink. 

' To make the transfer ink, 3 ounces of Burgundy pitch are melted in an iron sauce- 
pan, ^ an ounce of white -wax, and J an ounce of ]>alm-oil are added, and then by de- 
grees 1 ounce of finely-powdered bitumen of Judma ; the mixture is stirred and heated 
over a fire until it commences to burn ; after the flame is extinguished by the lid of 
the saucepan, 8 ounces of best lithographic printing ink, rubbed up with 4 ounces of 
middle lithographic varnish are gradually added, and when uniformly mixed, the 
composition is ground in small portions on a liot slab with a stone muller. 

‘ vj^D this ink is required for use, a little of it is spreiid upon a stone and thinned 
with turpentine, according to the consistency required for the nature of tlio work about 
to bo transferred. To coat the paper, a lithographic stone is uniformly inked with a 
printing roller chai^^ with the composition, the sun-print is laid face downwards on 
the stone, and passed through a lithographic press in a dark room ; it is detached from 
the stone, reversed in position, and passed through the press a second time to ensure 
a sufficient and uniform coating of ink. After the print has been inked, it is floated 
face upwards on water at about ^ 90° Fahr., for a few minutes, when by an unequal 
swelling of the gelatine the detail of the image can be distinguished. To prevent 
stains, that would inevitably i^il fine work, it is necessary that no water be allowed 
to fiiU upon the £sce of the print while it is floating. After a few minutes, the paper 
is raised from the suxfsceof the water, and laid evenly, with the inked face uppermost, 
^ a slightly-inclined surface of glass or earthenware, and a fine soft sponge dipped in 
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tepid water is ropoateclly passed over it with a light hand, plenty of water being used ; 
tliis romovos the gelatine and bichromate that have not been affected by light, and 
they carry off with them the ink that was on their surface, leaving it only on the parts 
of tlie print that have been rendered insoluble. Very gentle friction should be used, 
and (luring the process of sponging, the print should be soaked face downwards in 
warm water for a few minutes, to assist in loosening the ink and removing the gelatine. 
Soaking in this manner, f(^r some little time, has a great effect in preventing blemishes, 
in lessening the amount of friction which is sometimes liable to break up the finer 
parts of the print, and in the case of sensitive paper, over-exposed to light, of im- 
proving the resulting transfer. When the chromo-carbon print is sharp and clear, it 
should bo well washed with tepid water so as to remove every trace of soluble gelatine, 
as if any intervened between the inky surface and the zinc plate (or lithographic stone) 
with which it is to ho pressed in contact, there would be a flaw in the trjinsfer. After 
this washing, the print is dried and transfernHl to zinc or stone, in the same way as 
an ordinary tracing in lithographic ink, only from the ink not having been long 
exposed to the atmosphere, it is seldom necessary to pass it more than once through 
the press. 

‘ The same number of impressions can bo obtained as if the transfer had been effected 
by moans of a tracing in grtsasy ink. 

‘In reproducing a large-sized map by photozincography, a series of rectangles are 
drawn on it suitable to the size of the ciimera, and negatives are taken which shall 
overlap each portion, tlio chromo-carbon prints from these being joined together before 
they are transferred to the zinc-plate. To ensure a good result, the negatives should 
be as nearly as possible of uniform density, the prints finished with a corresponding 
thickness of ink on their surfaces, and the joining effected by cutting away the over- 
lapping portions in such a manner as not to interfere with the nanu^s or prominent 
objects on the map. In this way photozincographs exceeding 3 feet in length l)y 2 
foot in breadth have been successfully prepared. 

‘Photozincography has also been applied to the representation of buildings, natural 
objects, scenery, &c., with more or less success, according to the strength of the con- 
trasts of light and shade presented by tlio object; the difficulty being to obtain fine 
gradations of shade or lialf-tono. In this applicfition of the art, the glass negatives 
taken are left in the same condition as they would be used for making ordinary silver 
prints of views and scenery, for if they were intensified with corrosive sublimate and 
ammonium hydro-sulphate, as described in copying maps and engravings (where sharp 
lines are required), all gradations of shade would be destroyed. 

‘ Chromo-carbon prints arc made from these negatives in the manner before described, 
and transferred to zinc, the only difference in their preparation being that the paper 
coated with hicliromate and gelatine is kept from four to five days after preparation 
before being printed upon, and the transfer-ink is a little more burnt, when being 
prepared, than the ink that is used for prints without gradations of shade ; considera- 
ble experience is necessary in washing the prints so as to bring out the full effect of 
the shadow's, and much of the success of the process also depeiKls on the skill and care 
of the zinc-printcr. An application of glycerine to the zinc-plate is found to assist 
materially in keeping the transfer clean, and preventing the fine portions from being 
clogged with ink; 1 ounce of glycerine is added to 1 pint of freshly-dissolved gum 
Arabic of the usual consistency, made neutral to test-paper by the addition of lime- 
water, and 2 ounces of this mixture added to 12 ounces of water are used for wiping 
over the surface of the plate ; the addition of the glycerine seems to keep the surface 
moist for a longer time than the simple application of water, and renders tlie roller 
less liable to ‘ catch.’ Glycerine is also used in this manner in ordinary zincographic 
2 irinting, when a very large number of impressions are required from a plate. 

‘ Photozincographic views of natural objects generally have a better effect when 
printed on tinted and enamelled paper than on an ordinary white ground, and paper 
so coated adds materially, by lifting the ink better than a plain surface, in keeping 
the transfer in gocxl condition on the zinc. A paper of an agreeable tint may be pre- 
pared witli the following composition : — 

Size melted in 10 pints of water 
Zinc white, ground in water and weighed wet 
Oxide of iron ...... 

Chrome yellow . . . . • 

Vermilion 

‘ The mixture is brushed while warm over the paper, any streaks being obliterated 
with a flat camors-hair brush ; and when the coating is dry, a second layer is applied in 
a similar manner.’ 


. 20 oz. 

. 14 lbs. 

. 3 oz. 

. 200 grains. 
30 



m PICRIC ACID 

rarauJEO AOZS. a crystallised substance produced by the action of nitric 
goid on ru bian. See Haddsb. 

raraoOSJLPKT. See Natuek-Pbinting. 

KASBABA nWB, obtained from the Jttaleafunifcra, and used in Brazil for 
rope-making. It is this palm which also yields Coquilla nuts. 

BXOAJMIABB* A colourless oil in wood-tar, discovered by Roiclienbach. See Dis- 
TiLLATioK, DssTBUCTtvx ; Napiitha ; PnioxiLic Spirit. 

BZOAXAS are yarious kinds of vegetables and fruits preserved in vinegar. The 
preparation of pickles belongs rather to a book on cookery. The peculiar and 
beautiful green colour which has been frequently imparted to pickles is duo in 
nearly all cases to the use of a salt of copper. This is in the highest degree injurious, 
and cannot be too strongly deprecated. The presence of copper may be detected by 
putting the blade of a perfectly clean knife, or still better, a polished piece of soft 
iron, into the suspected pickle ; it will, if copper bo present, become coated in a sliort 
time with a cupreous film. It is satisfactory to find that most of our largo pickle- 
manufacturers are content to sacrifice the colour, at one time so much looked 
to ; and they now furnish the public with pickles which arc free from any metallic 
contamination. 

PZCOUXrSp (C®K^). A nitryle base, isomeric with aniline, discovered 

by Anderson in coal-naphtha and bono-oil. It is also contained in the shale-naphtha 
and crude chinolino. 

PZCRZC ACZB. One of the products of the action of nitric acid upon phenol : 
it may also be obtained from a considerable number of other organic compounds, 
amongst which may be mentioned an Australian resin, from Xanthorrhxa hastUin (Steu- 
house), salicin, indigo, &c ; but the best source is undoubtedly impure phenol, or even 
tlio coal-tar oils that distil at 1 80° and 200° Cent. (Laurent). See Carbolic Acid. 

The reaction between nitric acid and phenol is very violent. It is therefore 
necessary to observe many precautions when operating upon considerable quantities 
of material. When the first violent action has ceased, fresh quantities of nitric acid 
are added, and the mixture is heated in order to facilitate the reaction. On allowing 
the mixture to cool, after having added water, a yellowish, very bitter mass is 
obtained, which is washed with water in order to remove the excess of nitric acid. 
This mass consists of impure picric acid, aud treated wdth cold or hot W'ater, it 
furnishes solutions which, w’hen filtered, may be employed for the ordinary processes 
of dyeing. 

It is, however, preferable to purify the acid and to prepare it in the crystallised 
condition. 

For this purpose two processes may bo employed. The yellow mass may be 
extracted by boiling water sufficiently acidulated with siilpliiiric acid to render com 
parativoly insoluble the yellow resinous matters. (T]ics(; yellow* matters are ju’oduced 
by an incomplet(; transformation, partly of the phenol, but principally of the neutral 
oils, and other foreign matters accompanying it, and which have also been alhicked by 
the nitric acid.) Tlie picric acid crystallises from the solution (the more easily for 
being acidulated with sulphuric acid), and is deposited in the form of crystalline 
plates of a light yellow colour. But these crystallisations cause the loss of a con- 
siderable quantity of substance, and by no means eliminate completely the yellow 
tarry matter. It is therefore better to convert the impure acid into a salt which may 
be easily purified, and aft-orwards to precipitate the acid from it. The picrato of 
potassium is very applicable for this purification, as it is only slightly soluble in cold 
water, whilst it is readily soluble in boiling. 

But in operating upon a large scale, the filtration of large quantities of the salt 
becomes extremely difficult, as the liquids, even when boiling and conUuntKl in heated 
fhnnels, have a great tendency to crystallise on the filters, which then become 
choked. 

Several manufacturers therefore adopt another process, which consists in saturating 
a boiling solution of picric acid with carbonate of soda, excess being avoided, for 
fear of dissolving the yellow resinous matter. The boiling matters are filtered to 
separate tins resin, and to the filtrate a further quantity of carbonate of soda is 
added. This causes the bulk of the picrate of soda to crystallise out, as this salt 
is nearly insoluble in solutions containing an excess of alkaline carbonate. The small 
quantity of picrate still remaining in the mother-liquors may bo precipitated by the 
addition of a salt of potassium. 

The cr^'stallised picrato of soda thus obtained is then dissolved, and its boiling 
solution is decomposed by an excess of sulphuric acid. The picric acid thus separated 
being vary insoluble in the mother-liquors containing the acid sulphate of soda, 
OtystalUses almost entirely on cooling; when drained, washed with a little cold water, 
and pressed, it is almost chemically pure. 
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Pio.ric acid is used for dyeing silk and wool of a yellow colour. Its colouring power 
is very considerable, and it exhibits a great affinity for nitrogenised substances. The 
colour resists the action of light very well, but it is somewhat affected by washing, 
particularly with soap. It is rendered more stable by mordanting the material wiUi 
alum. 

Cotton, hemp, and flax, do not show any affinity for picric acid. The acid may 
therefore be employed to distinguish silk and wool from cotton and flax. For this 
purpose it is only necessary to plunge the tissue in a boiling solution of picric acid, 
and then wash in water. The silk and wool will assume an intense yellow colour, 
whilst the cotton and flax remain perfectly colourless. 

The use of picric acid for dyeing purposes was first suggested by M. Guinon of 
Lyons, in 1845. 

Picric acid, under the influence of reducing agents, produces other colouring- 
matters ; treated with ferrous salt and an alkali, for example, it produces a red acid 
(Wohler’s nitro-hsematic acid). Under the influence of cyanide of potassium, again, 
it gives rise to a purple potassium salt (Mr. Hlasiwetz’s isopurpurate of potassium). 
This purpurate, treated with an ammoniacal salt, produces an ammonaical compound, 
which, when applied to dyeing, acts like the niuroxide of uric acid, giving, in fact, 
precisely the same tints. Under the influence of chloride of tin, picric acid may even 
produce, blue, purple, and red colouring-matters ; but the nature of these substances 
is very little known, and not one of them has as yet (1862) received any practical appli- 
cation. — Hofmann. 

Instead of free picric acid, the alkaline picrates have been used in dyeing. This 
practice is to be condemned since tliese salts are highly explosive, and are indeed used 
on the Continent as explosive agents. Picrate gunpowder is prepared, in which 
picrato of potash replaces saltpetre. Picrate of ammonia enters into the composition 
of many coloured fires. The isopurpurate of potash mentioned above is now used as 
a dye under the French name of Grenat soluble. 

PZC&OM&& is the name given by M. Thenard to a black bitter principle which 
ho supposed to be peculiar to the bile. MM. Gmelin and Tiederaann have since called 
its identity in question. 

PZC&OTOXnr {Pwrotoxic acid) is an intensely bitter poisonous vegetivble 
principle, extracted from the seeds of the Menispermiim cocculvs (Cocculus Indicus), 
It crystallises in small white needles, dissolving in boiling water and in alcohol. It 
does not combine with acids, but forms combinations with alkalis. 

PZBTltik BXnHA. Ornamental w'ork, executed in coloured stones, representing 
flowers, fruits, birds, and the like. The Florentine work and the inlaid marble v/orl: 
of Derbyshire are of this character. 

PIG* ZROXr. See Iaon. 

PZOnCZnrrs. See CoLOtrns ; Paints. 

PZPZBlflrTO. {Myrtles pimenta, Linn. ; Etigenia ^imentay De Candolle.) Allspice, or 
Jamaica popper. This plant is cultivated in Jamaica in regular Pimento walks. The 
full sizod-fruit is gathered green and sun dried, during which process it is frequently 
immersed. It is sent to the Fmglish market in bags of 1 cwt. each. This fruit con- 
sists, according to Bonastre’s complicated analysis, of : — 




Shells or capsules 

Kernels 

Volatile oil 


10-0 

50 

Green oil 


8-4 

2*5 

Concrete oil 


0-9 

1-2 

Extract containing tannin 


11-4 

39-8 

Gummy extract . , . , 


30 

7-2 

Brown matter dissolved in potash , 


40 

8*0 

Resinous matter . . , , 


1-2 

3-2 

Sugar, uncrystallised . 


3-0 

80 

Gallic and malic acids , 


0-6 

1-6 

Vegottible fibre .... 


50-0 

16-0 

Ashes charged with salts 


2-8 

1*9 

Moisture and loss .... 


4*1 

4*8 


or Betel Nut. See Abeca. » 

PnrOBBW. A yellow metal, composed of 3 ozs. of zinc to 1 lb. of copper. 
See Alloys ; Brass. 

pnrocNPPzir, or Alizurtne co^n-McrcuiU! — ^Under thoso n5ni6Si some yoftn ago, 

vot. m. p p 
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ICesiM. Pinooff and Co*, of Manchester, brought into the market a garancin which 
yields reiy fine violet tints -without requiring clearing. The other colours obtained 
with it are equally satisfactory. Pincoffin is a garancin prepared, and more especially 
warfied, with the greatest care. It is made as neutral as possible, and then exposed 
to a heat above 100° C., by means of high-pressure steam. Under these circum- 
stances, a certain quantity of brown colouring-matter is destroyed or rendered inert, 
and the dried product immediately yields fine tints. 

TflfUnATFM TAJUr and C&OTB. In Mr. Zincke's process, patented in 
December 1886, for preparing the filaments of this plant, the Bromelia Ananas, the 
leaves being plucked, and deprived of the prickles round their edges by a cutting 
instrument, are then beaten upon a wooden block with a wooden mallet, till a silky- 
looking mass of fibres is obtained, which are to be freed by washing from the green 
fecula. The fibrous part must next bo laid straight, and passed between wooden 
rollers. The leaves should be ^thered between the time of their full maturity and 
the ripening of the fruit. If earlier or later, the fibres will not be so flexible, and will 
need to be cleared by a boil in soapy water for some hours, after being laid straight 
under the pressure of a wooden grating, to prevent their becoming entangled. When 
well washf^ and dried, with occasional shaking out, they will now appear of a silky 
fineness. They may be then spun into porous rovings, in which state they are most 
conveniently bleached by the ordinary methods. 

FSraS. A numerous family of cone-bearing timber trees. The wood, which is 
extensively used, is imported under the names of American, Baltic, Dantzic, Memel, 
Norway, and Riga timber, Swiss deals, &c. The New Zealand pine, called also the 
Cowdie or Kaurie (the Dammara Australis), is not a true pine. 

The Pinus sylvestris. The wild pine, or Scotch fir, yields the yellow deal. 

The Abies excelsa. The Norway spruce-fir, the white deal. See Abiks. 

The Abies picea. The silver fir, a whitish deal, much used for flooring. 

The Larix Europaa. The larch. This wood is much employed in Switzerland. 

The Pinus strobus. The Weymouth pine, is much used in the Northern United 
States. 

The Pinus Australis. The southern pine, yellow pine, or pitch pine. Of this 
wood nearly all the houses of the Southern United States are built. It is imported 
into Liverpool as the Georgia pitch pine. 

There are numerous others, ns the American larch, the balm of-Gilead fir. the 
spruce-firs, &c., which are employed in various districts for ship and house building, 
but they scarcely require any special notice bore. 

vznr TA&XiOW is a concrete flit obtained by boiling with water the fruit 
of the Vateria indica, a tree common upon the Malabar coast. I t seems to be a sub- 
stance intermediate between tallow and wax ; partaking of the nature of stearino. It 
melts at 97^° F., is white or yellowish, has a spec. grav. of 0-926 ; is saponified by 
allcalis, and forms excellent candles. Dr. Benjamin Babington, t-o w’hom we are 
indebt^ for all our knowledge of piney tallow, found its ultimate constituents to be, 
77 of carbon, 12*3 of hydrogen, and 10*7 of oxygen. See Oil.s. 

FZSr BKAJIOTACTinUl. {Fahrique d!tpingles, ]iT. -, Baddfahrik, Out.) A pin 
is a small bit of wire, commonly brass, with a point at one end and a spherical head 
at the other. In making this little article, there are no less than fourteen distinct 
operations : — 

1. Straightening the wire. The wire, a.s obtained from the drawing-frame, is wound 
about a bobbin or barrel, about 6 inches diameter, wdiich gives it a curvature that 
must be removed. The straightening engine is formed by fixing C or 7 nails upright 
in a waving line on a board, so that the void space measured in a straight line 
between the first three nails may have exactly the; thickness of the wire to be 
trimmed ; and that the other nails may make the wire takc^ a certain curve line, 
which must vary with its tliickness. The W'orkman pulls the wire with pincers 
through among these nails, to the length of about 30 feet, at a running draught ; 
and after be cuts that off, he returns for as much more ; he can thus finish COO 
fathoms in the hour. He next cuts these long pieces into lengths of 3 or 4 pins. A 
day’s work of one man amounts to 18 or 20 thousand dozen of pin-lengths. 

2. PomtinQf is executed on two iron or. steel grindstones, by two workmen, one of 
whom roughens down, and the other finishes. Thirty or forty of the pin wires are 
applied to the grindstone at once, arranged in one plane, between the two forefingers 
and thumbs of boA bands, which dexterously ^ve them a rotatory movement. 

3. Cutting these wires into pin-lengths. This is done by an adjusted chisel. The 
intermediate portions are handed over to the pointer. 

4. l^eietmg of the wire for pin-heads. These are made of a much finer wire, 
coiled into a compact spiral, round a wire of the size of the pins, by means of a small 
‘lathe constructed for the purpose. 
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6. Cutting the heads. Two turns are dexterously cut off for each head, by a regu- 
lated chisel. A skilful workman may turn off 12,000 in the hour. 

6. Annealing the heads. They are put into an iron ladle, made red-hot over an open 
fire, and then thrown into cold water. 

7. Stamping or shaping the heads. This is done by the blow of a small ram, raised 
by means of a pedal lever and a cord. The pin-heads are also fixed on by the same 
operative, who makes about 1,500 pins in the hour, or from 12,000 to 15,000 per 
diem, exclusive of one-thirteenth, which is always deducted for waste in this depart- 
ments as well as in the rest of the manufacture. Cast heads, of an alloy of tin and 
antimony, wore introduced by patent, but never came into general use. 

8. Yellowing or cleaning the pins., is effected by boiling them for half an hour in sour 
beer, wine lees, or solution of tartar ; aftc*r which they are washed. 

9. Whitening or tinning. A stratum of about 6 pounds of pins is laid in a copper- 
pan, then a stratum of about 7 to 8 pounds of grain tin ; and so alternately till the 
vessel bo filled ; a pipe being left inserted at one side, to permit the introduction of 
water slowly at the bottom, without deranging the contents. When the pipe is with- 
drawn, its space is filled up with grain tin. The vessel being now set on the fire, and 
the water becoming hot, its surface is sprinkled with 4 ounces of cream of tartar ; after 
which it is allowed to boil for an hour. The pins and tin grains are, lastly, separated 
by a kind of cullender. 

10. Washing the pins, in pure water. 

11. Drying and polishing them, in a leather sack fdh d with coarse bran, which is 
agitated to and fro by two men. 

12. Winnouring, by fanners. 

13. Dricking the papers, for receiving the pins. 

14. Papering, or fixing them in the paper. This is done by children, who acquire 
the habit of putting up 36,000 per day. 

The pin manufacture is one of the grcate.st prodigies of the division of labour ; it 
furnishes 12,000 articles for the sum of three shillings, w’hieh have required the 
united diligence of fourteen skilful operatives. 

The above is an outline of the mode of manufacturing pins by hand labour; but 
several beautiful inventions have been employed to make them entirely, or in a grout 
measure, by machinery; the consumption for home sale and export amounting to 15 
millions daily, for this country aloue. A detailed description of it will bo found in 
the 9th volume of ‘ Newton’s London Journal.’ The following outline will give the 
reader an idea of the structure of Mr. L. W. Wright's ingenious machine for pin- 
making : — 

The rotation of a principal shaft mounted with several cams gives motion to 
various sliders, levers, and wheels, which work the different parts. A slider pushes 
pincers forwards, which draw w'ire from a reel, at every rotation of the shaft, and 
advance such a length of ■wire as will produce oue pin. A die cuts off the said 
length of wire by the descent of its upper chap ; the chap then opens a carrier, which 
takes the pin to the pointing apparatUvS. Here it is received b}' a holder, which turns 
round, w'hile a bevel-edged file-wheel rapidly revolves, and tapers the end of the wire 
to a point. The pin is now conducted by a second carrier to a finer file-wheel, in 
order to finish the point by a second grinding, A third carrier then transfers the 
pin to the first heading die, and by the advance of a steel-punch the end of the pin 
ware is forced into a recess, whereby the head is partially swelled out. A fourth 
carrier removes the pin to a second die, where the heading is perfected. When the 
heading-bar retires, a forked lever draws the finished pin from the die, and drops it 
into a receptacle below. 

The following is a further detail of this very interesting manufacture : — 

In pin-making the wire is brass, (a compound of copper and zinc) : it is reduced by 
the ordinary process of wire-drawing to the requisite thickness : in this process it is 
necessarily curved. To remove this it is re-wound, and pulled through between 
a number of pins arranged at the draw or straightening bench ; it is then cut into 
convenient lengths for removal, and finally reduced to just such a length as will make 
two pins. The pointing is done upon steel mills (revolving wheels), the circum- 
ference of which is cut with teeth, the one fine, the other cojirse. Thirty or forty 
lengths are packed up at once, and, as in needle-making, the cast of hand given by 
the workman makes them revolve, and the whole are pointed at once; the same 
operation is performed with the other end. The process of heading is next performed 
ns follows : a number of the pointed wires now cut in two, are placed in the feeder of 
the machine ; one drops, is firmly seized, and hy means of a pair of dies, a portion of 
the metal is forced up into a small bulb; by a beautifully simple and automatic 
arrangement, it is passed into another, when a small horizontal hammer givefl it 
a sharp tap, which completes the head. The white colour is produced by boiling in 
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a solution of cream of tartar and tin. They are then dried, and pssed into the 
hands of the wrappers-up'. The preparation for marking the paper is peculiar, and 
is done by means of a moulded piece of wood, the moulds corresponding to those 
portions which represent the small folds of paper through wliicli the pins are passed, 
and thereby held. The pins are then taken to the paperers, who are each seated 
in £ront of a bench, to which is attached a horizontally-hinged piece of iron, the 
edge of which is notched with a corresponding number of marks to the number 
of pins to be stuck ; the small catch •w'hich holds together the two parts of the iron is 
released, the paper introduced, and a pin inserted at every mark ; the paper is then 
released, and the task of examination follows, which is the work of a moment. 
The paper of pins is held so that the light strikes upon it : those defective are imme- 
diately detected by the shade, are taken out, and others substituted in their stead. An 
ancient edict of Henry VIII. held that ‘ no one should sell any ])ins but such as were 
double-headed, or the heads soldered fast on.’ 

An improved pin has been introduced, in w’hich iron or steel wires have been em- 
ployed. The iron or steel wire employed should bo very round, and, to protect it 
from rust, it should, at the last drawing, bo lubricated by means of a sponge salurntod 
with oil, placed between the draw-plate and reel. 

The following is the process adopted with these : — The wire being cut into pins 
and these headed and pointed, all according to the usual methods, the pins are throvm 
into a revolving cylinder of wood containing a bath of soap-and- water in a hot state. 
It is of the capacity of about 9^ gallons, but should not contain more than about- 
1^ gallon of water, with about 2 ounces of soap dissolved therein, a s this quantity will 
bosufficient for the treatment of about 13^ lbs. w'eight of pins at a time. The cylinder, 
when thus charged, is made to revolve for about a quarter of an liour ; at the expini- 
tion of which time the pins are found free from the oil with which they wore pre- 
viously coated, and also very much smoothed and polished by their rubbing one 
against the other. 

The pins are next dried by transferring them to another cylinder partially filled 
with well-dried sawdust (preferring for the purpose the sawdust of poplar wood), and 
causing this cylinder to revolve for about ten minutes ; or, instead of employing a 
cylinder of this description, the pins may bo thrown into a bag or bags partially filled 
with sawdust, and the requisite friction produced by swinging or rolling those 
bags about for the same length of time. 

Into a glass or stone vase, there are put about H gallon of saltwater, /^^hs of a 
pound of sulphuric acid, lb. of salt of tin, lb. of crystallised sulphate of zinc, 
and 100 grs. of pure sulphate of copper. This mixture is left to work for about 21 
hours, so that the salts and sulphates may be properly dissolved. 

The mixture, prepared as directed, is introduced into another revolving c}dinder, 
and pins about 13^ lbs. weight are thrown into the midst of it. Tlie e^dinder is then 
caused to revolve for about half an hour, which serves at once to remove any verdigris 
from the pins, to impart a high polish to them, and to give a beginning to the copper- 
coating process. At the end of the half hour or thereabouts, 232 grs. of crystallised 
sulphate of copper in coarse powder, and 160 grs. of crystallised sulphate of zinc, 
previously dissolved in soft water, are added to the mixture in the cylinder, and 
the whole again agitated for about a quarter of an hour. The pins are by this opera- 
tion not only completely coated, but acquire a very considerable degree of polish. The 
copper liquors being drawn off, the pins are washed with cold water in the rotating 
(wiinder, and afterwards in a tub with soap-and-water out of contact with air, where 
tuey are well shaken. The contents of the tub are then emptied into a wooden strainer, 
having a perforated bottom of tin-plate iron. The pins are finally dried by agitation 
with dry sawdust. 

tinning and Uanohing are performed by laying the pins upon plates of very thin 
tin placed one above another, in a tinned copper boiler containing a solution of about 

lbs. of crude tartar or cream of tartar, in about 22 gallons of water, and then 
setting the whole to boil for about 12 hours. The tartar solution should bo prepared 
at least 24 hours previously. A little more cream of tartar improves the brilliancy of 
the pins. 

See PiNSS. 

FZraOXJLT« A hydrous silicate of alumina, found in Devonshire and some 
other parts, used in the manufacture of tobacco-pipes. See Clay. 

A volatile base, discovered by Anderson, by acting with potash 
on the product of the action of nitric acid on piperine. It may also bo procured by 
treating pi perine with potash. It has been chiefly studied by Cahours. 

^ VXnUn is a civstalline principle extracted from black pepper, by means of 
i^hol. It is colourless, has hardly any taste, fuses at 212° F. ; is insoluble in water, 
but soluble in acetic acid, ether, and most readily in alcohol. 
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PZPBBTOirS. A variety of clay slate. See Catlinite. 

PZ80UTB. The peastone. See Limestone. 

PZBO&ZTZC ZBOSr ORB. An ore made up of small nodules, like peas. See 
Iron. 

PZTA HBMP. The fibre of the American aloe {Agave Amerwana), used for tex- 
tile fabrics, and in paper-making. 

PZTCBBBBZTBB. An ore of uranium. See Uranium. 

PZTCB, MZIZBRAB, is the same as Bitumen and Asphalt, which see. 

PZTCB of wood-tar {Poix, Fr. ; Peck, Ger.) is obtained by boiling tar in an open 
iron pot, or in a still, till the volatile matters are driven off. Pitch contains pyro- 
ligneous resin along with colophony (common rosin), but its principal ingredient is 
the former, called by Berzelius pgretine. It is brittle in the cold, but soft,ens and 
becomes ductile with heat. See Tar. 

PZTCBSTOirB. A volcanic rock resembling obsidian, but having a pitchy 
rather than a glassy lustre. 

PZT-COAB. See Coal. 

PZTTACAB, from two Greek words, signifying is one of the principles 
detected in w’ood-tar by Beichenbach. It is obtained by adding baryta-w’ater to a 
solution picamar, or of oil of tar deprived of its acid, when the pittacal falls. It is 
a dark blue solid substance, somewhat like indigo, and assumes a metallic lustre on 
friction. It is void of taste and smell, not volatile ; carbonises at a high heat without 
emitting an ammoniacal smell ; is soluble or rather very diffusablo in water ; gives a 
green solution, with a cast of crimson, in sulphuric acid, with a cast of red-blue in 
muriatic acid, and with a cast of aurora-red in acetic acid. It is insoluble in alkalis, 
and in alcohol and ether. It dyes a fast blue upon linen and cotton goods with tin 
and aluminous mordants. 

PXiAGZOCXiASE. 8ee Felspar. 

PBAIVE TRBE. The Platan us occidentalism one of the largest of the Ameri(!an 
trees. The wood of the plane tree is much used for quays ; it is also employed for 
musical instruments, and for other works requiring a clean light-coloured wood. Tlie 
False Plane, or Sycamore, is one of the Maple family {Acer pseudo-platamis). 

PZiAlTTAZir. See Banana. 

PBABUCA. a translucent chalcedony, of a grcjenish colour and a glittering lustre. 

PZhASTBR. See Mortar. 

PXhBSTBR OP PARZS. See Alabaster .and Gypsum. 

PZiASTZC CZAT. Any clay which, when in a moist state, may bo kneaded 
between the fingers, and admits of being moulded into a definite form. 

Plastic clay is not confined to any particular strata, but is found in secondary and 
tertiary formations, and also in deposits derived from the decomposition of other 
rocks. In geological nomenclature, however, the term Plastic Clay is applied to those 
portions of the Lower Tertiary or Eocene strata which intervene between the Chalk and 
the London clay, in consequence of some of the beds of clay of which they are com- 
posed being of a plastic nature. Some of the earliest pottery made in the country was 
manufactured from these clays, dug up at Crendlo Common, near Cranborne, in Dorset- 
shire, where, as well as at Newport in the Isle of Wight, Fareham in Hants, &c., the 
clay is still dug and converted into pottery. The clay from the Plastic Clay series is 
generally of a bright brick-red colour, frequently mottled with white, but sometimes 
(as at Crendle) it is dark purple or nearly black towards the lower part, and this clay 
is said to bo the best as regards quality. The clays of the Plastic Clay bum to a 
red colour, and are manufactured into bricks, tiles, flower-pots, and other coarse 
pottery.— H. W. B. 

The Plastic Clay series, between the Thanet Sand and the London Clay, is now 
generally known by Mr. Prestwich’s name of the Woolwich and Beading beds. 

PXATBoCXiBAXB'ZBrO. Boil 30 grms. of finely-powdered and calcined hartshorn 
in a quart of water, and while on the fire put as many silver articles in the vessels 
used for boiling as it will hold, and leave them there for a short time ; then withdraw 
them, and dry them over the fire ; continue this until all the articles have been 
treated in the same manner; then introduce into the hartshom-water clean woollen 
rags, and allow them to remain until saturated, after which dry them, and use them 
for polishing the silver. This is also the best substance for cleaning locks and brass 
handles of room-doors. When the silver articles are perfectly dry, they must be care- 
fully rubbed with a soft leather. This mode of cleaning is excellent, and much pre- 
ferable to the emjdoyment of any powder conbiining mercury, as mercury has the effect 
of rendering the silver so brittle as to break on falling. 

PZATB OBABB. See Glass. 

PXiATBD MABIITACTVRB. {Fahrique de plaque, Fr. ; Silber Plaitirung, 
Ger.) The silver in thi>s case is not applied to ingots of pure copper, but -to an 
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alloy oonsistiiig of copper and brass, which possesses the requisite stiffness for tlie 

Tarious arddee. 

The fhmaee used for melting that alloy, in black-lead crucibles, is a common air< 
furnace,^ like that for making brass. See Brass. 

The ingot*moulds are made of cast iron, in two pieces, fastened together; the 
cavity being of a rectangular shape, 3 inches broad, 1 ^ thick, and 18 or 20 long. 
There is an elevated mouth-piece or gate, to give pressure to the liquid metal, and 
secure solidity to the ingot. The moiSd is heated till the grease with which its cavity 
is besmeared merely begins to smoke, but does not bum. The proper h^t of the 
melted metal for casting, is when it assumes a bluish colour, and is quite liquid. 
Whenever the metal has solidified in the mould, the wedges that tighten its rings are 
driven out, lest the shrinkage of the ingot should cause the mould to crack. 

The ingot is now dressed carefully with the file on one or two faces, ^cording as 
it is to be single- or double-plated. The thickness of the silver plate is such as to 
constitute one fortieth of the thickness of the ingot ; or when this is an inch and a 
quarter thick, the silver plate applied in one thirty-second of an inch; being by 
weight a pound troy of the former, to from 8 to 10 pennyweights of the latter. The 
silver, which is slightly less in size than the copper, is tied to it truly with iron wire, 
and a little of a saturated solution of borax is then insinuated at the edges. This salt 
melts at a low heat, and excludes the atmosphere, which might oxidise the copper, 
and obstruct the union of the metals. The ingot tluis prepared is brought to the 
plating furnace. 

The furnace has an iron door with a small hole to look through ; it is fed with coke 
laid upon a grate at a level with the bottom of the door. The ingot is placed imme- 
diately upon the coke, the door is shut, and the plater watches at the peep-hole the 
instant w’hen the proper soldering-temperature is attained. During the union of the 
silver and copper, the surface of the former is seen to be drawn inU) intimate contact 
with the latter, and this species of riveting is the signal for removing the compound 
bar instantly from the furnace. Were it to remain a very little longer, the silver 
would become alloyed with the copper, and tlio plating be thus completely spoiled. 
The adhesion is, in fact, accomplished here by the formation of a film of true silver- 
solder at the surfaces of contact. 

The ingot is next cleaned, and rolled to the proper thinness between cylinders, as 
described under Mint ; being in its progi*ess of lamination frequently annealed on a 
small reverberatory hearth. After the last annealing, the sheets are immersed in hot 
dilute sulphuric acid, and scoured with fine Calais sand ; they are then ready to bo 
fashioned into various articles. 

In plating copper-wire, the silver is first formed into a tubular shape, with one 
edge projecting slightly over the other; through which a red-hot copper cylinder 
being somewhat loosely run, the silver edges are closely pressed together with a steel 
burnisher, whereby they get firmly united. The tube thus completed is cleaned in- 
side, and put on the proper copper rod, w'hicli it exactly fits. The copper is left a 
little longer tlian its coating tube, and is grooved at the extremities of the latter, so 
that the silver edges, being worked into the copper groove, may exclude the air from 
the surface of the rod. The compound cylinder is now boated red-hot, and rubbed 
briskly over with the steel burnisher in a longitudinal direction, whereby the two 
metals get firmly united, and form a solid rod, ready to be drawn into wire of any re- 
quisite fineness and form ; as flat, half-round, fluted, or with mouldings, according to 
the figure of the hole in the draw-plate. Such wire is much used for making bread- 
baskets, toast-racks, snuffers, and articles combining elegance with lightness and eco- 
nomy. The wire must be annealed from time to time during the drawing, and finalJy 
cleaned, like the plates, with dilute acid. 

Formerly the different-shaped vessels of plated metal were all fashioned by tlio 
hammer ; but every one of simple form is now made in dies struck with a drop-ham- 
mer or stamp. Some manufacturers employ 8 or 1 0 drop machines. 

FiffS. 1628 and 1624 are two views of the stamp : a is a large stone, the more massy 
the better ; d, the anvil on which the die, c, is secured by four screws, as shown in the 
gmund plan, 1026. In 1623, a a are two upright square prisms, set dijigonally 
with the angles opposed to each other ; between which the hammer or drop, <?, slides 
taruljr, by means of nicely-fitted angular grooves or recesses in its sides. The hammer 
is raised by pulling the rope, /, which passes over the pulley, and is let fall from 
different heists, according to the impulse required. Vessels which are less in dia- 
meter at the top and bottom than in the middle, must either be raised by the stamp in 
two pieo^ or raised by a hand-hammer. The die is usually made of cast steel. 
When it is placed upon the anvil, and the plated metal is cut into pieces of proper 
sise, the top of the die is then suirounded with a lute, made of oil and clay, for an 
inch or two above its surface ; and the cavity is filled with melted lead. The under 
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fiico of the Btamp-hamTner has a plate of iron, called the licker-up, fitted into it, about 
the area of the die. Whenever the lead has become solid, the hammer is raised to a 



Certain height, and dropped down upon it ; and as the under face of tlio lii'kor-np is 
made rough like a rasp, it firmly adheres to tlio lead, so as to lift it afterwards with 
tlic hammer. The plated metal is now placed over the die, and the hammer, mounted 
with its lead, islet fall repeatedly upon it, till the impression on the metal is complete. 
If the vessel to bo struck be of any considerable depth, two or three dies may bo used 
of progressive sizes in succession. But it occasionally happens that when the vessel 
has a long coniail nock, recourse must be had to an auxiliary operation, called punch- 
ing. See tlio embossing punches, 1626. These are made of cast steel, with their 
hollows turned out in the lathe. The pieces, a b, arc of lead. The punching is per- 
formed b^ a series of those tools, of dififcrent sizes, beginning with the largest, and 
ending with the least. By this means a hollow cone, 3 or 4 inches deep, and 1 inch in 
diameter, may bo raised out of a flat plate. These punches are struck with a hand- 
hammer also, for small articles of too great delicacy for the drop. Indeed, it fre- 
quently happens that one part of an article is executed by the stamp and another by 
the hand. 

Cylindrical and conical vessels arc mostly formed by bending and soldering. The 
bending is ])erforra<'d on blocks of wood, with wooden mallets ; but the machine so 
much used by the tin-smiths, to form their tubes and cyliudric vessels (see the end 
sections, jigs. 1627, 1628), might be employed with advantage. This consists of 
3 iron rollers fixed in an iron frame, a, b, c, are the three cylinders, and a, h, c, d, 
the riband or sheet of metal passed through them to receive the cylindrical or conical 
curvmturo. The upper roller, a, <’an be raised or lowered at pleasure, in order to 
modify the diameter of the tube ; and when one end of the roller is higher than the other 
the conical curvature is given. The edges of the plated cylinders or cones are 
soldered with an alloy composed of silver and brass. An alloy of silver and copper 
is somewhat more fusible ; but tliat of brass and silver answers best for plated m(Jtal, 
the brass being in very small proportion, lest the colour of the plate be affected. 
Calcined borax mixed with sandiver (the salt skimmed from the pots of crown glass) 
is used along with the alloy, in the act of soldering. The seam of the plated metal 
being smeared with that saline mixture made into a pap with water, and the bits of 
laminated solder, cut small with scissors, laid on, the seam is exposed to the flame of 
an oil blowpipe, or to that of charcoal urged by bellows in a little forge-heeirth, till 
the solder melts and flows evenly along the junction. The use of the sandiver seems 
to be to prevent the iron wire that binds the plated metal tube from being soldered 
to it. 

Mouldings are sometimes formed upon the edges of vessels, which are not merely 
oruameuUil, but give strength and stiffhess. These are fashioned by an instrument 
called a swage, represented in Jigs. 1629, 1630. The part A lifts up by a joint, and 
the metal to be swaged is placed between the dies, as shown in the figures ; the tail, 






tween the bead and the edge. A similar effect is produced of late years in a neater 
and more expeditious manner by the rollers, 1631, 1633. Fig. 1632 is a section 
to show the form of the bead. The two wheels «, fig. 1631, are placed upon axes, 
two of which are furnished with toothed pinions in their middle ; the lower one being 
turned by the handle, gives motion to the upper. The groove in the upper wheel 
corresponds with the bead in the lower, so that the slip of metal passed through be- 
tween them assumes the same figure. 

The greatest improvement made in this branch of manufacture is the introduction 
of silver edges, beads, and mouldings, instead of the plated ones, which from their 
prominence had their silvef surface speedily worn off, and thus assumed a brassy look. 
The silver destined to form the ornamental edging is laminated exceedingly thin ; a 
square inch sometimes weighing no more than 10 or 12 grains. This is too fragile 
to bear the action of the opposite steel dies of the swage above described. It is 
necessary, therefore, that the sunk part of the die should be steel, and the opposite 
side lead, as was observed in the stamping ; and this is the method now generally 
employed to form these silver ornaments. The inside shell of this silver moulding 
is fill^ with soft solder, and then bent into the requisite form. 

The base of candlesticks is generally made in a die by the stamp, as well as the 
neck, the dish part of the nozzle or socket, and the tubular stem or pillar. The dif- 
ferent parts are united, some with soft and others with hard solder. The brandies 
of candlesticks are formed in two semi-cylindrical halves, like the feet of tea-urns. 
When an article is to be engraved on, an extra plate of silver is applied at the proper 
part, while the plate is still flat, and fixed by burnishing with great pressure over a 
not anvil. This is a species of welding. 

The last finish of plated goods is given by burnishing tools of bloodstone, fixed in 
sheet-iron cases, or hardened steel, finely polished. 

The ingots for lamination might probably be plated with advantage by the deliciite 
pressure process employed for silvering copper-wire. 

For the processes of Kectro-plating, see Electbo-Metallurgy. 

VabATUrVM (8^. Ft., At. wt. 98*5). A metal of a greyish-white colour, harder 
than silver, and of about double its density, being of specific gravity 21. It is so in- 
fusible, that no considerable portion of it can be melted by the strongest heats of our 
furnaces. It is unchangeable in the air and water ; nor does a white heat impair its 
polish. The only acid which dissolves it is the nitro-muriatic. 

Native Hatinvm in the natural state is never pure, being alloyed with several other 
metals.' It occurs only under the form of grains, which are usually flattened, and 
resemble in diape the gold pepitas. Their size is in general less than linseed, although 
in some cases they equal hemp-seed, and, occasionally, peas. One piece brought from 
Chooo, in Peru, and presented to the Cabinet of feerlin by M. Humboldt, weighs 
8824 wains, or more than 2 oz. avoirdupois. A lump of native platinum is in the 
Koyal Museum of Madrid, which was found in 1814 in the gold mine of Condoto, 
province of Novita, at Ohoco. Its size is ^ater than a turkey’s egg (about 2 inches 
one diameter, and 4 inches the other), and its weight 11,641 grains. In 1827 a speci- 
men was found in the Ural Mountains which weighed 11*57 pounds troy; tlie largest 
yet obtained being in the Bemidoff Cabinet, and weighing 21 pounds. 

The colour of the grains of native platinum is generally a greyish white, like tar- 
nished steel. The cavities of the rough grains are often filled with earthy and ferru- 
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ginous matters, or sometimes with small grains of magnetic oxide of iron, adhering to 
the surface of the platinum grains. Their specific gravity is also much lower than 
that of forged pure platinum ; varying from 16 in the small particles, to 18*94 in 
Humboldt’s large specimen. This relative likeness is owing to the presence of iron, 
copper, lead, and chromium, besides its other metallic constituents, palladium, osmium, 
rhodium, and iridium. 

Its main localities in the New Continent are the three following districts : — 

At Choco, in the neighbourhood of Barbacoas, and generally on the coasts of the 
South Sea, or on the western slopes of the Cordillera of the Andes, between the 2nd 
and the 6th degrees of north latitude. The gold-washings that furnish most platinum 
are those of Condoto, in the province of Novita ; those of Santa Bita, or Viroviro, of 
Santa Lucia, of the ravine of Iro, and Apoto, between Novita and Taddo. The 
deposit of gold and platinum grains is found in alluvial ground, at a depth of about 
20 feet. The gold is separated from the platinum by picking with the hand, and also by^ 
amalgamation ; formerly, when it was imagined that platinum might be used to debase 
gold, the grains of the former metal were thrown into the rivers, through which mis- 
taken opinion an immense quantity of it was lost. 

Platinum grains are found in Brazil, but always in the alluvial lands that contain 
gold, particularly in those of Matto-Grosso. The ore of this countiy is somewhat 
different from that of Choco. It is in grains, which seem to be fragments of a 
spongy substance. All the particles are nearly globular, exhibiting a surface formed 
of small spheroidal protuberances strongly cohering together, whose interstices are 
clean, and even brilliant. This platinum includes many small particles of gold, but 
none of the magnetic iron-sand or of the small zircons which accompany the Peruvian 
ore. It is mixed with small grains of native palladium, which may be recognised by 
their fibrous or radiated structure and particularly by their chemical characters. 

Platinum grains are found in Hayti, or Saint Domingo, in the sand of the river 
Jacky, near the mountains of Sibao. Like those of Choco, they are in small brilliant 
grains, as if polished by friction. The sand contjiining them is quartzose and ferru- 
ginous. This native platinum contains, like that of Choco, chromium, copper, osmium, 
iridium, rhodium, palladium, and probably titanium. Vauquelin could find no gold 
among the grains. 

Platinum is largely produced in the Russian territories, in the auriferous sands of 
Kuschwa, 250 worsts from Ekaterinbourg, and consequently in a geological position 
which seems to bo analogous to that of South America. It also occurs at Nischne- 
Tagilsk and Goroblagodat, in the Ural, in alluvial and drift material. 

These auriferous sands are, indeed, almost all superficial ; they cover an argillaceous 
soil, and include, along with gold and platinum, debris of dolerite (a kind of basalt) 
magnetic iron-ore, grains of corundum, &c. The platinum grains are not so flat 
as those from Choco, but they are thicker ; they have less brilliaucy, and more of a 
leaden hue. This platinum, by M. Laugicr’s analysis, is similar in purity to that of 
Choco ; but the leaden-grey grains, which were taken for a mixture of osmium and 
iridium, are merely an alloy of platinum, containing 25 per cent, of these metals. In 
Russia platinum has been formed into coins of eleven and twenty-two roubles each ; and 
this country Jiffords annually about 800 cwts. of platinum, which is nearly ten times 
the amount from other parts of the world. 

Platinum has also been found in Borneo, in California, in North Carolina, in 
Canada, in Australia, in the sands of the Rhino, and in Co. Wicklow, Ireland. 

M. Vauquelin found nearly 10 per cent, of platinum in an ore of argentiferous 
copper, which was transmitted to him as coming from Guadalcanal, in Spain. This 
would be the only example of platinum existing in a rock and in a vein. The same 
thing has not again been met with, even in other specimens from Guadalcanal. 

Platinum has been known in Europe only since 1748, though it was noticed by 
Ulloa in 1741. It was compared at first to gold; .and was, in fact, bimight into the 
market under the name of white gold. The term ‘platinum,* however, is derived from 
the Spanish word plata, silver, on account of its resemblance in colour to that metal. 

The whole of the platinum ore from the Urals is sent to St. Petersburg, where it is, 
or formerly was, treated by the following simple process : — 

One part of the ore is put into open platina vessels, capable of containing from 6 to 
8 lbs., along with 3 parts of muriatic acid at 25° B. and 1 part of nitric acid at 40°. 
Thirty of these vessels are placed upon a sand-bath covered with a glazed dome with 
moveable panes, w’hich is surmounted by a ventilating chimney to carry the vapours 
out of the laboratory. Heat is applied for 8 or 10 hours, till no more red vapours 
appear: a proof that the whole nitric acid is decomposed, though some of the 
muriatic remains. After settling the supernatant liquid is decanted off into large 
cylindrical glass vessels, the residuum is washed, and the washing is also decanted 
off. A fresh quantity of nitro-muriatic acid is now poiired npon the residnuin. This 
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timtuieiit is repeated till the whole solid matter has eventually disappeared. The ore 
requires for solution from 10 to 15 times its weight of nitro-muriatic aoid, according 
to the sise of its grains. 

The solutions thus made are all acid: a circumstance essential to prevent the 
iridium frmn precipitating with the platinum, by the water of ammonia, which is 
next added. The deposit being allowed to form, the mother-waters are poured off; 
the precipitate is washed with cold water, dried, and calcined in crucibles of platinum. 

The mother-waters and the washiugs are afterwards treated separately ; the former 
being concentrated to oue-twelftli of their bulk in glass retorts ; on cooling, they let 
fall the iridium in the state of an ammoniacal chloride, constituting a dark purple 
powder, occasionally crystallised in regular octahedrons. The washings are evaporated 
to dryness in porcelain vessels ; the residuum is calcined and treated like fresh ore ; 
but the platinum it affords needs a second purification. 

For agglomerating the platinum, the spongy mass is pounded in bronze mortars ; the 
powder is passed thix)ugh a fine sieve, and put into a cylinder of the intended size of 
the ingot. The cylinder is fitted with a rammer, which is forced in by a coining 
press, till the powder is much condensed. It is then turned out of the mould, and 
baked 36 hours in a porcelain kiln, after which it may be readily forged, if it be pure, 
and may receive any desired form from the hammer. It contracts in volume from 
l-6th to 1-oth during the calcination. 

The method ordinarily used for the extraction of })latinum is that originally pro- 
posed by Dr. Wollaston. The ore is trcjited first with nitric and then witli hydro- 
chloric acid, to remove those metals W’hich are readily soluble, and is aftorw;irds 
digested in dilute aqua regia at a moderate heat. To the solution of platinum thus 
obtained, a solution of sal-ammoniac is added, when the platinum is precipitated in 
the form of a yellow salt — the double chloride of jdatinum and aininoniiim. This 
salt, when washed, is heated to redness, whereby the chlorine and ammonia arc ex- 
pelled, whilst a mass of spongj/ ^latimun is obtiiined. The sponge is worked into a 
paste with water, and, having been subjected to pow'erful pressure and dried, is care- 
fully heated to whiteness in a wind-furnace and I'orged into an ingot. The idatinuin 
at a high temperature may be welded like iron. 

For Dr. Wollaston’s process, see FhUosophkal Tramavlion,^. 1829, Part I. 

Great improvements in refining platinum have been introduced by Messrs. Devillo 
and Debray, In a furnace, composed of blocks of lime, the platinum is fused by 
means of the oxy hydrogen flame, when the osmium present is ex])elled as tetroxido, 
while the silica forms a slag by combining wdtli the lime. 

The same chemists effect the purification of platinum by fusing the ore with galena 
in a reverberatory furnace. The metallic lead from th(i gfilena alloys with the 
platinum, whilst the iridosmine present in the ore is unattacked, and sinks, by its 
great density, to the bottom of the bath. The alloy of lead and platinum is then 
drawn off, and the lead removed by cupellatioii. 

Platinum furnishes most valuable vessels to both analytical and manufacturing 
chemists. Boilers and stills of platinum used in the manufacture of oil of vitriol are 
constructed of largo size aud at great cost. Tlie metal is malleable, and may be 
beaten out into leaves of extreme thinness. Dr. Wollaston succeeded in obtaining a 
wire not exceeding the two-thousandth of an inch in diameter. A wire of this 
metal of inch in diameter will support a weight of 361 lbs. 

In 1828 a platinum coinage was commenced in llussia, but was discontinued in 1 8 io. 

This metal is applied to porcelain by two different processes: sometimes in a 
rather coarse powder, applied by the brush, like gold, to form ornamental figures ; 
sometimes in a sUite of extreme divisiou, obtained by decomposing its nitro-muriatie 
solution, by means of an essential oil, such as rosemaiy or lavender. In this case, it 
must be evenly spread over the whole ground. Both modes of appliwition give rise 
to a steely lustre. 

' The properties possessed in common by gold and platinum have several times given 
occasion to fraudulent admixtures, which have deceived the assayers. M. Vauquelin 
having executed a series of experiments to elucidate this suljei-t, drew the following 
conclusions : — 

If the platinum do not exceed 30 or 40 parts in the thousand of the alloy, the gold 
does not retain any of it when the parting is made with nitric acid in the usual way ; 
and when the proportion of platinum is greater, the fmud becomes manifest, Ist, by the 
higher temperature required to p^ it through the cupel, and to form a round button ; 
2ud, by the absence of the lightning, fulguration, or coruscation ; 3rd, by the dull white 
eolour of the button and its crystallised surface ; 4th, by the stniw-yellow colour which 
plaUnum commanicates to the aquafortis in the parting ; 5th, by the straw-yellow colour, 
boideriiig cm whit;e^ of the comet after it is annealed. If the platinum amounts to one 
finiith gf the gold, we must add to the alloy at least 3 times its weight of fine silver. 
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laminate it very thin, anneal somewhat strongly, boil it half an hour in the first aqua- 
fortis, and at least a quarter of an hour in the second, in order tliat the acid may dis- 
solve the whole of the platinum. 

Wore it required to determine exactly the proportions of platinum contained in an 
alloy of copper, silver, gold, and platinum, the amount of the copper may be found in 
the first place by cujpellation ; then the respective quantities of the three other metals 
may be learned by the processes founded, 1, upon the property possessed by sulphuric 
acid of dissolving silver without affecting gold or platinum ; and, 2, upon the property 
of platinum being soluble in nitric acid, when it is alloyed with a certain quantity 
of gold and silver. 

Platina, wrought and tmwroughty imported in 1873. 


From Russia • 


Ounces troy 
. 39,284 

Value 

£51,642 

„ Germany * . 


. 11,540 

11,642 

„ Other countries 

. . 

. 6,167 

9,580 

Total . 

. 

. 56,981 

>2,764 


PULTnrUM, A&XiOn or. This metal will alloy with iron ; the alloy is 
malleable and possesses much lustre. Copper and platinum in certain proportions 
form a brilliant alloy. Silver is much hardened by platinum : although platinum is 
not soluble in nitric acid, it will, when alloyed with silver, dissolve in that acid. An 
alloy of platinum and iridium is harder than platinum, and withstands the action of 
nitro-hydrochloric acid. 

Some other alloys are known, but none of them are employed in the arts. 

PXiATlWUltt This interesting preparation, which so rapidly oxidises 

alcohol into acetic acid, &c., by what has been called catalytic or contact action, is 
most easily prepared by the following process devised by M. Beettger ; — The insoluble 
powder of potassio-chloride or ammonio-chloride of platinum is to be moistened with 
sulphuric acid (oil of vitriol), and a bit of zinc is to bo laid in the mixture. The 
platinum becomes reduced to ji black powder, which is to be washed first with hydro- 
chloric acid, and then with water. The fineness of this powder depends upon that of 
the saline powders employed to make it ; so that if these bo previously finely ground, 
the platinum black will be also very fine, and proportionally powerful as a chemical 
agent. 

The following method of preparing igniferous black platinum, proposed by Descotil, 
lias been recommended by M. Ddbereiner : — 

Melt platinum ore with double its weight of zinc ; reduce the alloy to powder, and treat 
it first with dilute sulphuric acid, and next with dilute nitric acid, to oxidise and dis- 
solve out all the zinc, w’hich is somewhat difficult to do, even at a boiling-heat. The 
insoluble black-grey powder contains some osraide of iridium, united with the crude 
platinum. This compound acts like simple platiimui black, after it has been purified 
by digestion in potash -lye, and washing with water. Its oxidising power is so great 
as to transform not only formic acid into the carbonic, and alcohol into vinegar, but 
even some osniic acid, from the metallic osmium. The above powder explodes by heat 
like gunpowder. 

When the platinum black prepared by means of zinc is moistened with alcohol, it be- 
comes incandescent, and emits osmic acid ; but if it be mixed with alcohol into a psisto 
and spread upon a watch-glass, nothing but acetic acid will be disengaged ; affording 
an elegant means of diffusing the odour of vinegar in an apartment. 

A yet more simple method of preparing the platinum black than either of those 
is the following : — Protocliloride of platinum is dissolved in a concentrated solution 
of {Kjtash with the aid of heat ; then alcohol is added by degrees, constantly stirring the 
solution. The platinum is precipitiited as a black powder, which is boiled successively 
with alcohol, hydrochloric acid, and potash-water. 

PXJLTZirUM, PUXiMZViLTZSrO. An explosive compound, obtained by adding 
licotic acid, in excess, to a solution of chloride of platinum and ammonium in caustic 
soda. It may also be prepared by precipitating sulphate of platinum with excess of 
ammonia. 

PIaATZOTMC, SAXiTS of. The salts of platinum being rarely employed in 
the arts or manufactures, the reader is referred for them to Watts’s ‘ Dictionary of 
Chemistrj".’ 

PXiATXXraikKy SPOlfOT. A loose porous form of metallic platinum, obtained 
by heating the double chloride of platinum and ammonium. 

PXiATZirUM Fauow. A ingment prepared from platinum, by oxidation 
with acids, is sold under this name. 

P&VMBAChO, commonly called Black Lsad ; the name plumbagot and its com- 
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jnoa one, 'being derived from the fact of this mineral resembling lead in its external 
appearance. See Gbafhitb, for its mineralogical and chemical characters. In this 
country plumbago has been found most abundantly in Cumberland. The mountain 
at Borrowdaley in wUch the black lead is mined, is nearly 2,000 feet high, and the 
entrance to the mine is about 1,000 feet below its summit. This valuable mineral 
became so common a subject of robbery about a century ago, as to have enriched, it 
was said, a great many persons living in the neighbourhood. Even the guard stationed 
over it by the proprietors was of little avail against men infuriated with the love of 
plunder ; since in those days a body of miners broke into the mine by main force, and 
held possession of it for a considerable time. 

The treasure was then protected by a building, consisting of four rooms upon the 
eround-floor ; and immediately under one of them is the opening, secured liy a trap- 
door, through which alone workmen could enter the interior of tlite mountain. In tin's 
apartment, called the dressing-room, the miners change their ordinary clothes for their 
mining-dress. At one time as much as 100,000/. was realised from the Borrowdalemino 
in a year, the Cumberland plumbago selling at 4 os. per pound. This mine has not, how- 
ever, been worked for many years, Tlie last great discovery, stated to have been about 
30,000/.’s worth, has been hoarded by the proprietors, a small quantity only being sold 
every year; but it is now generally understood to bo exhausted. Some few years 
since the Borrowdale Black Load Mine was inspected by three experienced miners, 
but their report was far from eiicouraging : notwithstanding this, a new company is 
formed to work the mine (1874) ; they have found small quantities of plumbago, and 
the report is that the appearances are very promising. 

This plumbago in Borrowdale is found in ‘ nests ’ in a trap rock, partially de- 
composed, which runs through the clay-slate. In Glenstriithfarrar in Inverness it is 
found in gneiss; and at .Craigman in Ayrshire it occurs in coal-beds wliicli have been 
formed in contact with trap. In Cornwall plumbago has l»cen discovered in small 
lumps in the Elvan courses (see Elvan) ; and on the nortliorn coast of that county, 
small pieces are picked out of the clay-slate rocks, where it has been exposed by the 
wearing-down of the cliffs. At Arendal, in Korway, it occurs with quartz. 

Plumbago occurs in Finland. Large quantities are brought from Ceylon and the East 
Indies, ^me considerable portions are obtained from (Canada. 

Plumbago is sometimes formed in considerable quantities in the beds of blast 
furnaces, especially at Cleator Moor, and is knowm to the workmen as ‘ kish.’ 

Mr. Bro die purifies plumbago by mixing it in coarse powder, in an iron vessel, with 
twice its own weight of commercial sulphuric acid, and seven per cent, of chlorate of 
potash, and heats the whole over a water-bath until chloric oxide ceases to bo evolved. 
By this means the compounds of iron, lime, and alumina pi’cscnl are ]‘eridered for the 
most part soluble, and the subsequent addition of a little fluoride of sodium tx) the acid 
mixture will decompose any silicates which may remain, and volatilise* the silica present. 
The mass is now washed with abundance of V'ater, dried, and heated to redness. This 
last operation causes the grains of the plumbago to exfoliate. The mass swells up in 
a surprising manner, and is reduced to a stxite of very minute division. It is then 
levigated, and obtained in a stjitc of great purity, ready to be compressed by the method 
of Brockedon. See Pencils. 


Pkimhago imported in 

1873. 



Tons 

Yalno 

Prom Germany 

. 2,009 

£28,964 

„ Holland 

6C2 

11,390 

„ Cevlon . . 

. 2,500 

45,221 

„ Other Counti’ies 

297 

7,043 

Total . 

. 6,488 

£92,618 


I^Urm (Panne, Peluche, Fr.; Wolhammet, Pliisck, Ger.) is a textile fabrii*, 
having a aort of velvet nap or shag upon one side. It is composed regularly of a woof 
of a single woollen thread, and a two-fold warp, the one, wool of two threads twisted, 
the other, goat’s- or camel’s-hair. There are also several sorts of plush made entirely 
of worst^ It is manufactured, like velvet, in a loom with three treadles ; two of 
which separate and depress the woollen warp, and the third raises the liair-warp, 
whereupon the weaver, throwing the shuttle, passes the woof between the woollen and 
hair-warp ; afterwards, laying a brass brooch or needle under that of the hair, he cuts 
it with a knife (see Fustiak) destined for that use, running its fine slender point along 
in the hollow of the guide brooch, to the end of a piece extended upon a hible. 
mass. A name amongst peltmongers for the collected waste arising in the 
of skins ; it is used for manure. 

Mn M OAMMWMXMMm See Anooba ; Cashhebe. 
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POOrT JCST is a style of lace formerly mucli in vogue, but now superseded by 
the bobbin net manufacture. 

POXiAUBATZOJr Ol* XiZOBT* It is not the purpose of the present work to 
deal with any of the peculiar phenomena of the physical powers, except so far as they 
are involved in any of the processes of manufacture. Polarised light is employed in 
the sugar refinery ; it therefore is necessary that some short account should be given 
of the phenomena so called, and of the methods of rendering them available to useful 
ends. 

Under the term Polarisation of Light is comprehended a variety of very singular 
phenomena, which it is exceedingly difficult to explain within the space which can be 
devoted to this article. Por anything like an exact description of these peculiar and 
striking phenomena, the reader is referred to works devoted specially to this branch 
of science. Por our purpose it \#ill be sufficient to sUite that if a ray of light is 
reflected from a plate of glass placed at an angle of about 66°, it will be found to have 
undergone a rema/kablo change. If the reflected ray of light is looked at through 
a thin slice of Tournmline^ it will be found that while the ray is seen, when tlie 
reflecting plate is in one position, it can no longer be seen through the transparent 
crystal if the glass-plate is turned round 90°, or if the crystal is turned to the same 
extent ; although an ordinary ray of light is seen with equal intensity in whatever 
position the crystal may be hold. 

The ray of light by reflection, at or about the above-named angle, appears to have 
assumed the position of a polar body, i.c., a 
1636 botly having dissimilar sides, or it may be, 1634 

that the mode of motion has been altered 

reflection at the polarising angle. 

.Ji' i® Light can be polarised by refraction equally 

/ as w’ell as by reflection. 

I • Under some circumshinces, the condition 

\ Circular Polarisation is produced. (See 

/ ' Pereira’s Lectures on Polarised Light.) We 
■ do not attempt to explain this. The phe- 
nomena alone are all we have now to deal 
with. An instrument called a Polariscope is constructed upon 
the principles shown in the accompanying figure {fig. 1 634). 

If a ray of common light, a, bo polarised by falling upon a 
glas.s, 6, at an angle of 66° 46", the plane -polari sod ray c, is 
obtained. If this ray is transmitted through a pure solution of 
crystallisable cane-sugar, and the ray as it emerges, c, bo analysed 
by a double-refracting rhomb of Iceland spar, two coloured 
images are perceived, as shown in fig. 1636. One, n, is caused 
by ordinary refraction, and the other, x, by extraordinary refraction. 
g {fig. 1634) is a lens to produce a well-defined image. The colours 
of these images are complementary ; that is, when one is red the 
other greem, when one is yellow the other is violet^ when one 
is blue the other is orange. By rotating the ^ analyser,’ — the 
rhomb of Iceland spar, — the colours change. If the rotation be 
right-handed, that is, as we turn a screw or cork-screw to make 
it enter, the sequence of colours is redy orangey yellow, greenly 
blue, indigo y and violet y red. It will be understood that by 
rotating the rhomb of Iceland spar, the oxtniordinary ray re- 
volves around the oixlinary ray, each undergoing a change of 
colour. The sequence of the ordinary image being given above, 
and the complementary colours named, it will be seen that the 
sequence of colours on the extraordinary image will be greeUy 
bluBy indigOy and violety red, orangey yelloWy green. In one com- 
plete revolution of the analyser each of the colours of the 
spectrum occurs twice for each imago. The polariscope is now used for both the 
qualitative and quantitative analysis of sugar. Indeed, the minutest difference in 
chemical character and physical constitution can be readily detected by this instru- 
ment. See Sugar. 

POU8BZira-SX.ATS. A grey or yellow slate composed of microscopic infusoria. 
It is fr>und abundantly in the coal-measures of Bohemia, and in the Auvergne. 

POXiTCBBOUKATB. {Msculme.) A compound from which a variety of colours 
may be prepared. 

A great many vegetables give, when treated with hot water, a solution which 
appears yellow by transmitted light, but blue by reflected light. The inner bark of 
the horse-chestnut is a peculiar example of this. See Fluobescencb. 
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M&nUUbVn. A sulphate of potash, lime, and ma^csia, occurring in many 
salt mi nes, as at Stassfurt in Prussian Saxony. 

901iTTWS» A polytype is a cast of a woodcut taken in soft metal by a process 
now nearly disca rded in favour of electrotyping. 

MVZHa. See Balsam of Pbbtj. 

FOOUnr MCmrOir. Another name for Musta-paat {Hibiscus cannaUnus.) 

WOWUkMm (PeuplieTt Fr. ; Ger.) The wooden polishing wheels of the 

glasS'grinder are made from horizontal sections of the stem of this tree. It is used 
in the manufacture of toys, but not for many other purposes. 

909UW. A stuff made of silk and worsted, manufactured in Ireland. The Irish 
poplins are either watered, brocaded, or tissued : poplins are also made at Norwich. 

IPOWT OZXi* Much used in painting. See Oils. 

VOSOSLAnr. See Potteby. 4 

womomtokxm OI^AT. See Clay. 

IMAOXXhAZV JJkMPMR. Clay which has been vitrcfied by the igneous roc'ks. 

VOMU&MOVB 8BBU8. See Shei.ls. 

A native alloy of gold and palladium, which occurs to some 
extent in the mines of Gongo Soco in Brazil. 

FOBFOXn OXZi. See Oils. 

VOBFOBnrO. An Italian glass. 

FOBTBB is a malt liquor, so called from being for a long period the favourite 
beverage of the porters of London, and indeed confined exclusively to this class of 
the workpeople of the metropolis. It is characterised by its dark brown colour, its 
transparency, its moderately bitter taste, and peculiar aromatic flavour. At first the 
essential distinction of porter arose from its wort being made with highly-kilned 
brown malt, while other kinds of beer and ale w^ere brewed from a paler article ; but 
of late years, the taste of the public having run in favour of sweeter and lighter beve- 
rages, actual porter is brewed with a less proportion of brown malt, is less strongly 
hopped, and not allowed to get hard by long keeping in huge ripening tuns. Some 
brewers colour the porter with burnt sugar ; but in general the most respectable con- 
centrate a quantity of their first and best wort, to an extract, in an iron pan, and burn 
this into a colouring stuff, whereby they can lay claim to the merit of using notliing in 
their manufacture but malt and hops. Porter is now brewed in large quantities in 
other cities besides London, especially in Dublin. See Beee, 

VOrnTXiAam ABROWMOT. See Arrowroot. 

posnAWB cwBnrT is so called because it resembles in colour the Port- 
land stone. It is prepared by calcining a mixture of the clayey mud of the Thames 
with a proper proportion of chalk. They make equally good cement in other ))arts of 
England and France by mixing chalk or marl with otSer clays. The materials are 
reduced to fine powder, and intimately mixed, with the addition of wat(jr. The re- 
sulting paste is moulded into bricks, which are dried and burned. It is of importance 
that the heat in calcining be sufficiently elevated, otherwise the carbonic acid and 
water may be expelled, without that reaction between the lime and clay which is re- 
quired for the production of a cement. It is necessary to employ a wdiite heat, which 
shall agglutinate and frit the mixture. After this operation the material is assorted, 
and the portions which are scorified by too much heat, as well as those insufficiently 
calcined, being set aside, the cement is pulverised for use. It is often advantageous 
to grind to powder the native mixtures of limestone and clay before burning them, in 
Older to ensure homogeneousness. It will also be seen that calcination at a very high 
temperature is frequently required to develop the hydraulic character of limestones ; 
the greater the temperature employed, the more slow^ is the solidification of the cemout, 
but the harder does it become. See Cements. 

PABTXUkXra BTOJVB. An oolitic limestone, immediately underlying the Pur- 
beck strata ; so called in consequence of its development in the island of P(jrtland, 
situated off tHe southern coast of Dorsetshire. 

St. Paul’s Cathedral, and many of the public buildings of this country, have been 
built of stone &om Portland, and it is still obtained from numerous quarries on tlie 
bland for transmission to other places, and formerly for the breakwater. 

The quarries which the stone used for building St. Paul’s Cathedral ivas 
obtained were situated at the northern extremity of the island, but have been long 
abandoned in consequence of the stone being somewhat harder and more difficult 
to work than that met with in other parts of the island. The principal beds of stone 
quarried in the Isle of Portland are called, in descending order, roach or rocite, 
rMHy bed, and whit {i. e. white) or best bed. These beds vary much in thickness, but 
^^niay be stated to average five and six feet sespectively ; some reaching fifteen feet. 

The roach affords large blocks of a hard and durable white stone, particularly 
adapted for foundaiioiis of buildings, docks, breakwaters, and other constructions 
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where great strength is required ; but, owing to the numerous cavities it contains 
(produced by the empty casts of shells), it will not receive a close*, even face, and is 
therefore not so well adapted for many other purposes of a more ornamental descrip- 
tion. The rubbly bed is not much worked; but the white or best bed, when accessible 
is always quarried, and affords a white oolitic freestone, which takes a smooth, even 
face, and works freely in all directions. 

The following analysis by Professor Daniell, gives the chemical composition of this 
stone : — 


Silica .... 


, , 


1*20 

Carbonate of lime . 




. 0516 

Carbonate of magnesia . 




P20 

Iron and alumina . 




. OoO 

Water and loss 




1*94 

Bitumen 




. trace 

100-00 


The other principal localities where the Portland stone is quarried are the Isle of 
Purbeck in Dorsetshire, w^hore it is called Purbeck-Portland ; and the Vale of Wardour, 
where (as at Chilmark and other places) it affords a freestone of a superior description. 
From 66,000 to 60,000 tons of stone are raised annually in the Isle of Portland.-— 

H. W.B. 

POST. A North of England term for any bod of firm rock. 

POTASH, or POT ASS A. (Potasse, Fr. ; Kalit Ger.) This substance was 
so named from being prepared for commercial purposes by evaporating in iron pots 
the lixivium of the ashes of wood-fuel. In the crude state it consists, therefore, of 
such constituents of burned vegetables ns are very soluble in water, and fixed in the 
lire. The potash -salts of plants which originally contained vegetable acids will be 
converted into carbonates ; the sulphates will become sulphites, sulphides, or even 
carbonates, according to the manner of incineration ; the nitrates w’ill be changed into 
pure carbonates, while the muriates or chlorides will remain unaltered. Should quick- 
Jinui be added to the solution of the ashes, a corresponding portion of caustic potassa 
will be introduced into the product, with more or less lime, according to the care tfikon 
in decanting off the clear lye for evaporation. 

In America, where timber is in many places an incumbrance upon the soil, it is 
felled, piled up in pyramids, and burned, solely with a view to the manufacture of 
potash. The ashes are put into wooden cisterns, having a plug at the bottom of one 
of the sides under a false bottom ; a moderate quantity of water is then poured on thtj 
mass, and some quicklime is stirred in. After standing for a few hours, so as to take 
up the soluble matter, the clear liquor is drawn off, evaporated to dryness in iron pots, 
and finally fused at a red hetit into compact masses, which are grey on the outside and 
pink-coloured -within. 

Pcarlash is prepared by calcining potashes upon a reverberatory hearth, till tlic 
whole carbonaceous matter, and the greater part of the sulphur, be dissipated ; then 
lixiviating the mass in a cistern having a falso^jottom covert with straw, evaponiting 
the clear lye to dryness in flat iron pans, and stirring it towards the end into wliito 
lumpy granulations. 

The best pink Canadian potashes, as they are imported in casks containing about 
6 cwts., contain pretty uniformly 60 per cent, of absolute poUissa; and the best 
pearlashes contain 60 per cent, ; the alkali in the former being nearly in a caustic 
stiite ; in the latter carbonated. 

All kinds of vegetables do not yield the same proportion of potash. The more 
succulent the plant, the more does it afford ; for it is only in the juices that the vege- 
table salts reside, which are converted by incineration into alkaline matter. Herb- 
aceous weeds are more productive of potash than the graminiforous specie.s, or shrubs, 
and these than trees ; and for a like reason twigs and leaves aro more productive 
than timber. But plants in all cases are richest in alkaline salts when they have 
arrived at maturity. The soil in which they grow also influences the quantity of 
saline matter. 

The following Table exhibits the average product in potash of several plants, 
according to the researches of Vauquelin, Portuis, Kirwan, and De Saussure ; — 


In 1000 parts 
Pine or fir 
Poplar 
Trefoil . 
Beechwood 
Oak 


Potassa I 
. 0*46 
. 0 75 
. 0*76 
. P46 
. P63 


In 1000 parts 

iBoxwood . 

IWillow . 

Elm and maple 
hVheat-straw . 
IBark of oak-twigs 


Potassa 
. 2-26 
. 2-85 
. 3*90 
. 3-90 
. 4-20 


In 1000 parts 
Thistles . 
Flax-stems 
Small rushes 
Vine-shoots 
Barley-straw 


Potassa 
. 6-00 
. 600 . 
. 5*08 
. 6*60 
. 6*80 
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Dry beech-baxk • 6:00 

Fem • « • 6*26 

Lazgerufih . . 7*22 

fita&of maiise . 17*5 
Bean-stalks . . 20*0 


In 1000 parte Fotassa 

Bastard chamomile 
^ntheTnis cottUa,Jj.) 19*6 

Sunflower-stalks . 20*00 

Common nettle . 26*03 

Vetch plant . . 27’50 


In 1000 parte. Potaaaa 

Thistles in full growth 36*37 
Dry straw of wheat 

before earing , . 47*0 

Wormwood. , . 73*0 

Fumitory . . .79*0 


Stalks of tobacco, potatoes, chestnuts, chestnut-husks, broom, heath, furze, tansy, 
sorrel, vine-leaves, beet-leayes, orach, and many other plants, abound in potash salw. 
In Burgundy, the well-known cendres graviites are made bj^ incinerating the lees of 
wine pressea into cakes, and dried in the sun ; the ashes contain fully 1 6 per cent, of 
potasn. See Ashes of Plants. 

The Durification of pearlash is founded upon the fact of its being more soluble in 
water tlian the neutral salts which debase it. Upon an}* given quantity of that sub- 
Stance, in an iron pot, let one and a half times its weight of water be poured, and let 
a gentle heat be applied for a short time. When the whole has again cooled, the 
bottom will be encrusted with the salts, while a solution of nearly pure carbonate of 
potash will be found floating above, which may be drawn off clear by a syphon. The 
salts may ^ afterwards thrown upon a filter of gravel. If this lye be diluted with 
six times its bulk of water mix^ with as much slaked lime as there was pearlash 
employed, and the mixture bo boiled for an hour, the pobish will become caustic, by 
giving up its carbonic acid to the lime. If the clear, settled lixivium bo now syphoned 
offj and concentrated by boiling in a covered iron pan, till it assumes the appearanc e 
of oil, it will constitute the common ‘ caustic ’ of the surgeon, the potassafusa of the 
shops. But to obtain potash chemically pure, recourse must be had to the bicar- 
bonate, nitrate, or tartrate of potash, salts which, when carefully crystiillised, are 
exempt from anything to render the potash derived from them impure. The bicar- 
bonate having been gently ig^nited in a silver basin, is to be dissolved in six times its 
weight of water, and the solution is to be boiled for an hour, along with 1 lb. of 
slaked lime for every pound of the bicarbonate used. The whole must be left to 
settle without contact of air. The supernatant lye is to be drawn off by a syphon, and 
evaporated in an iron or silver vessel, provided with a small orifice in its clc^se cover 
for the escape of the steam, till it assumes, as above, the appearance of oil, or till it 
be nearly r^-hot. Let the fused potash be now poun*d out upon a bright plate of 
iron, cut into pieces as soon as it concretes, and put up immediately in a bottle fur- 
nished with a well-ground stopper. It is a hydrate of potash, being composed of 
1 atom of potash 48, + 1 atom of water 9 = 57 ; or KO.HO (»HO). 

A pure carbonate of potash may be also prepared by fusing pure nitre in an 
earthen crucible, and projecting charcoal into it by small bits at a time, till it. ceases 
to cause de^gration. Or a mixture of 10 parts of nitre and 1 of c.liareoal may be 
deflagrated in small successive portions in a red-hot deep crucible. When a mixture 
of 2 parts of tartrate of potash, or crystals of tartar, and 1 of nitre is deflagrated, 
pure carbonate of potash remains mixed with charcoal, which by lixiviation, and the 
agency of quicklime will afford a purp hydrate. Crystals of tortar calcined alone 
yield also a pure carbonate. 

In addition to the ashes of plants, other sources of potash are now utilized. The 
most important of these sources are the potash-minerals occurring in the upper part 
of the great salt-deposits of Stassfurt in Prussian Saxony and Kalucz in Galicia. 
These imlts are sylvinCf or chloride of potassium ; canudlUe^ or chloride of potassium 
and ma^esium ; and kainite^ a sulphate of potash and magnesia, with chloride of 
m^esium. See Abbaum Salts. 

Potash has also been extracted from certain felspars, from sea-water, from beet-root 
molasses, from the ash of sea-weeds, and from the suint of wool. But these sources 
are insignificant when compared with the great deposits of potash salts occurring natu- 
raUv at Stassfurt, which have of late yearo been worked on a very extensive scale. 

Tke Production of Potash Salts at Stassfvc't . — A few details on these mines, which 
have produced so great a revolution in the manufacture of potash salts, will be useful. 
Stassnirt is situate about 20 kilos from Magdeburg, on the Anhalt frontier. The 
geological formation on which it lies is the Bunter Sandstone. The presence of a bed 
of ro^-salt below this stratum was suspected in 1838. Borings were executed by 
order of the Prussian Government, and in 1861 the presence of a deposit of rock-salt, 
at least 830 meters in thickness, was ascertained. The formal working of the mines 
bjgan in 1867. Before reaching the salt it was necessary to sink 260 meters through 
the jmsnm, and the marl. 

^ The saline depomt does not consist exclusively of common salt, and may be divided 
into four chief regions. The lowest bed is the larjgest, and consists entirely of rock- 
•ilt, traversed by slender veins of karstenite. It is about 240 meters in -thickness. 
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We find next the re^on of polyhalite, still composed of rock-salt, but intersected by 
veins of 2 to 3 e.m. thick, formed of polyhalite, a mineral composed of the sulphates of 
lime, magnesia, and potash. This layer is about 64 meters in thickness, and is com- 
posed on an average of 91*2 per cent, chloride of sodium, 0*66 of karstonito, 6-63 of 
polyhalito, and 1*51 of hydrated chloride of magnesium. 

To this str.atum succeeds another of a different composition, and characterised by 
the presence of a saline mineral named kieseHte, It consists of mono-hydrated sul- 
phate of magnesia, in small microscopic needles. Tho layer contains 65 per cent, of 
chloride of sodium, 17 of kiesorite, 13 of carnallite, 3 of chloride of magnesium, and 2 
of karstenite. Its thickness is 56 meters. The upper region is formed of a group of 
salts chiefly magnesic and potassic, and formerly called riddance salts {Ahraumsalze\ 
because they were at first without industrial application, and were merely extracted to 
reach the rock-salt below. These salts are now tho foundation of the trade of Stassfurt, 
The principal salt is carnallite, a chloride of potassium and magnesium. It has a red 
colour, duo to the presence of oxide of iron in microscopic lamellae. There are found 
also in this deposit sylvine and Howellite, a chloride of potassium containing often small 
quantities of sulphate of potash, and of sulphate and chloride of magnesium ; tachyhy- 
dritc, a carnallite in which the chloride of potassium is replaced by chloride of calcium ; 
and horacite, a combination of tho borate and chloride of magnesium. Stassfurt, as we 
liave stated, lies on the Prussian frontier, towards the borders of the Duchy of Anhalt. 
The Prussian workings, therefore, could not be extended to the south-west, where tho 
geological conditions were most favourable. In 1855 the Government of Anhalt com- 
menced operations within its own territory,. with perfect success. The saline beds 
were reached at the depth of 145 meters, and soon a new salt was discovered in great 
quantity, giving a new impulse to tho trade of tho district. This is kainite, a 
compound of sulphate of magnesia and chloride of magnesium. Its discovery enabled 
tho inhabitants to enter upon the manufacture of pure sulphate of potash, which is 
largely exported to England and the United States. TJieir ai^plications are numerous. 
The chloride of potassium is used in tho manufiictiire of saltpetre and carbonate of 
potash; tho sulphate of potash is in great demand in the glass and alum works. 
Stassfurt exports also sulphate of magnesia and chloride of magnesium, which are 
extensively used in England for the discreditable purpose of adding to tho weight of 
textile goods, and rendering them hygroscopic ; bromine to an extent almost sufficient 
for the consumption of Europe, and boracic acid. Lastly, tho impure salts obtained 
as waste in the various refining processes, consisting principally of salts of soda, 
magnesia, and pobish, are skilfully combined, and sold as mineral manures, more or 
less rich in potash and magnesia. Tho demand for these manures has greatly in- 
creased of late years, especially in England and Germany. In 1869 the Prussian mine 
alone yielded 109,075,000 kilos of salts of potash, and 56,332,000 kilos of rock-salt, 
representing a total value of 916,960 francs. It is interesting to note that whereas 
the application cf i)otiissic salts in agriculture, some fifteen or twenty years ago, 
was found to produce little or no benefit, they are shown by more recent experiments 
to be highly valuable. Liebig has shown that tho use of manures which contain only 
some of tho ash-constituents of the crops merely enables the soil to be more rapidly 
exhausted of tho other necessary constituents. See Caknallite ; Eainite; Kieseuite; 
Sylvine. 

Caustic potash, after being fused in a silver crucible at a red heat, retains 1 equi- 
valent of water. Hence its composition in 100 parts is, potassium 70, oxygen 14, 
W'ator 16. Anhydrous ^^otash, or tho oxide free from water, can bo obtained only by 
the oxidation of potassium in air. It is composed of 83^ of metal and 16^ of oxygen. 

Caustic potash may be crystillised ; but in general it occurs as a white brittle sub- 
stance of spec. grav. 1*708, which melts at a red heat, evaporates at a white heat, 
deliquesces into a liquid in tho air, and attracts carbonic acid ; is soluble in Avater and 
alcohol, forms soft soaps wdth fat oils, and soapy-looking compounds with rosins and 
wax ; dissolves sulphur, some metallic sulpUurets, as those of antimony, arsenic, &c., 
as also silica, alumina, and certain other bases ; and decomposes animal textures, as 
hair, wool, silk, horn, skin, &c. It should never be touched with the tongue or the 
lingers. 

The only ccrbiin way of determining the quantity of free potash in any solid or 
liquid is from the quantity of a dilute acid of known strength which it can saturate. 

The hydrate of potash or its lye often contains a notable quantity of carbonate, tile 
presence of which may be detected by lime-water, and its amount be ascertained by 
the loss of weight which it suffers, when a weighed portion of the lye is poured into a 
weighed portion of dilute sulphuric acid poised in tho scale of a balance. 

The following Table exhibits the quantity of potash in 100 parts of caustic lye, at 
the respective densities : — 

Vou m. QQ 





POTASH, NITRATE OP 


Bp.gr. 

Pot. in 100 

Sp.gr. 

Pot. in 100 

Sp. gr. 

Pot. in 100 

Sp. Rr. 

Pot. in 100 jep. gr. 

Pot. in 100 

1*58 

1*66 

1*64 

1*52 

1*60 

1*48 

63*06 

51*58 

50*09 

48*46 

40*45 

44*40 

1*46 

1*44 

1*42 

1*40 

1*33 

1*36 

42*31 

40*17 

37*97 

35*99 

34*74 

33*46 

1*34 

1*32 

1*30 

1*28 

1*26 

1*24 

3214 

30*74 

29*34 

27-86 

26*34 

24*77 

1-22 

1*20 

1*18 

1*16 

1*14 

1*12 

23*14 

21*25 

19*34 

17*40 

15 38 
13*30 

1*10 

108 

1*06 

1*04 

1*02 

100 

11*28 

9-20 

7*02 

4*77 

2-44 

000 


90TAMM, BXCA&BOX’A.TB OF, is prcparod by x>assing carbonic acid through 
ft solution of the carbonate of potash. Soe Bicarbonatks. 

FOTA8K, BZCKBOlIf ATS OF. See Chromates of Potash. 

FOTA8B, BZirOXAXiATB OF. Sali of wood sorrel; Saif of sorrel; Sal 
aeetoaella, (&/ eToseille, Fr.) 

The Oxalis acetosella is an odourless plant, but in tasto it is iigrcoably acidulous. 
In some partR of Germany the binoxalato of potash is obtained in large quantities 
from this plant by evaporating the expressed juice. Five hundred parts of the plant 
yield four parts of the crystallised salt; its composition is, oxalic acid 2 parts, 
potash 1 part, water 2 parts. 

It is sold under the name of salt of lemons, sometimes in a pure state, but more fro- 
<]|uently mixed with cream of tartar, and is used for the removal of iron stains from 

linen. 

FOTA8B, BZTABTBATB OF. Cream of tartar. Tliis salt is a constituent of 
many vegetable juices, especially of the juice of the grape. All the salt of commerce 
is obtained during the vinous fermentation ; it deposits during the process of the for- 
mation of alcohol, and accordingly as it is obbiined from white or rod wine it is known 
by the name of white or red argol. The acid tartar is thus prepared in the wine- 
making districts of Franco. 

Argol, which occurs in crystalline cakes, and is composed of the bitartrate of potash, 
tartrate of lime, and colouring-matter, is boiled in w’atcr; and the solution allowed to 
cool, by which a deposit of crystals is obtiinod. These are washed with cold w'atcr, 
and then dissolved in boiling water, in which are diffused clay and charcoal, w'hich as 
they fall down receive the colouring-matter. The clear liquor is allowed to cool slowly, 
and crystals form. 

This salt consists of potash 25*00, tartaric acid 70*21, water 4*79. 

If cream of tartar is heated it is decomposed, swells up, evolves gaseous products, 
and is converted into Blojck Flux, Soe Assaying. 

FOTA8B, CABBOXTATB OF. Salt of tartar ; Potashes ; Pearlashcs. If land 
plants are burnt their ashes will be found to contain a considerable quantity of tho 
carbonate of potash. 

Carbonate of potash is composed of 48 parts of base and 22 of acid ; or, in 100 
parts, of 68*09 of potash and 31*91 of carbonic acid : that is, KO.CO* (B^CO^). 

Carbonate of potash, as it exists associated with carbon in calcined tartar, passes 
very readily into the bicarbonate, on being moistened with water, and having a current 
of carbonic acid gas passed through it. The absorption takes place so r;ipidly, tliat 
the mass becomes hot, and therefore ought to bo surrounded with cold waiter. See 
Potash. 

FOTA8B, CAV8TZC. Sec Potash. 

FOTASHy CKliOBATB OF. See Chlorate of Potash. 

FOTASBf CZTBATB OF. This salt is formed by neutralising citric acid with 
carbonate of potash. Under the names of lemon and kali, efcrvcscing lemonade, and 
the like, mixtures of dry citric acid in powder and dry caiiionato of potash, with very 
dry sugar, are sold. These form very agreeable and healthful heverages. 

FOTA8B, HYBBATB OF, or CAITSTZC POTA8B. {Potasse, Fr. ; Kali, 
Ger.) It may be obtained thus : — Mix a solution of 1 part of tlio dry carbonate of 
potash with 1 part of fresh l^^-prcpared dry hydrate of lime, .amj allow it to stand in a 
closed vessel for 24 hours at a temperature of 68'^ to 78® Fahr., frequently shaking it. 
The potash salt should be dissolved in 12 to 15 parts of water; the carbonate of lime 
separates in a granulated state, and the clear caustic lye may be decanted. A weaker 
lye may be obtained from the residue by fresh treatment with water. See Potash 

MTASB, BrmtATB OF. KO.NO* (BBTO*.) Syns. Mire, Saltpetre, Prismatic 
nitre, {Nitrate de potasse, Fr. ; Salpetersdures Kali, Ger.) For the mode of purifica- 
tion, see GuNPOwrDKS. This well-known and useful salt is found native in various 
parts of the world, more especially in tropical climates. The formation of nitre in 
the earth appears to be much facilitated by warmth. 
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Preparation^ — 1. By lixiviation of earth impregnated with the salt. The earth is 
heated with water in tanks or tubs with false bottoms, and after sufficient digestion 
the solution is run off and evaporated to crystallisation. The nitre procured by the 
first operation is exceedingly impure, and contains large quantities of chloride of 
potassium, and some sulphate of potash- By repeated crysfcillisations the salt may 
be obtained pure. If the crude product of the lixiAdation contains, as is often the 
case, the nitrates of lime or magnesia, they may bo got rid of bj' the addition of car- 
bonate of potash ; the earths are precipitated as carbonates, and may be filtered off, 
while an equivalent quantity of nitrate of potash is formed, and remains in solution, 
thus ; — 

CaO.NO* + KO.CO* = CaO.CO® + KO.NO*. [Ca(»rO*)* + 'SL^CO^ = CaCO» + ZKlffO*.] 

2. The second mode of preparing nitre which we shall consider, is from nitrate of 
soda and chloride of potassium. On dissolving equivalent quantities of these two 
salts in water, and sailing down, double decomposition takes place. The chloride of 
sodium may bo removed from the hot concentrated fiuid by means of shovels, while 
the nitrate of potash, being much more soluble in hot than in cold water, remains in 
solution, but crystallises out on cooling. The decomposition takes place in accordance 
with the annexed equation : — 

NaO.NO* + KCl = NaCl + KO.NO*. (WTaMTO® + XCl = WaCl - XWTOl) 

The above reaction is one of great interest and importance, inasmuch as it enables 
us to convert Peruvian or * cubic nitre,* as nitrate of soda is sometimes called, into the 
much more valuable salt, nitrate of potash. During the last ’war wnith Kussia it was 
found that large quantities of chloride of potassium were exported, and found their 
way into that country. For some time no notice wiis taken, because the salt appeared 
too harmless to be declared contraband of W’ar. Eventually it w'as found that it was 
entirely used in Russia for the purpose of affording nitrate of potash, by the process 
described. It need scarcely be said that the gunpowder made through the meilium of 
our own chloride of potassium was employed against our troops in the Crimea. 

3. Nitre may of course be prepared by neutralising nitric acid by means of carbo- 
nate of potash, or the caustic alkali. The process is evidently too expensive to bo 
employed, except for the purpose of experimental illustration, or under other special 
circumstances. 

The formation of nitre in the earth of hot climates is probably in most cases due 
to the decomposition of nitrogenisod organic matters. The subject of nitrification is 
one upon w’hich some controversy has taken place. It is supposed by some chemists 
that the chief source of the nitric acid is the ammonia produced during the decay of 
nitrogenous matters. The presence of bases appears to have a remarkable ten- 
dency to increase the production of the acid. It has been asserted that the ammonia 
which is produced suffers partial oxidation, the aciil formed uniting wdth tho undecom- 
posed ammonia to form the nitrate of that alkali. On the other hand, it has been 
argued that the ammonia does not suffer oxidation, but that the nitrogen produced during 
the decay of organic matter combines, at the instant of its liberation with oxygen, to 
form nitric acid, which unites with the bases present. Nitrate of ammonia, no matter 
how formed, suffers double decomposition in presence of tho carbonates of the alka- 
line earths, tho result being tho production of the nitrates of lime and magnesia. It. is 
owing to tho presence of the two latter salts in tho crude liquor obtained by lixiviating 
nitrified earth, that the addition of carbonate of potiish is so iinportiint, and c;iuses so 
great an iucroaso in tlio produce of nitre. It has been insisted l)y some observers 
that tlie presence of nitrogenous organic matters is not essential to the production of 
nitre. In support of this, it has been shown that large quantities of nitrates are often 
found where little or no organic matters are present. This lias been explained by 
assuming that porous bodies have the power of absorbing water, oxygen, and nitrogen, 
and producing nitric acid from them. But it is evident that other forces exist cap- 
able ot inducing the oxidation of atmospheric nitrogen. It has been experimentally 
demonstrated that nitric acid is produced during the discharge of atmospheric electri- 
city. It is also probable that ozone plays an important part in tho phenomena of 
nitrification. Perhaps most of the chemists who have investigated the subject, have 
been too anxious to assign the formation of nitre to one particular cause, whereas, the 
phenomena which have been noticed by different observers are in favour of the idea 
that several agencies are at work during the production of nitrates in the earth and in 
artificial nitre-bods. 

During tlie time that France was fighting single-handed against tho rest of Europe, 
great difficulty was found in obtaining sufficient nitre for the production of the vast 
amount of gunpowder necessary to enable her artillery to be effectively supplied with 
ammunition. This led the French chemists to establish artificial nitre-beds in various 

Qa2 
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parts of the oonntry. The success of the process may be judged of from the fact that 
th^ yidded 2,000 tons annually. 

Sitre crystallises in colourless six-sided prisms. The crystals are anhydrous ; largo 
specimens when broken, however, generally show the presence of a little moisture 
mechanically adhering to the interstices. If w'anted in lino powder, it must therefore 
be first coarsely bruised, and then dried, after which it may bo finely pulverised and 

sifted* 

By the careful application of heat, nitrate of potash may be melted without under- 
going any decomposition or loss of weight. But if the hoiit be raised to redness, it 
begins to decompose, the degree to which the change tiikes place depending on the 
amount of heat and the time of exposure. By carefully heating, for some time, a 
large quantity of nitrite of potash is formed, oxygen gas being evolved. If the heat 
be raised, or the exposure to a high temperature be continued, a largo quantity of 
nitrogen accompanies the oxygen, and the nitre becomes more and more changed, 
until finally, a mixture of potash with peroxide of potassium is at tained. If copper 
filings, clipping, or shreds be mixed with the nitre, the decomposition proceeds much 
more readily, and Wohler has proposed to prepare pure potash by this moans. At 
high temperatures nitre is a potent agent of oxidation, so much so, that the diamond 
itself is attacked and converted into ciirbonic acid, which unites with the potash. 
Crystallised boron, which is said to equal if not exceed the diamond in hardness, is 
not attacked by fused nitre. The oxidising po\rer of nitre is made use of in the arts 
in order to obtain bichromate of potisli from chrome iron ore. 

Nitrate of potash is sometimes used as a source of nitric acid, but nitrate of sod.'i is 
in every way more economical. This will be evident when it is considered that it 
takes 101 parts of nitrate of potash to yield one equivalent of dry nitric acid (54 parts), 
whereas 85 parts of nitrate of soda yield the same amount of acid. 8ee Nitric Acid. 

Nitrate of potash is employed in blow-pipe experiments, in order to assist in the 
production of the green reaction characteristic of the presoneo of manganese. It 
often happens where the quantity of manganese is exceedingly small, as in rose 
quartz, that the green coloration with soda on platinum foil cannot be obtained ; if, 
however, a little nitre be added, and the testing bo repeated, the reaction generally 
appears without any trouble. 

Nitrate of potash is greatly employed in the preparation of pyrotechnic mixtures. 
It ought always to be well dried and reduced to line powder before being used. 

Nitre is not unfrequently employed by the chemist for determining the percent^© 
of sulphur in coal. For this purpose the coal, reduced to fine powder, is mixed with 
nitre and carbonate of soda, and projected by small portions into a silver crucible, 
maintained at a rod heat. A platinum crucible must not bo employed, as it is attacked 
by nitre in a state of fusion. The sulphur in the coal is converted, liy the oxidising 
agency of the nitre, into sulphuric acid ; the latter can then be converted into sulphate 
of baryta, and the percentage of sulphur ascertained from its w'eight. 

Estimation of the Value of Nitre . — A great number of processes have been devised 
for the determination of the percentage of pure nitrate of potash in samples of the 
crude salt. All these processes are more or less incorrect, and a really accurate mode 
of determining the value of nitre has long been felt as a want by chemists. Tins 
want has been supplied by Messrs. Abel and Bloxam of the Woolwich Arsenal, who 
have devoted much labour and skill to the subject. Before detailing the successful 
process of the latter chemists, wo will take a brief glance at the other methfids com- 
monly used for the purpose. The French process depends upon the principle that 
a solntion, when saturate with one salt, is still capable of dissolving a considerable 
quantity of saline matter differing in its nature from the first. If, therefore, a satu- 
rated solution of nitre be poured upon pure nitre, no more is dissolved if the tempera- 
ture remains the same as it was when the original solution was prepared. But if, on 
the other hand, the saturated solution of nitre be digested with an impurt' sample con- 
taining the chlorides of sodium, potassium, &c., the latter salts will be dissolved, and 
the pure nitre remaining can, after proper draining, &c., bo dried and weighed. The 
loss of weight obviously represents the impurities removed. This process is subject 
to so many sources of error that the practical details need not bo entered into. 

Another mode of valuing nitre consists in fusing tlie salt, and, after cooling, break- 
ing the cake : the fineness or coarseness and general characters of the fracture are the 
means whereby the greater or less value of the salt are ascertained. This process, 
which is known as the Swedish or Swartz’s method, is far too dependent on the indi- 
vidual experience and dexterity of the operator to be of any value in the hands of the 
chemist whose attention is only now and then directed to the valuation of saltpetre. 
Moreover, although those who are in the habit of using it possess some confidence in 
its correctness, it is quite evident that it is impossible for such an operation to yield 
lesults of analytical accuraty. 
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The Austrian method has also been used by some, but it is quite inadmissible as a 
general working process. It consists in ascertaining the temperature at which the 
solution crystalBses. 

Gossart’s metliod consists in determining the value of the nitre ny measuring its 
power of oxidation. The latter is accomplished by finding the quantity of protoxide 
of iron whicli it can convert into peroxide. If to an acid solution of protosulphate 
of iron nitric acid or a nitrate be added, the proto is converted into a persalt at the 
expense of a portion of the oxygen of the nitric acid. 

M. Pclouzo endeavoured to improve the above process by using such an excess of 
the protosalt of iron that the nitre added should be able to convert only a portion of 
it into a persalt. The remaining protoxide was then converted into persalt by 
means of a solution of permanganate of potash of known strength. The data so 
obtained ena])led the value of the nitre to be estimated. But even this process is liable 
to variations, so much so, indeed, that Messrs. Abel and Bloxam obtained in eleven 
experiments made with pure nitre as many different results. 

The next process which we shall notice is that which the chemists generally have 
settled upon as yielding the best results. It is that of M. Gay-Lussac. It depends 
on the fact that if nitrate of potash bo heated with charcoal, or, in fact, any carbona- 
ceous matters in excess, the nitrate is converted into carbonate of potash, the amount 
of which may be accurately estimated by means of a standard solution of sulphuric 
acid. The chlorides which may be present are unacted upon by the charcoal, and do 
not, therefore, influence the result ; but if sulphates bo present, they are reduced by 
the carbon to sulphides, which, in consequence of being decomposed by the sulphuric 
acid, may cause serious errors. Fortunately the amount of sulphuric acid present 
in nitre is seldom sufficient to cause c'lny great error. Any nitrate of soda present 
would come out in the final result as nitrate of potash, and thus become another 
source of error; in practice this is seldom likely to occur. The original process con- 
sists in weighing out 20 grammes (308*69 grains) of crude saltpetre, and mixing it 
with 5 grammes (77*17 grains) of charcoal, and 80 grammes (1234*7 grains) of 
chloride of sodium. The mixture is thrown little by little into a red-hot crucible, 
and, when the decomposition is over, allowed to cool. Tho residual mass is dissolved 
in water, filtered, and water passed through tho filter until it amounts to 200 cubic cen- 
timeters (12 2 cubic inches). The amount of alkali is then ascertained with a burette 
and standard sulphuric acid. (See Aijcalimeteb.) Messrs. Abel and Bloxham h<ave 
minutely and laboriously studied this operation, and detected its sources of difficulty 
and error. Their researches have led them to employ the following modificiition : — 

Twenty grains of the sample are to bo well mixed in a platinum crucible with 30 
grains of finely-powdered resin and 80 grains of pure dry common salt. The heat of 
a wire-gauze flame is then applied, until no more vapour is given off. Tho cnicible is 
then allowed to cool down a little, and 25 grains of chlorate of potash are added. A 
gentle heat is then applied until most of the chlorate is decomposed ; the heat is then 
raised to bright redness for two or three minutes. The mass should be fluid, and free 
from floating charcoal. The mass, when cool, is removed to a funnel, and the 
crucible, &e., washed with boiling water. The mass is then dissolved in hot water, and 
the entire solution, coloured by litmus, is neutralised with the standard acid. In 
the annexed tfiblo 20 graiu.s of pure nitre were taken for each experiment : — 


Exp, 



Nitre found - 


Nitre per cent. 

1 . 



, 20*00 , 


. 100*00 

2 . 



. 20*00 . 


. 100*00 

3 . 



. 19*97 , 


. 99*85 

4 . 



. 19*97 . 


• 99*85 

5 , 



. 20*08 , 


, 100-40 

6 . 



. 20*08 . 


. 100-40 

7 . 



, 20*08 . 


. 100*40 


These chemists, not yet satisfied, made 53 more experiments by this method. The 
mean result with pure nitre was 997 per cent. The mean of 25 of the above experi- 
ments was 98 7 per cent. The mean of the remainder was 100 7. 

Subsequent experiments showed that greater accuracy might be obtained by substi- 
tuting, for the resin, pure ignited finely-divided graphite, prepared by Professor Brodie’s 
patented process. To perform the process, 20 grains of the nitre are to be mixed 
with 5 grains of ignited graphite and 80 grains of salt. The general process is con- 
ducted in the manner described in the operation with resin. The results are very 
exact, and apparently quite sufficient for all practical purposes, 

POTASH, HZTHZTB OP. KO.NO* (HHO*). When ordinary saltpetre, or nitrate 
of potash, is heated with sulphuric acid, in the cold, no special reaction be^mes evi* 
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dent, as far as any evolution of gas is concerned ; but if, previous to the addition of the 
add, the nitre be strongly fusSl, it will be found, cas soon as the admixture takes 
place, that red fumes are evolved. This arises Irom the fact, that nitrate of potash, 
when subjected to strong ignition, is decomposed with evolution of oxygen, the nitrate 
becoming gradually converted into the nitrite of potash, thus : — 

KO.NO* « KO NO» + 20. (ZXXO* - ZXKO^ + O*). 

This reaction acquires great interest from the circumstance, that to its correct 
explanation was owing the commencement of the fame of the illustrious Swedish 
chemist Scheele. A pharmaceutist, at Upsala. having heated some saltpetre to redness 
in a crucible, happened, when it became cold, to pour vinegar over it, when, to his 
surprise, red fumes were evolved, Gahn was aj^plied to for an explanation ; but, 
Unable to comprehend the matter, he applied to liorgmann ; but even he was as much in 
the dark as Gahn. The explanation which these eminent chemists were unable to 
give was supplied by the pharmaceutist’s apprentice, the young Scheele. Bergmann, 
when informed by Gahn of Scheele’s explanation, felt a strong desire to make his 
acquaintance, and ultimately they were introduccxl to ojich otlior. 

Nitrite of potash has acquired some importance of late years, owing to the valuable 
properties, as a decomposing agent, which have been found by chemists to reside in 
nitrous acid. 

Preparation. — Nitrate of potash is to bo fused at a red heat for a considerable time. 
When cold, the contents of the crucible are to bo dissolved out with boiling water, 
and the nitrate of potash remaining is to be removed as far as possible by crystallisa- 
tion. The nitrite of potash may be obtained from the motlier-liquor by evaporation 
and subsequent crystallisation. It is a neutral salt which deliquesces on exposure to 
the air. If a piece of strongly-fused nitre bo put, when cold, into a solution of sul- 
phate of copper, a very beautiful apple-green colour is produced, of a tint which is 
seldom observed, except in solutions containing the nitrite of that metal. 

YOTASRf PRITSSXATS OP. Ferrocyanidc of potassium, or Yellow prmsiatc of 
potash. K*FeCy> + 3H0 (R'PeCy® + 3K*6). 

This salt occurs in a state of great purity in commerce, and is thus manufactured 
on the large scale : — 

Among the animal substances used for the preparation of this lixivium, blood 
deserves the preference, where it can be had cheap enough. It must bo evaporated 
to perfect dryness, reduced to powder, and sifted. Hoofs, parings of horns, hides, old 
woollen rags, and other animal offals, are, however, generally had recourse to, as 
condensing most azotised matter in the smallest bulk. Dried funguses have been 
also prescribed. These animal -matters may either be first carbonised in cast-iron 
cylinders, and the residual charcoal may then be taken for making the ferroprussiato ; 
or the diy animal-matters may be directly employed. The latter process is apt to be 
exceedingly offensive to the workmen and neighbourhood, from the nauseous vapours 
that are exhaled in it. Eight pounds of horn (hoofs), or ten pounds of dry blood, 
afford upon an average one pound of charcoal. This must be mixed well with good 
^earlash, (freed previously from most of the sulphate of potash, with which it is always 
contaminated,) either in the dry waj^ or by soaking the bruised charcoal with u 
strong solution of the alkali : the proportion being one part of carbonate of potash 
to from li to 2 parts of charcoal, or to about 8 parts of hard animal-matter. 

The pot for c^cining* the mixture of animal and alkaline •matter is egg-shaped, as 
represented at a, fig. WSG, and is considerably narrowed at the neck c, to facilitate 

the closing of the mouth with a lid i. It 
is made-of cast iron, about two inches thick 
in the belly and bottom ; this strength being 
requisite because the chemical action of 
the materials wears the metals away fast. 
It should be built into the furnace in a 
direction sloping downwards, (more than 
is shown in the figure,) and have a strong 
knob h, projecting from its bottom to sup- 
port it upon the back wall, while its 
shoulder is embraced at the arms c, c, by 
the brickwork in front. The interior of 
the furnace is so formed as to leave but 
a space of a few inches round the pot, in 
order to make the flame plav closely over 
its whole surface. The fire-door /, and the 

^ tho-ash-pit, are placed iu the posterior part of the furnace, in order 
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that the workmen may not be incommoded by the heat. The smoko-vent o, issues 
through the arched top, A, of the furnace, towards the front, and is thence led back- 
wards by a flue to the main chimney of the factory, d is an iron or stone shelf, 
inserted i)efore the mouth of the pot, to prevent loss in shovelling out the semi-liquid 
paste. The pot may be half filled with the materials. 

The calcining procc.ss is different, according as the animal substances are fresh or 
carbonised. In Che first ertse, the pot must remain open, to allow of diligent stirring 
of its contents, with a slightly bent flat iron bar or scoop, and of introducing more of 
the mixture as the intumescence subsides, during a period of five or six hours, till the 
nauseous vapours cease to rise, till the flame becomes smaller and brighter, and till a 
smell of ammonia bo percoivod. At this time the heat should be increased, the mouth 
of the pot should be shut, and opened only once every half-hour, for the purpose of 
working the mass with the iron paddle. When on opening the mouth of the pot, and 
stirring the pasty mixture, no more flame rises, the process is finished. 

If the animal ingredients are employed in a carbonised state, the pot must be shut 
as soon as its contents are brought to ignition by a briskly-urged fire, and opened for 
a few seconds only every quarter of an hour, during the action of stirring. At first, a 
body of flame bursts forth every time that the lid is removed ; l)iit by degrees this 
cciises, and the mixture soon agglomerates, and then softens into a paste. Though the 
fire be steadily kept up, the f^me becomes less and loss each time that the pot is 
opened ; and when it ceases, the process is at an end. The operation, with a mass of 
50 pounds of charcoal .and 50 pounds of purified pcarlash, lasts about 12 hours the 
first time that the furnace is kindled ; but wlien the pot lias been previously brought 
to a state of ignition, it takes only 7 or 8 hours. In a wcll-.appointed factory the 
fire should bo invariably maintained at the proper pitch, and the pots should be worked 
with reljiys of operatives. 

The molten mass is now to be scooped out with an appropriate iron shovel, having 
a long shank, and caused to cool in small portions, as quickly as possible ; but not 
by throwing it into water, as has sometimes been prescribed, for in this way a good 
deal of the cj^anogen is converted into ammonia. If it bo heaped up and kept hot in 
contact with air, some of the forrocyaiiide is also decomposed, with diminution of 
the product. The crude mass is to be then put into a pan with cold water, dissolved 
by the application of a moderate heat, and filtered through cloths. The charcoal 
which remains upon the filter possesses the properties of decolouring syrups, vinegars, 
&c., and of destroying smells in a pre-eminent degree. It may also serve, when mixed 
with fresh animal-charcoal, for anothc^r calcining operation. 

As the iron requisite for the formation of tho ferrocyanide is in general derived 
from tho sides of the pot, this is apt to wear out into holes, especially at its under side, 
where the heat is greatest. In this event it may be taken out of the furnace, 
patched up with iron-rust cement, and reinserted with the sound side undermost. 
The erosion of the pot may be obviated in some measure by mixing iron borings or 
cinder with the other materials, to tho amount of one or two hundredths of the potash. 

The above lixivium is not a solution of pure ferroprussiate ; it contains not a little 
cyanide of potassium, which in the course of tho process had not absorbed the proper 
dose of iron to form a ferrocyanide ; it contjiins also more or loss carbonate of potash, 
with phosphate;, sulphate, hydrogenated sulphuret, muriate, and sulpho-cyanido of tho 
same base, as well as phosphate of lime ; substances derived pirtly from the impure 
potash, and partly from tho incinerated animal-matters. Formerly that very complex 
impure solution was employed directly for tho precipitiition of prussian blue ; but 
now, in all well-regulated works, it is converted by evaporation and cooling into 
crystallised ferroprussiate of potash. Tho mother- water is again evaporated and 
crystollised, whereby a somewhat inferior ferroprussiate is obtained. Before evapo- 
rating the lye, however, it is advisable to add as much solution of green sulphate of 
iron to it as will re-dissolve tho white precipitjito of cyanide of iron which first falls, 
and thereby convert the cyanide of potassium, which is present in the liquor, into 
ferrocyanide of potjissiuni. '^I'he commercial prussiate of polish may be rendered 
chemically pure by making its crystjils effloresce in a stove, fusing them with a gentle 
heat in a glass retort, dissolving" the ma.ss in water, neutralising any carbonate and 
cyanide of potassium that may be present, with acetic acid, then precipibiting the ferro- 
prussiato of potash by tlie addition of a sufficient quantity of alcohol, and finally 
crystallising the precipitated sitlt twice over in water. Tho sulphate of potash may 
bo decomposed by acetate of baryta, and the resulting acetate of potash removed by 
alcohol. 

Beirn/a Patent Proem.— Reduce charcoal into bits of the size of a walnut ; soak them 
with a solution of carbonate of potash in urine, and then pour over them a solution of 
nitrate or acetate of iron ; dry the whole by a moderate heat, and introduce them into 
the cast-iron tubes, presently to be described. Tho following proportions of consti* 
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taents hare beeii found to answer Ordinary potash, 30 parts ; nitre, 10; acetate of 
won, 15 ; charcoal or coke, 45 to 65 ; dried blood, 60. The materials, mixed and dried, 
are put into retorts similar to those for coal-gas. The animal-matter, however (the 
blood), is placed in separate compartments of pipes connected with the above retorts. 
The pipes containing the animal-matter should be brought to a rod heat before any 
£re is placed under the retorts. 

In fig. 1637, abcd, is a horizontal section of a furnace constructed to receive four 
elliptical iron pipes. The furnace is arched in the part a b, in order to reverberate 
the heat, and dnvo it back on the pipes w, yi\ w", W'*". These pipes are placed on 
the plane ef, of the ellipsoid, a «, represents the grating or bars of the furnace to bs 
heated with coal or coke ; 1 1 (%'. 1638), is the pot or retort. 

This pot or retort is placed in a separate compartment, as seen in fig. 1 638, which 
is a vertical section, taken through fig. 1640 at the line g, h. k is a connecting tube 
from the retort and the elliptical pipes 'w. 

In the section, fig. 1639, the sha^ of the tube k will be better seen ; also its cocks 
«, and likewise its connection with the pipes w. Z, {fig. 1638) is a safety-valve ; s, the 



cover of the pot or retort; l, is the ash-pit ; and 5, the door of the furnace ; x, is an 
open spa^, roofed over, or a kind of shed, close to the furnace, and under it the pipes 
are emptied ; h, an inclined plane behind the fire-bars. 

The arrows indicate the direction of the current of heat. This current traverses 
the intervals left between the pipes, and ascends behind them, passing through the 
aperture y, in the brickwork, which is provided with a valve or damper, for closing it, 
as required. The heat passes through tliis aperture, and strikes against the sides of 
the pot when the valve is open. Another valve,/, g, must also be open to expose the 
pot or retort to the direct action of the fire. The smoke escapes by a lateral passage 
Into a chimney, k. 

It must be remarked that there is a direct communication between the chimney and 
compartment of the furnace which contains the pipes, so that the heat, reflected 
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from the part t, strikes on the pot or retort only when the pipes w, w , w", w"', are 
sufficiently heated. 

In^. 1639 are represented the junction-tubes, which connect the four pipes with 
their gas-burners, z, z, and the cocks m m'. r, r, jig, 1640, arc covers, closing the pipes, 
and having holes formed in them ; these holes are shut by the stoppers c. 

Whether the pipes arc placed in the vertical or horizontal position, it is always 
proper to bo able to change the direction of the current of gJia ; this is easily done by 
closing, during one hour (if tlio operation is to last two hours), the cocks u, on' {fig, 
1689), and opuninf? those, m', m ; then the gas passes through w',into the branch k, and 
entering w'", passes through v into w' , througli g into w', and through 2nd g into w, 
and finally escapes by the burner z. During the following or other hour, the cocks 
w', m, must bo closed ; the cocks «, w', being opened, the current then goes from 
into K, w, w', w", w"', and escapes by the burner z', where it may bo ignited. 

The changing of the direction of the current dispenses, to a certain degree, with the 
labour required for stirring with a spatula the matters contained in the pipes ; never- 
theless, it is necessary, from time to time, to pass an iron rod or poker amongst the 
substances contained in the pipes. It is for this purpose that apertures are formed, so 
as to bo easily opened and closed. 

The patentee remarks, that although this operation is only described with reference 
to potush, for obtaining prussiate of potjish, it is evident that the same process is 
applicable to soda ; and when the above-mentioned ingredients arc employed, soda 
being substituted for potasli, the result will be prussiate of soda. 

The process employed in the manufacture of forrocyanidc of potassium, by Hoffraayr 
and Priiknor, is as follows : — The potash must bo free from sulphate, for each atom of 
sulphur destroys an atom of the cyanide of potassium. A very strong heat is advan- 
tiigeous. The addition of from 1 to 3 per cent, of saltpetre is useful, when the mass 
is too long in fusing. A reverberatory furnace is rncommended ; but the flhme must 
not lieat too much upon the materials for fear of oxidising them. Whim tho smoky 
red flame ceases, it is useful to throw in from time to time small portions of uncar- 
bonised animal-matter, particularly where tho flame first beats upon the mass, whereby 
the resulting gases prevent oxidation by the air. The animal-matters should not be 
too much carbonised, but left somewhat brown-coloured, provided they bo readily 
pulverised. Of uncarbonised animal-matters, the proportions may be 100 parts dried 
blood, to from 28 to 30 of potasli (carbonate), and from 2 to 4 of hammerslag 
(smithy scales), or iron filings. 2ud. 100 parts of horns or hoofs ; from 33 to 35 
potash; 2 to 4 iron. 3rd. 100 leather; 46 to 48 potash; and 2 to 4 iron. Prom 
blood, 8 to 9 per cent, of the prussiate are obtained ; from horns, 9 to 10 ; and from 
leather, 6 to 6. The potash should be mixed in coarse particles, like peas, with the 
carbonised animal-nuitter, which may be best done in a revolving pot, containing 
c^innon-balls. Of the animal-charcoal and potash equal parts may be taken, except with 
that from leather, which requires a few more parts of potash per cent. On tho average, 
blood and horn-charcoal sliould afford never less than 20 per cent, of prussiate, nor the 
leather than 6 ; but by good treatment they may be made to yield, tho first 25, and 
the last from 10 to 11. 

POTikSB, RBD PRirssZiliTB OP, or Fcrricyanide of potassium^ is prepared 
by passing chlorine gas through a solution of the ferrocyanide of potassium until it 
ceases to give a precipitate of Prussian blue, with a persalt of iron, and no longer. 
Its formula is K.®Fe^Cy® (B^PeCy®). 

POTABSZUIIE (Eng. and Fr. ; Kalium, Ger.) Spnh. K : At. wf. 39. This is a 
metal deeply interesting, not only from its own properties, but from its having been tho 
first link in the chain of discovery which conducted Sir H. Davy through many of the 
formerly mysterious and untrodden labyrinths of chemistry. It is the mefeUlic base of 
potash. 

The easiest mode of obtaining this elementary substance is that contrived by 
Briinner. Into the orifice of one of the iron bottles, as a., fig* 1641, in which mercury 
is imported, adapt, by screwing, a piece of guu-barrel tube, 9 inches long; having 
brazed into its side, about three inches from its outer end, a similar piece of iron tube. 
Fill this retort two*thirds with a mixture of ten parts of cream of tartar, previously 
calcined in a covered crucible, and 1 of charcoal, both in powder ; and lay it hori- 
zontally in an air furnace, so that while the screw orifice is at the inside wall, the 
extremity of the straight or nozzle-tube may project a few inches beyond the brick- 
work, and the tube brazed into it at right angles may descend pretty close to the 
outeide wall, so as to dip its lower end a quarter of an inch beneath the surface of 
some rectified naphtha contained in a copper bottle surrounded by ice-cold water. ^ By 
bringing the condenser vessel so near the furnace, the tubes along which the potassium- 
vapour requires to pass run less risk of getting obstructed. The horizontal straight 
end of the nozzle-tube should be shut by screwing a stopcock air-tight into it. By 
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f^peninif the codt momeiitarily, and thmsting in a hot wire, this tube may be readily 
kept fifee, without permitting any considerable waste of potassium. The heat should 
be slowly applied at first, but eventually urged to whiteness, and continued as long as 
potassurettM hydrogen continues to be disengaged. The retort and the part of the 
noszle-tube exposed to the fire should be covered with a good refractory lure, as 
described under the article Phosphokus. The joints must bo perfectly air-tight ; 
and the vessel freed from every trace of mercury, by ignition, before it is charged 
with the tartar-ash. 

Tartar skilfiilly treated in this way will afford 3 per cent, of potassium ; and when 
it is observed to send forth green fumes, it has commenced the production of tho 
metal. Instead of the construction above described, tho following form of apparatus 
may be employed : — 

1641, represents the iron bottle, charged with the incinerated tartar; and n 
is a fiie-brick support. A piece of fire-tile should also be placed between the bottom of 
the botUe and the back wall of the furnace, to keep tho apparatus steady during tho 
operation. AMienever the moisture is expelled, and the mass faintly ignited, the tube 
c should be screwed into the mouth of the bottle, through a small hole left for this 
purpose in the side of the furnace. That tube should be no longer, and the front 
wall of the furnace no thicker, than what is absolutely necessary. As soon as tho 
reduction is indicated by the emission of green vapours, the receiver a, u, b, must be 
adapted; this is shown in a large scale in fg. 1642. 



This is a condenser, in two pieces, made of thin sheet copper : d, tho upper part, is 
a rectangular box, open at bottom, about 10 inches high, by 6 or 6 long and 2 wide ; 
near to the side a, it is divided inside into two equal compartments, up to two-thirds 
of its height, by a partition, in order to make the vapours that issue from c pursue 
a downward and circuitous path. In each of its narrow sides, near the top, a short 
tube is soldered, at d and a ; the former being fitted air-tight into tJie end of the nozzle 
of the retort, while the latter is closed with a cork traversed by a stiff iron probe, c, 
which passes through a small hole in tho partition h, b, under c, and is employed to 
keep the tube c clear by its drill-shaped steel point. In one of the broad sides of 
the box D, near the top, a bit of pipe is soldered on at c, for receiving the end of a 
bent glass tube of safety, which dips its other and lower end into a glass containing 
naphtha, i, is the bottom copper box, with naphtha, which receives pretty closely the 
upper ease,n, and is to bo immersed in a cistern of cold water, containing lumps of ice. 

In this psooess, carbonate of potash is obtained by calcination of tJie tartar, and this 
carbonate is then decomposed by the carbon, with formation of carbonic oxide gas and 
elimination of metallic potassium. For details of the process, and for precautions to 
be observed, see Watts’s ‘ Dicdonaiy of Chemistry.’ 

Pure pofaMsium, thus procured, or by Davy’s original method, by acting upon 
fused potash under a film of naphtha, with the negative wire of a powerful voltaic 
battery, is a soft metal, which can be cut, like wax, with a knife, and its newly-cut 
JWfeoe possesses great brilliancy. It is fluid at 120® F. At 50® it is malleable, and 
luw thalustzo of polithtd silver ; ftt 82 ® it is brittle, with a crystalline fracture ; and 
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at a heat approaching to redness, it begins to boil, is volatilised, and converted into a 
grecn-colour^ gas, which condenses into globules upon the surface of a cold body. 
Its specific gravity in the purest state is 0*865 at 60^. When heated in tlie air, it 
takes fire, and burns very vividly. It has a stronger affinity for oxygen than any other 
known substance ; and is hence very difficult to preserve in the metallic state. At a 
hi^h temperature it reduces almost every oxygenised body. When thrown upon 
water, it kindles, and moves about violently upon the surface, burning with a violet 
flame, till it bo consumed; that is to say, converted into potash. When thrown upon 
a cake of ice, it likewise kindles, and melts a hole in it. If a globule of it be laid 
upon wet turmeric-paper, it tokes fire, and runs aliout, marking its desultory paths 
with red lines. The flame observed in these cases is owing chiefly to hydrogen, for it 
is at tlio expense of the water that the potassium bums, potassuretted hydrogen being 
formed. 

FOTASSZITM, BROMXBB OF. A compound resembling iodide of potassium, 
and prepared by similar processes. 

POTASSXVBK, CBBOBZBS OF. This salt may be obtained from sea-water or 
from kelp, but it is now generally prepared by washing camallite, a double chloride 
of potassium and magnesium, from which the latter chloride is readily removed by 
water. Chloride of potassium occurs among the Stassfurt salts as a distinct mineral 
known as Sylvine. Sec Caunaixite ; Potash ; Syjlvinb, 

POTASSIUM, CTAXrZBXS OF. See Cyanihes. 

POTASSIUM, BTBRATB OF. See Potash. 

POTASSIUM, lOBIBB OF. Iodide of potassium is usually prepared by 
digesting 2 parts of iodine, and 1 part of pure iron filings, in 10 parts of water, till 
they have combined to form a solution of a pale green colour, which is a solution of 
the iodide of iron. This solution is decomposed with exactly the requisite quantity of 
carbonate of potash, and iodide of potassium is held in solution, the iron salt being 
precipitated. The iodide is then crystallised out. 

A more recent process consists in digesting 1 part of amorphous phosphorus in 40 
parts of warm water, and adding 20 of dry iodine. To the solution, carbonate of 
baryta is first added, and then baryta-water ; the phosphate of baryta is filtered off, 
and the solution of iodide of barium treated w’ith sulphate of potash, when iodide of 
potassium and sulphate of baryta are obtained. 

Iodide of potassium is much used in photography to obtain the iodide of silver ; and 
for this purpose its purity is of great importance. The iodide of potassium of commerce 
frequently contains carbonate of potash, caustic potash, and the bromide and chloride 
of potassium, 

POTASSIUM, OZIBB OF. See PoTASH. 

POTATO. (Poinmcde terrc.Vv,', Kartoffel^ Gter.) The well-known tuber (under- 
ground stem) of the Solanuin tuberosmn^ 

Many methods have at different times boon tried for preserving potatoes in an un- 
changeable state and always ready to bo dressed into a wholesome and nutritious dish, 
but none with such success as the plan of Mr. Downes Edwards, for which he obtained 
a patent in August 1840. The potjitoos, being first clean-washed, are boiled in water 
or steamed, till their skins begin to crack, then peeled, freed from their specks and 
eyes, and placed in an iron cylinder, tinned inside, and perforated with many holes 
one-eighth of an inch in diameter. The potatoes are forced through these by the 
pressure of a piston. The pulp is finally dried on well- tinned plates of copper, 
moderately heated by steam, into a granular meal. When this is mixed into a pulp 
with hot water, and seasoned with milk, &c., it forms a very agreeable food, like 
fresh mashed potatoes. See Starch. 

POTATO-STABCB. English Arrowroot. See Starch. 

POTATO-SUOAB. See Sugar. 

POTSTOarZi, or Lapis oUaris ( Topf stein, Ger.), is an impure variety of steatite used 
in Germany for ornamental purposes. See Talc. 

POT MBTAXi. A metal composed of lead and copper, used for making pots. 

PO TT BB’S OBSi Picked lumps of the sulphide of lead (galena). See Lead. 

POTTBBT and POBCBBAlJTi Earthenware, Stoneware. (Engl, and Fr. ; 
Steingut, Vorcellan, Ger.) The French call the potter’s art esramique, from the Greek 
noun K4pafio5, an earthen pot, or burned clay. In reference to chemical constitution, 
there are only two genera of ceramic ware. The first consists of a fusible earthy 
mixture, along with an infusible, which, when combined, are susceptible of becoming 
semi-vitriflod and translucent in the kiln. This constitutes trae poi'cdain or china- 
ware; which is also called hard and genuine, or tender and spurious, according to the 
quality and quantity of the fusible ingredients. The tender or soft porcelain is an 
earthy body, which is covered with and penetrated by a transparent gUie. The second 
kind consists of an infusible mixture of earths, which in refractory in tbo kiln and 
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eoDtinnto opaijue. This is pottery, properly so called ; but it comprehends several 
sttbroedes, which graduate into each oUier by imperceptible shades o? difference. To 
this nead belong earthenware, stoneware, delft- ware, iron-stone china, &c. 

The glased bricks from Babylon — the enamelled tiles from the ruined cities of the 
Besert — and the glazed coffins from those Assyrian cities of the dead discovered by 
Mr. Kennett Lofbus, prove, contrary to the received ideas, tliat the earliest attempts 
to make a com]^act earthenware, with a painted glaze, did not originate with the 
Arabians in Sptun about tdio ninth ceutuiy ; but it is certain that tlie art passed thence 
into Majorca, in which island they were carried on with no little success. In the 
14th century, these articles, and the art of imitating them, were highly prized by the 
Italians, under the name of Majolica, anii porceJlanxi, from the Portuguese word for a 
cup. The first manufactory of this ware possessed by them was erected at Eaenza, in 
the ecclesiastical States, whence the French tarmfoycncc is derived. The body of the 
ware was usually a rod clay, and the glaze was opaque, being formed of the oxides 
of lead and tin, along with potash and sand, which glaze w'as in all probability the 
discovery of Luca della Robbia, which ho had found ‘ after experiments innumerable.’ 
Bernard Palissy, about the middle of the 16th century, manufactured the Palissy ware 
— which is remarkable for its beautiful glaze, and the imitation of plants and animals 
—at Saintes, in France; and not long aftoru'ards the Dutch produced a similar article, 
of substantial make, under the name of Delft-ware, but destitute of those grticeful 
forms and paintings for which the ware of Faenza was distingnished. 

The English East India Company was formed in 1600, and in 1631 they imported 
China ware into England. The Dutch, however, in 1586, appear to have traded in 
this true porcelain. There Avas naturally a desire to imitate this beautiful manu- 
facture. In this Bdttcher made the. first advance in 1709 ; although it is now known 
that a porcelain of soft paste was made at Florence as early as 1580. Bottcher was 
working in the laboratory of Tschirnliaus, an alchemist, at Dresden, and it is stated that 
some crucibles prepared by him assumed the character of Chinese porcelain. Bottcher 
made first a rea ware, but eventually, by employing white clays {Kaolin) which were 
found near Schneeberg in the Erzgebirge, ho made a true porcelain at Meissen. 
Eventually the manufacture spread to Dresden, Munich, and other places, and the 
celebrated 8ivres Pottery was established. 

In England, porcelain appears to have been expcrimentolly manufactured at Fulham, 
by Dwight, as far back as 1671 ; but it was not produced in quantity until about 1730, 
when works were established at Bow, and these were soon afterwards followed by the 
factories of Chelsea, Derby, and Worcester. Porcelain with hard paste, however, was not 
produced in this country until Cookworthy’s celebrated discovery of the Cornish china- 
clay and china-stone — a discover}' which led to the foundation of the porcelain works 
of Plymouth and Bristol. 

Coarse ware was manufactured in Staffordshire as early as, if not earlier, than 1500. 
Dr. Shaw says, ‘ there exist documents which imply that during many centuries con- 
siderable quantities of common culinary articles were manufactured of red, brown, and 
mottled pottery.’ — History of Staffordshire Potteries. 

It was in 1670 that a work for maliiDg earthenware of a coarse description, coated 
with a common lead-glaze (butter pots), was formed at Burslcm, which may bo con- 
sidered as the germ of the vast potteries now established in Staffordshire. The 
manufacture was improved about the year 1690, by tAvo Germans, the brothers Elers, 
who were compelled to leave the Potteries in 1710, and it is said they settled in Chel- 
sea. The inti^uction of the use of salt for glazing took place in 1690 at Palmer’s 
pottery at Bagnall. It is to the late Josiah Wedgwood that this country and the 
wmrld at large are mainly indebted for the great modern advancement of the ceramic 
art. It was he who first ^ erected magnificent factories, where every resource of 
mechanical and chemical science was made to co-operate with the arts of painting, 
sculpture, and statuary, in perfecting this A'alualdo department of the industry of 
nations. So sound were his principles, so judicious his plans of procedure, and so ably 
have they been prosecuted by his successors in SUiffordshire, and especially by tlio 
late Herbert Hinton, that a population of upwards of 100,000 operatives now derives 
a comfortable subsistonce within a district formerly bleak and barren, of 8 miles long 
by 6 broad, which contains 250 kilns, and is significantly called ‘ The Potteries.’ 

Or TBB Matebials of Pottebti and thkie Peefabation. 

C?cy.— The best clay from which the Staffordshire ware is made comes ftom Poole 
in Dorsetshire, and a second quality from near Newton in Devonshire ; but both are 
well adapted for working, being refractory in the fire, and becoming very white 
when burnt. The day is cleaned as much as possi ble by hand and freed from loosely 
adhering stones at the pits whore it is dug. For the manufacture of porcelain, 
^ of the finer kinds of earthenware, the china-clay is used. (See Clat.) In 
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tho factory the clay is cut to pieces, and then kneaded into a pulp with water, by 
engines; instead of being broken down with pickaxes, and worked with water 
by hand-paddles, in a square pit or water-tank, an old process, called blunging. The 
clay is now thrown into a cast-iron cylinder, 20 inches wide and 4 feet high, or into 
a cone 2 feet wide at top and 6 feet deep, in wlioso axis an upright shaft revolves, 
bearing knives as radii to tho shaft, Tho knives are so arranged, that their fiat sides 
lie in mo plane of a spiral line ; so that by the revolution of tho shaft, they not only 
cut through everything in their way, but constantly press tho soft contents of the 
cylinder or cone obliquely downwards, on the principle of a screw. Another set of 
knives sbmds out motionless, at right angles ftom the inner surface of the cylinder, 
and projects nearly to the central shaft, having their edges looking opposite to the 
line of motion of the revolving blades. Thus the two sets of slicing implements, tho 
one active, and tho other passive, operate like shears in cutting the clay into small 
pieces, while the active blades, by their spi»*al form, force the clay in its comminuted 
state out at an aperture at the bottom of the cylinder or cone, whence it is conveyed 
into a cylindrical vat, to be worked into a pap with water. This cylinder is tub- 
shaped, being about four times wider than it is deep. A perpendicular shaft turns also 
in tho axis or this vat, bearing cross spokes, one below another, of which tho vertical 
set on each side is connected by upright staves, giving the moveable arms tho appear- 
ance of two or four opposite sqmire paddle-bofirds revolving with the shaft. This 
wooden framework, or large hlunger^ as it is called, turns round amidst the water and 
clay lumps, so as to beat them into a fine pap, from which the stony and coarse sandy 
particles separate, and subside to the bottom. WJiencver the pap has acquired a 
cream-consistenced uniformity, it is run off through a series of ^viro, lawn, and silk 
sieves, of different degrees of fineness, which are kept in continual agitation backw'ards 
and forwards by a crank mechanism ; and thus all tho grosser parts are completely 
separated, and hindered from entering into the composition of the ware. This clay- 
liquor is set aside in proper cisterns, and diluted with water to a standard density. 

Hints , — These are obtained in great quantities from tho chalk formations. See 
Flints. 

Chert t which is a flinty substance, found in the Mountain Limestone, is also em-* 
ployed. This is calcined and ground. See Chert. 

Felspar, Used both in the body and in glazing. See Felspar. 

Bone, — Bone-ashes, (phosphate of lime), also enters into the composition of pottery. 

Steatite^ or Soap-stone, is occasionally employed. See Steatite, 

China-stone , — A decomposed granite. See Oiiina-Stone. 

These may be regarded as tho substances which enter into the body of the w'are. 

Clay alone cannot form a proper material for pottery, on account of its great con- 
tractility by heat, and the consequent cracking and splitting in the kiln of the vessels 
made of it; for which reason a siliceous substauce incapable of contraction must 
enter into the body of pottery. For this purpose, ground flint, called flint-powder 
by the potters, is universally preferred. Tho nodules of flint extracted from the chalk 
formation are washed, heated rod-hot in a kiln, like that for burning lime, and thrown 
in this state into water, by which treatment they lose their trauslncency, and become 
exceedingly brittle. They are then reduced to a coarse powder in a stamping-mill or 
a crushing-mill. The pieces of flint are laid on a strong grating, and pass through 
its meshes whenever they are reduced by the stamps to .a certain state of comminution. 
This granular matter is now transferred to tho proper flint-mill, which consists of a 
strong cylindrical w’ooden tub, bottomed with flat pieces of massive chert, or horn- 
stone, over which are laid large flat blocks of similar chert, tliat are moved round 
over the others by strong iron or wooden arms projecting from an upright shaft made 
to revolve in the axis of tho mill-tub. Sometimes the active blocks are flxed to these 
cross arms, and thus carried round over tho passive blocks at tho bottom. Into this 
cylindrical vessel a small stream of water const-intly trickles, which facilitates the 
grinding motion and action of tlio stones, and works tho flint-poAvder and water into 
a species of pap. Near the surflice of tlie Avater there is a plug-holo in tho side of the 
tub, by which the croamy-looking flint-liquor is run ofl‘from time to time, to bo passed 
througli lawn or silk sieves, similar to those used for tho clay-liquor ; while the par- 
ticles that remain on the sieves are returned into the mill. 7'liis pap is also reduced to 
a standard density by dilution with water; whence the weight of dry siliceous earth 
present may he deduced from the measure of the liquor. 

The standard clay- and flint-liquors are now mixed togetlier, in such proportion by 
measure, that the flint-powder may bear to the dry clay the ratio of one to five, or 
occasionally one to six, according to tho richness or plasticity of tho clay ; and the 
liquors are intimately incorporated in a revolving churn, similar to that employed for 
making tho clay-pap. This mixture is next freed from its excess of water by evapo- 
ration in oblong stone troughs, called s/ip-hilns, bottomed with fire-dies, under wmch 
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ft AuEBice-fiae ruiii. The breadth of this evaporating trough varies from 2 to 6 feet ; 
its Itfigth £rom 20 to 50 ; and its depth from 8 to 12 inches, or more. 

By flie dissipation of the water, and careful agitation of the pap, an uniform doughy 
mass is obt&|ned ; which, being taken out of tlie trough, is cut into cubical lumps. 
These are piled in heajMS, and left in a damp collar for a considerable time ; that is, 
several months, in large manufactories. Here the dough suffers disintegration, pro- 
moted by a kind of fermentative action,- due probably to some vegetable-matter in the 
water and the clay ; for it becomes black, and exhales a foetid odour. The argilhiceous 
and siliceous particles get disintegrated also by the action of the water, in such a way that 
the ware maoe with old paste is found to be more homogeneous, finer pained, and not 
so apt to crack or to get ^sfigured in the baking, as the ware made with newer paste. 

But this chemical comminution must be aided by mechanical operations ; the first of 
which is called the potter’s slapping or wedging. It consists in seizing a mass of clay in 
the hands, and, with a twist of both at once, tearing it into two pieces, or cutting it with 
a wire. These are again slapped together with force, but in a different -direction from 
that in which they adhered before, and then dashed down on a board. The mass is 
once more torn or cut asunder at right angles, again slapped together, and so worked 
reputedly for 20 or 30 times, which ensures so complete an incorporation of the 
dinerent parts, that if the mass had been at first half black and half white clay, it 
would now be of a uniform grey colour. A similar effect is produced in some largo 
establishments by a slicing machine, like that used for cutting down the clay lumps 
as they come from the pit. 

In the axis of a cast-iron cylinder or cone, an upright shaft is nicade to revolve, from 
which the spiral-shaped blades extend, with their edges placed in the direction of 
rotation. The pieces of clay sulgected to the action of these knives (with the reaction 
of fixed ones) are minced to small morsels, which are forced pell-mell l)y the screw- 
like pressure into an opening of the bottom of the cylinder or cone from which a 
horizontal pipe about 6 inches square proceeds. The dough is made to issue through 
this outlet, and is then cut into lengths of about 12 inches. These clay pillars 
or prisms are thrown back into the cylinder, and subjected to the same operation 
again and again, till the lumps have tlieir particles perfectly blended together. Tliis 
process may advantageously precede their being set aside to ripen in a damp cellar. 
In France the earthenware dough is not worked in such a machine ; but after being 
beat with wooden mallets, a practice common also in England, it is laid down on a 
clean floor, and a workman is sot to tread upon it with naked feet for a considerable 
time, walking in a spiral direction from the centre to the circumference, and from 
the circumference to the centre. In Sweden, and also in China (to judge from the 
Chinese paintings which represent their manner of making porcelain), the clay is 
trodden to a uniform mass by oxen. It is afterwards, in all cases, kneaded like 
baker’s dough, by folding back the cake upon itself, and kneading it out alternately. 

Although we have abundant evidence proving to us the importance of the so-called 
fermenting process, of the treading operation, and of the slapping, we are not in 
possession of any explanation, w'hich is in the slightest degree reliable, as to any one 
of the changes which may be effected in the mass by these manipulations. 

The basis of the English earthenware is a clay, brought from Dorsetshire and 
Devonshire, which lies at the depth of from 25 to 30 feet beneath the surfice. It is 
composed of about 24 parts of alumina and 76 of silica, with other ingredients in very 
small proportions. This clay is very refractory in high heats, a property whicli 
joined to its whiteness when burned, renders it peculiarly valuable for pottery. It is 
also the basis of all the yellow biscuit- ware called cream colour, and in general of 
what is called the printing hody\ as also for the semi-vi trifled ware of Wedgwood’s 
invention, and of the tender (soft) porcelain. 

The constituents of earthenware are, Dorsetshire clay, the powder of calcined 
flints, and of tbe decomposed granite called Cornish stone. The proportions are 
varied by the different manufacturers. The following are those generally adopted 
in one of the principal establishments of Staffordshire : — 

For cream colour ware, Silex or ground flints .... 20 parts. 

Clay 100 „ 

Cknmish stone 2 „ 

Composition of the Paste for receiving the Printing Body under the Glaze, 

For this purpose the proportions of the flint and the felspar must bo increased. The 
substances are mixed separately with water into the consistence of a thick cream, 
which weig^ per mnt, for the flints 82 ounces, and for the Cornish stone 28. The 
china-clay is added to the same mixture of flint and felspar, when a finer pottery 
fr porcelaiu is required. That clay-cream weighs 24 ounces per pint. These 24 
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ounces in weight are reduced to ono-third of their bulk by evaporation.^ The pint 
of dry porcelain-clay weighs 17 ounces, and in its first pasty state 24, as just stated. 
The dry flint-powder weighs 14^ ounces per pint; which when made into a cream 
weighs 32 ounces. To 40 measures of Teignmouth clay-cream there are added, 

13 measures of flint-liquor. 

12 M „ porcelain clay ditto. 

1 „ „ Cornish stone ditto. 

The whole are well mixed by proper agitation, half dried in the troughs of the slip- 
kiln, and then subjected to the machine for cutting up the clay into junks. The 
above paste, when baked, is very white, hard, sonorous, and susceptible of receiving 
all sorts of impressions from tlio paper engravings. When the silica is mixed witli 
the clay in tlie above proportions, it forms a compact ware, and the impression 
remains fixed b(;twceri the biscuit and the glaze, without communicating to either any 
portion of the tint of the metiillic colour employed in the engraver’s press. The 
felspar gives strength to tlio biscuit, and renders it sonorous after being baked ; while 
the china-clay has the double advantiige of imparting an agreeable whiteness and 
grt'at closeness of grain. 

Wo must now proceed to a consideration of the manufacture. The clay being pre- 
pared, is submitted to the potter, who employs at the present day a wheel of the same 
description as that used in the days of Moses. 

Throwing is performed upon a tool called the potter s hithe. This consists of an 
upright iron shaft, about the height of a common table, on the top of which is fixed, 
hy its centre, a horizontal disc or circular piece of wood, of an area sufficiently 
great for the largest vessel to stand upon. The lower end of the shaft is pointed, 
and runs in a conical step, and its collar, a little below the top-board, being truly 
turned, is embraced in a socket attached to the wooden frame of the lathe. The shaft 
has a pulley fixed upon it, with grooves for 3 speeds, over which an endless band 
passes from a fly-wheel, by whose revolution any desired rapidity of rotation may ho 
given to the shaft and its top-board. This wheel, when small, may be placed along- 
side, as in the turner’s lathe, and then it is driven by a treadle and crank ; or when 
of larger dimensions, it is turned by tlio arms of a labourer. 



Fig. 1643 is the profile of the ordinary potter’s lathe, for hlocking-out round 
ware, c is the table or tray ; a is the head of the lathe, with its horizontal disc ; a, 6, 
is the upright shaft of the head ; pulleys with several grooves of different diamotera, 
fixed upon the shaft, for receiving the driving-cord or band ; A: is a bench upon which 
tlie workman sits astride ; c, the treadle foot-board ; Hs a ledge-board, for catching 
the shavings of clay which fly off from the lathe ; h is an instrument, with a slide-nut 
for measuring the objects in the blocking-out ; c is tlie fly-wheel, with its winch- 
handle, r, turned by an assistant ; the sole-fnirao is secured in its place by the heavy 
stone ^ ; y'is the oblong guide-pulley, having also several grooves for converting the 
vortical movement of the fly-wheel into the horizontal movement of the head of the 
lathe. 

D is one of the intermediate forms given by the potter to the ball of clay, as it re- 
volves upon the head of the lathe. 

In large potteries, the whole of the lathes, both for throwing and turning, are put in 
motion by a steam-engine. The vortical spindle of the lathe has a bevel wheel on it, 
which works in another bevel-toothed wheel fixed to a horizontal shaft. This is 
provided with a long conical wooden drum, from which a strap ascends to a similar 
conical drum on the main lying shaft. The apex of the one cone corresponds to the 
base of the other, which allows the strap to retain the same degree of tendon, while 
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it ii made to traverse horizontally, in order to vary the speed of the lathe at pleasure. 
When the belt is at the base of the driving-cone, it works near the vortex of the 
driven one, so as to give a maximum velocity to the lathe, and vice vcrsd. 

During the tlirowing of any article, a separate mechanism is conducted by a boy, 
which makes the strap move parallel to itself along these conical drums, and nicely 
regulates the speed of the lathe. When the strap runs at the middle of the cones, the 
velocity of each shaft is equal. By this elegant contrivance of parallel cones reversed, 
the velocity rises gradually to its maximum, and returns to its minimum or slower 
motion when the workman is about to finish the article thrown. The stnip is then 
transferred to a pair of loose pulleyt, and the lathe stops. The vessel is now cut off 
at the base with a small wire ; is dried, turned on a power-lathe, and polished as 
above described. 

The same degree of dryness which admits of the clay being turned on the lathe, also 
suits for fixing on the handles and other appendages to the vessels. The parts to be 
attached being previously prepared, are joined to the circular work by means of a 
thin paste, which the workmen call and the seams are then smoothed off with 
a wet sponge. They are now taken to a stove-room heated to 80° or 90° F., and 
fitted up with a groat many shelves. When they are fully dried, they are smoothed 
over with a small bundle of hemp, if the articles be fine, and are then ready for the 
kiln, which is to convert the tender clay into the hard biscuit. 

At a certain stage of the drying, called the green state, the ware possesses a greater 
tenacity than at any other, till it is baked. It is then taken to another lathe, called 
the turning lathe, where it is attached by a little moisture to the vortical face of .a 
wooden chuck, and turned nicely into its proper shape with a very sharp tool, which 
also smooths it. After this it is slightly burnished with a smooth steel surface. 
A great variety of pottery wares, however, cannot be fashioned on the lathe, as they 
jire not of a circular form. These are made by two different matters, the one called 
pres8-V3ork, and the other casting. The press-work is done in moulds made of Paris 
plaster, the one half of the pattern being formed in the one side of the mould, and the 
other half in the other side ; these moulding-pieces fit accurately together. All vessels 
of an oval form, and such as have flat sides, are made in this way. Handles of tea- 
pots, and fluted solid rods of various shapes, are formed by pressure also ; viz. by 
squeezing the dough contained in a pump-barrel through different-shaped orifices at its 
bottom, by working a screw applied to the piston-rod. The worm-shaped dough, as it 
issues, is cut to proper lengths, and bent into the desin d form. Tubes nmy be also 
made on the same pressure principle, only a tubular opening must be provided in the 
bottom-plate of the clay-forcing pump. The temperature of the various rooms in a 
pottery is as follows : — 

Plate-makers’ hothouse ] 08° Fahr, 

Dish-makers’ hothouse 106 „ 

Printers’ shop 90 „ 

Throwers’ hothouse 98 „ 

The branches against which the temperature of the hothouse is placed require that 
heat for drying their work and getting it off their moulds. The outer shops in which 
they work may be from five to ten degrees less. 

The other method of fashioning eartluenware articles is called casting, and is, perhaps, 
the most elegant for such as have an irregular shape. This operation consists in pour- 
ing the clay, in the state of pap or slip, into plaster-moulds, which are kept in a 
desiccated state. These moulds, as well us the pressure ones, are made in halves, which 
nicely corresjmnd together. The slip is poured in till the cavity is quite full, and is 
left in the mould for a certain time, more or less, according to the intended thickness of 
the vessel. The absorbent power of the plaster soon abstracts the water, and makes the 
coat of clay in contact with it quite doughy and stiff so that the part still liquid being 
poured out» a hollow shape remains, wliich when removed from the mould constitutes 
the half of the vessel, bearing externally the exact impress of tlio mould. The thickness 
of the clay varies with the time that the paste has stood upon the plaster. These 
cast articles are dried to the green state, like the preceding, and then joined accurately 
with dip. Imitations of flowers and foliage are elegantly executed in this way. This 
operation, which is called furnishing, requires very delicate and dexterous manipula- 
tion. 

The saggers for the nnglazed coloured ware should bo covered inside with a 
glaze composed of 12 parts of common salt and 30 of potash, or 6 parts of potash and 
14 of salt ; which may bo mixed with a little of the common enamel for the glazed 
po^ry saggers. The bottom of each sagger has some bits of flints sprinkled upon it, 
which become so adherent after the first firing as to form a multitude of little promi- 
Benoes for setting the ware upon, when this does not consist of plates. It is the duty 
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of the workmen belonging to the glaze-kiln to make the Baggers during the intervals 
of their work ; or if there be a relay of hands, the man who is not firing makes the 
saggers. 

When the ware is suflBciently dry, and in sufficient quantity to fill a kiln, the next 
process is placing the various articles in the baked fire-clay vessels, which maybe either 
of a cylindrical or oval shape ; called gazettes^ Yt. ; Kapseln^ Ger. These are from 6 
to 8 inches deep, and from 12 to 18 inches in diameter. When packed full of the dry 
ware, they are piled over each other in the kiln. The bottom of the upper sagger forms 
the lid of its follow below ; and the junction of the two is luted with a ring of soft 
clay applied between them. These dishes protect the ware from being suddenly and 
unequally heated, and from being soiled by the smoko and vapours of the fuel. Each 
pile of saggers is called a bung. 

Plan of an English Potterg. 

A pottery should be placed by the side of a canal or navigable river, because the 
articles manufactured do not well bear land-carriage. 

A Staffordshire pottery is usually built as a quadrangle, each side being about 100 
feet long, the walls 1 0 feet high, and the ridge of the roof 5 feet more. The base of 
the edifice consists of abed of bricks, 18 inches high and 16 inches thick; upon 
which a mud wall in a wooden frame, called pise, is raised. Cellars are formed in 
front of the buildings, as depots for the pastes prepared in the establishment. The wall 
of the yard or court is 9 feet high and 18 inches thick. 

A, fig. 1644, is the entrance door ; n, the porters lodge ; c, a particular warehouse ; 
n, workshop of the plaster-moulder ; e, the clay depot ; f, f, large gates, 6 feet 8 
inches high ; o, the winter evaporation-stove ; h, the shop for sifting the paste- 
liquors ; I, sheds for the paste-liquor tubs; j, paste-liquor pits ; k, workshop for the 
moulder of hollow ware ; l, ditto of the dish or plate moulder ; m, the plate drying- 
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stove N, workshop of the biscuit-printers ; o, ditto of the biscuit, ^th o', a long 
window ; p, passage leading to the paste-liquor pits ; Q, biscuit warehouse ; B, place 
where the biscuit is cleaned as it comes out of the biscuit-kilns, s, s ; T, T, enamel- or 
VolJII. li R 
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glase-kilnfi ; r, long passage ; v, space left for supplementary workshops ; x., sp/ice 
appointed as a dep6t for the sagger fire-clay, as also for making the saggers ; z, the 
workshop for applying the glaze-liquor to the biscuits ; a, apartment for cleaning the 
glazed ware ; 6, o, pumps ; c, basin ; muffles ; c, warehouse for the finished stone- 
ware ; /, that ck the glazed goods ; p, g, another warehouse ; A, a large space for the 
smith’s ibrge, carpenter’s shop, packing room, dep6t of clays, saggers, &c. The 
packing and loading of the goods are performed in front of the warehouse, which has 
two outlets, in order to facilitate the work ; t, a passage to the court or yard ; I, a 
space frar the wooden sheds for keeping hay, clay, and other miscellaneous articles ; 
m, room for puttiug the biscuit 'nto the saggers ; w', a long window ; w, workshop 
with lathes and fly-wheels ; o, drying*room ; jO, room for mounting or furnishing 
the pieces ; 5^, repairing room ; r, drying room of the goods roughly turned ; b, rough 
turning or blocking-out room ; f, room for beating the paste or doiigb ; counting- 
house. 

Tottery KUn of Sfaffordshirr. 

Figs. 1645, 1646, 1647, 1648, 1649, represent the kiln for baking the biscuit, and 
also for running the glaze, in the English potteries. 

a, fl, fgs. 1646, 1646, 1647, are the furnaces which heat the kiln; of which />, in 
Jig. 1646, are the upper mouths, and 6' the lower; the former being closed more or 
less by the fire-tile r, shown in Jig. 1649. 
fie one fireplace ; for the manner of distributing the fuel in it, see///. 1649. 
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y* 1645, 1649, are the horizontal and vertical flues and ehinineys for con- 
ducting the flame and smoke. I is the laboratory, or body of the kiln ; having its floor, 
A*, sloping slightly downwards from the centre to the circumference, x, y, is the slit 
of the horizontal register leading to the chimney -flue, y, of the furnace, being the first 
regulator; x, ?/., is the vertical register-conduit, leading 
to the furnace or mouth /, being the second regulator ; 
V is the register-slit above the furnac(i, and its vortical 
flue leading into the body of the kiln ; t/, c, slit for 
regulating flue at the shoulder of the kiln ; i is jin arch 
which supports the walls of the kiln, when the furnace is 
under repair ; e, c, are small flues in the vault *• of the 
laboratory. h^Jig. 1646, is the central flue, called lunetie, of the laboratory. 

T, T, is the conical tower or howell, strengthened with a series of iron hoops, o is 
ths^ great chimney or lunette of th6 tower ; p is the door of the laboratoiy, bound 
inside with an iron frame. 

A, is the complete kiln and kouxil, with all its appurtenances. 
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B, fig. 1646, is tlie plan at the level d, of the floor, to show the arrangement 
and distribution of all the horizontal flues, lx>th circular and radiating. 

c, fig. 1647, is a plan at the level e, e, of the upper 
mouths of the furnaces, to show the disposition of the 
fireplaces of the vertical flues, and of the horizontal 
registers, or peep-holes. 

D, fig. 1647, is a bird’s-eye view of the top of the 
vault or dome s, to show the disposition of the vent- 
holes, c, c. 

F.,fig. 1648, is a detailed plan at tho level c, c, of one 
furnace and its dependencies. 

F, fig. 1640, is a transverse section, in detail, of one 
furnace and its dependencies. 

The same letters indicate the same objects in all the figures. 

Charging of the kiln. — The saggers are piled up first in the space between each of 
tho upright furnaces, till they rise to the top of tho flues. These contain the smaller 
articles. Above this level large fire-tiles are laid, for supporting other saggers, filled 
with teacups, sugar-basins, &c. In the bottom part of the pile, within the preceding, 
tho same sorts of articles are put ; but in the upper part all such articles are placed 
as require a high heat. Four piles of small saggers, with a middle one 10 inches in 
height, complete the charge. As there are 6 piles between each furnace, and as the 
biscuit-kiln has 8 furnaces, a charge consequently amounts to 48 or 50 bungs, each 
composed of from 18 to 19 saggers. The inclination of the bungs ought always to 
follow the form of the kiln, and should therefore tend towards the centre, lest the 
strong draught of the furnaces should make the saggers fall against tho walls of the 
kiln, an accident apt to happen were these piles perpendicular. The last sagger of 
each bung is covered with an unbaked one, three inches deep, in place of a round lid. 
Tho watches are small cups, of the same biscuit as the charge, placed in saggers, four 
in number, above tho level of the flue-tops. They are taken hastily out of the saggers, 
lest they should get smoked, and are thrown into cold water. 

When the charging is completed, the firing is commenced, with coal of the best 
quality. The management of tho furnaces is a matter of groat consequence to the 
success of tho process. No greater heat should be employed for some time than may 
bo necessary to agglutinate tho particles which enter into the composition of tho paste, 
by evaporating all the humidity; and the heat should never be raised so high as to 
endanger the fusion of the ware, which would make it very brittle. 

Whenever tho mouth or door of tho kiln is built up, a child prepares several fires in 
the neighbourhood of the AotceZ/, wdiilo a labourer transports in a wheelbarrow a supply 
of coals, and introduces into each furnace a number of lumps. These lumps divide 
the furnace into two parts ; those for the upper flues being placed above, and those 
for the ground flues below, which must be kept unobstructed. 

The flre-mouths being charged, they are kindled to begin the baking, the regulator 
tile, r-, fig. 1649, being now opened ; an hour afterwards tho bricks at tho bottom of 
the furnace are stopped up. Tho fire is usually kindled at 6 o’clock in the evening, 
and progressively increased till 10, when it begins to gain force, and tho flame rises 
half-way up the chimney. The second charge is put in at 8 o'clock, and tho mouths 
of the furnaces aro then covered with tiles ; by which time the flame issues through 
the vent of the tower. An hour afterwards a fresh charge is made ; tho tiles s, which 
cover tho furnaces, arc slipped back ; the cinders are drawn to tho front, and replaced 
with small coal. About half-past 11 o’clock tho kiln-man examiues his furnaces, to 
see that their draught is properly regulated. An hour afterwards a new charge of 
coal is applied ; a practice repeated hourly till 6 o’chxik in tho morning. At this 
moment he takes out his first watch, to see how the baking goes on. It should be at 
a very pale-red heat ; but the watch of 7 o’clock should be a deeper red. He removes 
the tiles from those furnaces which appear to have been burning too strongly, or 
whose flame issues by the orifices made in the shoulder of tho kiln ; and puts tiles 
upon those which are not hot enough. The flames glide along briskly in a regular 
manner. At this period he draws out the watches every quarter of an hour, and 
compares them with those reserved from a previous standard kiln ; and if ho observes 
a similarity of appearance, he allows the furnaces to burn a little longer ; then opens 
the mouths carefully and by slow degrees ; so as to lower the heat and finish the 
round. 

The baking usually lasts from 40 to 42 hours ; in which time the biscuit-kiln may 
consume 14 tons of coals ; of which four are put in the first day, seven the next day 
and following night, ::nd tho last four give the strong finishing heat. 

Emptying the kiln. — Tho kiln is allowed to cool very slowly. On taking the ware 
out of the saggers, the biscuit is not subjected to friction, as in the foreign potteries, 
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b«caiuie it is smooth enough ; but is immediately transported to the place where it is 
;to be dipped in the glaze- or enamel- tub. A child makes the pieces ring, by striking 
with the handle of the brush, as he dusts them, and then immerses them into the 
glaze-cream ; from which tub they are taken out by the enamoller, and shaken in the 
air. The tub usually contains no more than 4 or 6 inches depth of the glaze, to 
enable ^e workman to pick out the articles more readily, and to lay them upon a 
board, whence they are taken by a child to the glaze-kiln. 

Of Porceiain. 

Porcelain is a kind of pottery ware whose paste is fine grained, compact, veiy hard, 
and faintly translucid ; and whoso biscuit softens slightly in the kiln. Its ordinary 
whiteness cannot form a definite character, since there are porcelain pastes variously 
coloured. There are two species of porcelain, very different in their nature, the 
essential properties of which it is of consequence to establisli ; the one is called hard, 
and the other tender or soft : important distinctions, the neglect of which has introduced 
great confusion into many treatises on this elegant manufacture. 

Hard porcelain is essentially composed, first, of a natural clay containing some 
silica, infusible, and preserving its whiteness in a strong heat ; this is almost alwa 3 ^s a 
true kaolin ; secondly, of a flux, consisting of silica and alkali, composing a quartzoso 
felspar rock, called pedundse. The glaze of this porcelain, likewise carting admits of 
no metallic substance. 

The biscuit of the hard porcelain made at the French national manufactory of 
Sevres is generally composed of a kaolin-clay, and of a decomposed felspar-rock ; 
analogous to the china-clay of Cornwall and Cornish stone. Both of the above 
Frendi materials come from Saint Yrieux-la-Perche, near Limoges. 

After many experiments, the follownng composition has been adopted for the service 
paste of the Koyal manufactory of Sevres ; that is, for all the ware wdiich is to be 
glazed: silica, 59; alumina, 35 2 ; potash, 2*2; lime, 3’3. The conditions of such a 
compound are pretty nearly fulfilled by taking from 63 to 70 of the w'ashed kaolin or 
china-day, 22 to 15 of the felspar, nearly 10 of flint-powder, and about 5 of chalk. The 
glaze is composed solely of solid felspar, calcined, crushed, and then ground fine at 
the mill. This rock pretty uniformly consists of silica 73, alumina ]6‘2, potash 8*4, 
and water 0*6. 

The kaolin is washed at the pit, and sent in this state to S^\Tes, under the name of 
decanted earth. At the manufactory it is washed and elutriated with care ; iind its 
slip is passed through fine sieves. This forms the plastic, infusible, and opaque 
ingredient to which the substonce must be added which gives it a certain degree of 
fusibility and semi-transparency. The felspar-rock used for tliis }:)urpose should 
contain neither dark mica nor iron, either as an oxide or sulphide. It is wilcined to 
make it crushable under stamp-pestles driven by machinery, and then ground fine in 
hornstone (chert) mills. This pulverulent matter being diffused througli water, is 
mixed in certain proportions regulated by its quality, with the argillaceous slip. The 
mixture is deprived of the chief part of its water in shallow plaster pans wnthoul 
heat ; and the resulting paste is set aside to ripen, in damp cellars, for manj' months. 

When wanted for use, it is placed in hemispherical pans of plaster, which absorb 
the redundant moisture ; after which it is divided into small lumps, and completely 
dried. It is next pulverised, moistened a little, laid on a floor, and trodden npon by 
a workman marching over it with bare feet in every direction; tlie parings and 
fragments of soft moulded articles being intermixed, which improve the plasticity of 
the whole. When sufl&ciently tramped, it is made up into masses of the size of a 
man’s head, and kept damp till required 

The dough is now in a state fit for the potter’s lathe ; but it is much less plastic 
than earthenware paste, and is more difiScult to fashion into the various articles ; and 
hence one cause of the higher price of porcelain. 

The round plates and dishes are shaped on plaster-moulds ; but sometimes the paste 
is laid on as a crust, and at others it is turned into shape on the lathe. When a crust 
is to be made, a moistened sheep-skin is spread on a marble table ; and over this the 
dough is extended with a rolling-pin, supported on two guide-rules. The crust is 
then transferred over the plaster-mould by lifting it upon the skin ; for it wants 
tenacity to bear raising by itself. When the piece is to be fashioned on the lathe, a 
lump of the dough is thrown on the centre of the horizontal wooden disc, and turned 
into form as dirwted in treating of earthenware, only it must be left much thicker than 
in its finished state. After it dries to a certain degree on the plaster-mould, the work- 
man replaces it on the lathe, by moistening it on its base with a wet sponge, and 
fixiishes its form with an iron tool. A good workman at Sevres makes no more than 
from 15 to 20 porcelain plates in a day ; whereas an English potter, with two boys, 



POTTERY 


613 


makes from 1,000 to 1,200 plates of earthenware in the same time. The pieces, which 
are not round, are shaped in plaster-moulds, and finished by hand. When the 
articles are very largo, as wash-hand basins, salads, &c., a flat cake is spread above a 
skin on -the marble slab, which is then applied to the mould with the sponge, as for 
plates ; and they are finished by hand. 

The projecting pieces, such as handles, beaks, spouts, and ornaments, are moulded 
and adjusted separately ; and are cemented to the bodies of china-ware with slip, or 
porcelain dough thinned with water. In fiict, the mechanical processes with porcelain 
and the finer stoneware are substantially the same ; only they require more time and 
grefiter nicety. The least defect in the fabrication, the smallest bit added, an unequal 
pressure, tlio cracks of the moulds, although well repaired, and seemingly effaced in 
the clay shape, re-appoar after it is baketl. The articles should bo allowed to dry 
very slowly ; if hurried but a little, they are liable to be spoiled. When quite dry, 
they arc taken to the kiln. 

The kiln for hard porcelain at Sevres is a kind of tower in two flats, constructed 
of fire-bricks ; and resembles, in other respects, the earthenware kilns already figured 
and described. The fuel is young aspen wood, very dry, and cleft very small ; it is 
put into the apertures of the four outside furnaces or fire-mouths, which dischai^e 
their flames into the inside of the kiln ; each floor being closed in above, by a dome 
pierced with holes. The whole is covered in by a roof with an open passage, placed 
at a proper distance from the uppermost dome. There is, therefore, no chimney proper 
so called. 

The raw pieces are put into the upper floor of the kiln ; where they receive a heat 
of about the 60th degree of Wedgwood’s pyrometer, and a commencement of baking, 
which, without altering the shape, or causing a perceptible shrinking of their bulk, 
makes them completely dry, and gives them suf&cient solidity to bear handling. By 
this preliminary baking, the clay loses its property of forming a piste with water ; and 
the pieces become fit for receiving the glazing coat, as they may bo dipped in water 
without risk of breakage. 

The glaze of hard porcelain is a felspar rock ; this being ground to a very fine 
powder, is worked into a paste with water mingled with a little vinegar. All the 
articles are dipped into this milky liquid for an instant ; and as they are very porous 
they absorb the water greedily, whereby a layer of the felspar-glaze is deposited on 
their surface, in a nearly dry state, as soon ns they are lifted out. Glaze-pap is 
afterwards applied ^vith a hair-brush to the projecting edges, or any points where it 
has not taken ; and the powder is then removed from the part on whicii the article is 
to stand, lest it should get fixed to its support in the fire. After these operations, it is 
replaced in the kiln, to Ido completely baked. 

The articles are put into saggers, like those of fine stoneware ; and this operation 
is one of the most delicate and expensive in the manufacture of porcelain. The 
saggers are made of the plastic or potter’s clay of Aboudant, to which about a third 
part of cement of broken saggers has been added. 

As the porcelain pieces soften somewhat in the fire, they cannot be set above each 
other, even wore they free from glaze ; for the same reason they cannot be baked on 
tripods, several of them being in one case, as is done with stoneware. Every piece of 
porcelain requires a sagger for itself. They must, moreover, be placed on a perfectly 
flat surface, because in softening they would be apt to conform to the irregularities of 
a rough one. When, therefore, any piece, a soup-plate for example, is to be saggered^ 
there is laid on the bottom of the case a perfectly true disc or round cake of stone- 
ware, made of the sagger material, and it is secured in its place on three small props 
of a clay-lute consisting of potter’s clay mixed wdth a great deal of sand. When the 
cake is carefully levelled, it is moistened, and dusted over with sand, or coated with a 
film of fire-clay slip, and the porcelain is carefully sot on it. The sand or fire-clay 
hinders it from sticking to the cake. Several small articles may be set on the same 
cfiko, provided they do not touch one another. 

The saggers containing the pieces thus arranged are piled up in the kiln over each 
other, in the columnar form, till the whole space be occupied ; leaving veiy moderate 
intervals between the columns to favour the draught of the fires. The whole being 
arranged "with these precautions and several others too minute to be specified here, 
the door of the kiln is built up with three rows of bricks, leaving merely an opening 
8 inches square, through which there is access to a sagger with the nearest side cut 
oiF. In this sagger are put fragments of porcelain intended to be withdrawn from 
time to time, in order to judge of the progress of the baking. These are called trial- 
pieces or watches {montrea). This opening into the watches is closed by a stopper of 
stoneware. 

The firing begins by throwing into the furnace-mouths some pretty large pieces of 
white wood; and the heat is maintained for about Id hours, gi^ually raising it by 
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the Addition of a larger qtiantity of the wood, till at the end of that period the kiln has 
a dierry-xed colour within. The heat is now greatly increased by the operation termed 
ooffenna the fwe. Instead of throwing billets vertically into the four furnaces, there is 
placed noriaontally on the openings of these furnaces, aspen wood of a sound texture, 
cleft small, laid in a sloping position. The brisk and long flame which it yields dips 
into the tunnels, penetrates the kiln, and circulates round the sagger-piles. The heat 
augments rapidly, and at the end of 13 or 15 hours of this firing the interior of the 
kiln is BO white t^t the watches can hardly be distinguished. The draught, indeed, 
is so rapid at this time, that one may place his hand on the slope of the wood without 
feeling incommoded by the heat. Everything is consumed, no small charcoal remains, 
smoke is no longer produced, and even the wood-ash is dissipated. It is obvious that 
the kiln and the saggers must be composed of a very refractory clay, in order to 
resist such a fire. The heat in the Sfevres kilns mounts as high as the 134th degree 
of Wedgwood. 

At the end of 16 or 20 hours of the great fire, that is, after from 30 to 36 hours’ 
firing, the porcelain is baked ; as is ascertained by taking out and examining the 
watches. The kiln is suffered to cool during 3 or 4 days, and is then opened and 
dischaiged. The sand strewed on the cakes to prevent the Jidhesion of the articles to 
them, gets attached to their sole, and is removed by friction with a hard sandstone ; 
an operation which one wonnin can perform for a whole kiln in less than 10 days ; 
and 18 the last applied to hard porcelain, unless it needs to be returned into the hot 
kiln to have some defects repair^. 

The materials of fine porcelain are veiy rare ; and there w’ould be no advantage 
in making a grey-white porcelain with coarser and somewdiat cheaper moterials, lor 
the other sources of expense above detailed, and w^hich are of most consequence, 
would still exist ; while the porcelain, losing much of its brightness, would lose the 
main part of its value. 

Its pap or dough, which requires tedious grinding and manipulation, is also more 
difficult to work into shapes, in the ratio of 80 to 1 , compared to fine earthenware. 
Each porcelain plate requires a separate sagger ; so that 12 occupy in the kiln a space 
sufficient for at least 88 earthenware plates. The temperature of a hard porcelain 
kiln being very high, involves a proportionate consumption of fuel and W'aste of 
saggers. With 40 cubic meters of wood, 12,000 earthenware plates may be completely 
fired, both in the biscuit- and glaze-kilns ; while the same quantity of wood would bake 
at most only 1 ,000 plates of porcelain. 

The process of bisque firing is as follows : the ware being finished from the liancls 
of the potter is brought by liim upon boards to the ‘ green-house,’ so called from 
its being the receptacle for ware in the ‘ green ’ or unfired stale. It is here gradually 
dried for the ovens ; when ready it is carried to the ‘ sagger-house ’ in immediate 
connection with the oven in which it is to be fired, and here it is placed in the 

* saggers these are boxes made of a peculiar kind of clay (a native marl) pre- 
viously fired, and infusible at the heat required for the ware, and of form suited to 
the articles they are to contain. A little dry, pounded flint is scattered between pieces 
of china, and sand between earthenware, to imevent adhesion. The purpose of the sagger 
is to protect the ware from the flames and smoko, and also for its security from 
breakaj^t as in the clay state it is exceedingly brittle, and when dry, or what is called 
‘white,* requires great care in the handling. A plate sagger will hold twenty plates 
placed one on the other of earthenware, but china plates are fired separately in 
‘ setters’ made of their respective forms. The ‘setters ’ for china plates and dishes 
answer the same purpose as the saggers, and are made of the samo clay. They takt) 
in one dish or plate each, and are ‘ reared ’ in the oven in ‘ bungs ’ one on the 
other. 

The hovels in which the ovens are built form a very peculiar and striking fenture 
of the pottery towns, and forcibly arrest the attention and excite the surprise of the 
stranger, resembling as they closely do a succession of gigantic beehives. They are 
conatmeted of bricks about 40 feet in diameter, and about 36 feet high, with an 
aperture at the top for the escape of the smoke. The ‘ ovens ’ arc of a similar form, 
a&>ut 22 feet diameter, and from 18 to 21 feet high, heated by fireplaces or 

* mouths,’ about nine in number, built externally around them. Flues in connection 
with these converge under the bottom of the oven to a central opening, drawing tlie 
fiamee to this pointy where they enter the oven ; other flues termed ‘ bags ’ pass np 
the internal sides to the height of about 4 feet, thus conveying the flames to the 
upper part 

When ‘setting in’ the oven, the firemen enter by an opening in the side, carrying 
the saggers wiu the ware pl^ed as described; these are piled one upon another, 
fieom bottom to top of the oven, care being taken to arrange them so that they may 
noeive the heat (which varies In difitoent parts) most suited to the articles tliey 
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contain. This being continued till the oven is filled, the aperture is tlien bricked 
up. The firing of earthenware bisque continues sixty hours, and of china forty-eight. 

The quantity of coals necessary for a ‘bisque’ oven is from 16 to 20 tons; for a 
‘ glost ’ oven from 4.J to 6 tons. 

The ware is allowed to cool for two days, when it is drawn in the sbite technically 
called ‘ biscuit’ or bisque, and is then ready for ‘ glazing,’ except when required for 
printing or a common style of painting, both of which processes are done on the 
bisque prior to being ‘ glazed.’ 

Tender porcelain, or soft china-ware, is made with a vitreous frit, rendered less 
fusible and opaque by an addition of white marl or bone-ash. The frit is, therefore, 
first prepared. This, at Sevres, is a composition, made with some nitre, a little sea 
salt, Alicant barilla, alum, gypsum, and much siliceous sand or ground flints. That 
mixture is subjected to an incipient pasty fusion in a furnace, where it is stirred about 
to blend the materials well ; and thus a very white spon^ frit is obtained. It is 
pulverised, and to every three parts of it, one of the white marl of Argenteuil is 
added ; and when the whole are well ground, and intimately mixed, the paste of 
tender porcelain is formed. 

As this piste has no tenacity, it cannot bear working till a mucihige of gum or black 
soap bo added, whicli gives it a kind of plasticity, though even then it will not bear the 
latlic. Hence it must bo fashioned in the pr(‘ss, between two moulds of plaster. The 
pieces are left thicker than they should be ; and when dried, are finished on the lathe 
with iron tools. 

In this state they are baked, without any glaze being applied ; but as this porcelain 
softens far more during the baking than the hard porcelain, it needs to be supported 
on every side. This is done by baking on earthen moulds all such pieces as can he 
treated in this Wfiy, namely, plates, saucers, &c. The pieces are reversed on these 
moulds, and undergo their shrinkage without losing their form. Beneath other 
firticles, sujiports of a like paste are laid, which suffer in baking the same contraction 
as the articles, and of course can servo only once. In this operation saggers are 
used, in which the pieces and their supports are fired. 

The kiln for the tender porcelain at Sevres is absolutely similar to that for the com- 
mon earthenware ; but it has two floors ; and while the biscuit is baked in the lower 
story, the glaze is fused in the upper one ; which causes considerable economy of 
fuel. The glaze of soft porcelain is a species of glass or crystal prepared on purpose. 
It is composed of flint, siliceous sand, a little potash or soda, audalxmt two-fifth parts 
of lead oxide. This mixture is melted in crucibles or pots beneath the kiln. The 
resulting glass is ground fine, and diffused through water mixed with a little vinegar 
to the consistence of cream. All the pieces of biscuit arc covered with this glaz;y 
matter, by pouring this slip over them, since their substance is not absorbent enough 
to take it on by immersion. 

The pi(!cc.s are encased once more each in a separate sagger, but without any sup- 
ports ; for the heat of the upper floor of the kiln, though adequate to melt the glaze, 
is not strong enough to soften the biscuit. But as this first vitreous coat is not very 
equal, a second one is applied, and the pieces are retiumed to the kiln for the third 
time. See Stone, Artificial, for a view of this kiln. 

The manufacture of soft porcelain is longer and more difficult than that of hard ; 
its biscuit is dearer, although the raw materials mny I)c found everywhere ; and it 
furnishes also more refuse. Many of the pieces split asunder, receive fissures, or become 
deformed in the biscuit-kiln, in spite of the supports; and this vitreous porcelain, 
moreover, is always yellower, more transparent, and incapable of bearing rapid transi- 
tions of temperature, so that even the heat of boiling water frequently cracks it. It 
possesses some advantages as to painting, and may be made so gaudy and brilliant in 
its decorations, as to captivate the vulgar eye. 

The best English porcelain is made from a mixture of the Cornish and Devonshire 
kaolin (called china-clay), ground flints, ground Cornish stone, and calcined bones 
in powd(T, or bone-ash, besides some other materials, according to the fancy of the 
manufacturers. A liquid pap is made with these materials, compounded in certain 
proportions, and diluted with water. The fluid part is then withdrawn by the 
absorbent action of dry stucco basins or pan.s. The dough, brought to a proper stiff- 
ness, and perfectly worked and kneaded on the principles detailed above, is 
fashioned on the lathe, by the hands of modellers, or by pressure in moulds. The 
pieces are then baked to the state of biscuit in a kiln, being enclosed, of course, in 
sabers. 

This biscuit has the aspect of white sugar, and being very porous, must receive a 
vitreous coating. The glaze consists of ground felspar or Cornish stone. Into this, 
diflfiised in water, along with a little fire-powder and potash, the biscuit ware is 
dipped, as already described. The pieces are then fired in the glaze-kiln, care being 
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taken, before putting them into their saggers, to remove the glaze-powder from their 
bo^m parte, to prevent their adhesion to the fire-clay vessel. 

JBo^t IS a paste composed of 6 parts of clay, 3 of felspar, 2 of silex, and 

1 of china-clay. 

Jrofwtone-CAtwa. Some of the English porcelain has been called ironstone-china. 
Tms IS composed usually of 60 parts of Cornish stone, 40 of china-clay, and 2 of flint- 
glass ; or 42 of felspar, the same quantity of clay, 10 parts of flints ground, and 8 of 
flin^lass. Slag from iron-smelting is sometimes introduced into the paste. 

The glaze for the first composition is made with 20 parts of felspar, 15 of flints, 6 
of red lead, and 5 of soda, which are fritted together ; with 44 parts of the frit, 22 
parts of flint-glass, and 15 piirts of white lead, are ground. 

The glaze for the second composition is formal of 8 parts of flint-glass, 30 of 
*®«par, 40 of white lead, and 20 of silex (ground flints). 

The English manufacturers employ three sorts of compositions for t he porcelain 
biscuit : namely, two compositions not fritted ; one of them for the ordinary table 
service; another for the dessert, service, and tea dishes; the third, which is fritted, 
corresponds to the paste used in France for sculpture ; and with it all delicate kinds 
of ornaments are made. 



First composition 

Second composition 

T];ird composition 

Ground flints 

Calcined bones 

China-clay . 

Clay ... . 

. - 

75 

1 80 

40 

70 1 

66 

100 

96 

Granite 80 

Lynn sand 150 
300 
100 

Potash 107 


The ^aze for the first two of the preceding compositions consists of, felspar 45, 
flint-glass 20, nickel 4. After fritting that mixture, add 12 parts 
of red lead. For the third composition, W'hich is the most fusible, the glaze must 
receive 12 parts of ground flints, instead of 9 ; and there should be only 15 parts of 
borax, instead of 21. ^ 


Descrijttion of the Porcelain Mill. 

1. The following figures of a felspar and flint mill (fga. 1650, 1651) are taken from 
plans ^ apparatus constructed by Mr. Hall, of Hartford, and erected by him in the 
Hoyal ^n^actory of Seires. There are two similar sets of apparatus, which may 
be employed together or in succession ; composed each of an elevated tub a, and of 



three raoo^ive vats of reception a , and two ’behind it, whose top edges are upon a 
lower level than the bottom of the casks a, a, to allow of the liquid running out ot 
tftem wim a sufllcient slope. A proper charge of kaolin is first put into the cask a, 
water is gradually run into it by the gutter adapted to the stopcock a, after 
jmich tte mix^ is stated powerfully in every direction by hand with the stirring- 
^1^* within a hole in the ceiling, and has at its upper end a small tin- 

ftnnel to prevent dirt or rust from dropping down into the clay. The stirrer 
«ay be or lowered so as to touch any part of the cask. The semi-fluid mass is 
^ 1 minutes, and then the finer argillaceous pap is run off by the 

•mpooca a , plaosd a httle above the gritty dl^posit, into the zinc-pipe which conveys it 
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iiitx) one of the tuDS a' ; but as this semi-liquid matter may still contain some granular 
substances, it must bo passed through a sieve before it is admitted into the tub. 
There is, therefore, at the spot upon the tub 
where the zinc pipe terminates, a wire-cloth 
sieve, of an extremely close texture, to re- 
ceive the liquid paste. This sieve is shaken 
upon its support, in order to make it dis- 
charge the washed kaolin. After the clay 
has subsided, the water is drawn off from 
its surface by a zinc syphon. The I’ats a' 
have covers, to protect their contents from 
dust. In the pottery factories of England 
the agitation is produced by machinery in- 
stead of the hand. A vortical shaft, with 
liorizontal or oblique paddles, is made to 
revolve in the vats for this purpose. 

The small triturating onill is represented 
in Jig, 1651. There are three similar grinding-tubs on the same line. The details 
of the construction are shown in jig. 1652, where it is seen to consist principally 
of a revolving millstone, n {Jig. 1653), of a fast or sleeper millstone, b', and of a 
vat, c, hooped with iron, with its top raised above the upper millstone. The lower 
block of hornstono rests upon a \exy lirm basis, b' ; it is surrounded immediately 
by the strong wooden circle c, which slopes out funnel-wise above, in order to 
throw back the earthy matters as they are pushed up by the attrition of the stones. 
That piece is hollowed out, partially to admit the key c, opposite to which is the 
faucet and spigot c', for emptying the tub. When one openition is completed, the 
key c is lifted out by means of a peg put into the holes at its top ; the spigot is 
then drawn, and the thin paste is run out into vats. The upper grindstone, b rf, 
like the lower one, is about two feet in diameter, and must be cut in a peculiar 
manner. A t first there is scooped out a hollowing in the form of a sector, denoted by 
^ c ./’» fy- 1653; the arc c^/is about one-sixth of the circumference, so that the 
vacuity of the turning grindstone is one-sixth of its surface; moreover, the stone 



must bo channelled, in order to grind or crush 
the hard gritty substances. For this purpose, 
a wedge-shaped groove d e g^ about an inch and a 
quarter deep, is made on its under face, whereby 
the stone, as it turns in the direction indicated 
by the arrow acts with this inclined plane upon 
all the particles in its course, crushing them and 
forcing them in between the stones, till they be 
triturated to an impalpable powder. When the 
grindstone woiirs unequally on its lower surface, 
it is useful to trace upon it little furrows, pro- 
ceeding from the centre to the circumference, 
like those shown by the dotted lines d c". It 
must, moreover, be indented with rough points by 
the hammer. 

The turning hornstone-block is set in motion 
by the vertical shaft h, which is fixed by the 
clamp-iron cross, i, to the top of the stone. When 
the stone is new, its thickness is about 14 inches, 
and it is made to answer for grinding till it be 
reduced to about 8 inches, by lowering the clamp 
I upon the shaft, so that it may continue to keep 
its hold of the stone. The mannner in which 
the grindstones are turned is obvious from in- 



spection of Jig, 1651, where the horizontal axis l, 
which receives its impulsion from the great water- 
wheel, turns the prolonged shaft l', or leaves it 
at rest, according as the clutch /, is locked 
or open. The second shaft bears the three bevel 
wheels m, m, at. These work in three corre- 
sponding bevel wheels m'm'm', made fast respec- 
tively to the three vertical shafts of the millstones, 
vahich pass through the cast-iron guide tubes m"m". 
These are fixed in a truly vertical position by the 
collar-bar w", in\Jig, 1662. In this figure we see 



at m how the strong cross-bar of 
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cast iron is made fast to the wooden beams which support all the upper mechanism of 
the mill-work. The bearing is disposed in an analogous manner ; but it is sup- 
ported against two cast-iron columns, shown at l" l", in^_^. 1661. The guide tubes 
It" are bored smooth for a small distance from each of their extremities, and their in- 
texjacent calibre is wider, so that the vertical shafts touch only at two places. It is 
obvious, that whenever the shaft i/ is set agoing, it necessarily turns the wheels m and 
x', and their guide tubes m"; but the verticfil shaft may remain either at rest, or re- 
volve, according to the position of the lever-click or catch k, at the top, which is made 
to slide upon the shaft, and can let .'all a finger into a vortiail groove cut in the sur- 
face of that shaft. The clamp-fork of the click is tlius made to catch upon the hori- 
Eontal bevel wheel m', or to release it, according as tlie lever k is low’ered or lifted up. 
Thus each millstone may be thrown out of or into gear at pleasure. 

These stones make upon an average 11 or 12 tiu’ns in a minute, corresponding to 3 
revolutions of the water-wheel, wliich moves through a space of 3 feet 4 inches in the 
second, its outer circumference being 66 feet. The weight of tlie upper stone, with its 
iron mountings, is about 6 cwts. when new. The charge of ench mill in dry material 
is 2 cwts. ; and the water may be estimated at from one-half to the whole of this weight ; 
whence the total load may be reckoned to be at least 3 cwts. ; tin* st one by displace- 
ment of the magma, loses fully 400 pounds of its w^eight, and weighs therefore in 
reality only 2 cwts. It is charged in successive portions, but it is discharged all at 
once. When the grinding of the siliceous or felspar matters is nearly complete, a 
remarkable phenomenon occurs : tlie substance precipitates to the bottom, and assumes 
in a few seconds so strong a degree of cohesion, that it is hardly possible to restore it 
again to the pasty or magma state; hence, if a millstone turns loo slowly, or if it bo 
accidentally stopped for a few minutes, the upper .st one gels so lirmly cemented to the 
under one, that it is difficult to separate them. It has been discovered, but without 
knowing why, that a little vinegar add<*d to the water of the magma almost infidlibly 
prevents that sudden stiffening of the deposit and sto}>page of the stones. If the mills 
come to be set fast in this way, the shafts or gearing would be certainly broken, were 
not some safety provision to be made in tlie machinery against such accidents. Mr. 
Hall’s contrivance to obviate the above danger is highly ingenious. The clutch /, l\ 
fig. 1661, is not a locking-crab, fixed in the common way, upon the shaft i. ; but it is 
composed, as shown mfigs. 1654, 1656, 1666, 1667, of a hooj), u, fix(‘d u])on the shaft 
by means of a key, of a collar i\ and of a flat ring or washer with four projections, 
which are fitted to the collar v by four bolts. ;iy. Fig. 1666 represents the collar seen 
in front; that is, by the face which carries the clutch teeth ; and//;. 1656 represents 
its other face, which receives the flat ring .r, fig. 1667, in four notelies corr(;sj)on(liiig 
to the four projections of the washer-ring. Since the ring u is fixed upf>n the shaft l, 
and necessarily turns with it, it has the two other pieces at its disposal, namely, the 

collar V, and the washer x, bcscausc they a^(^ 
always connected widi it. the four bolts ?/, so 
as to turn with tljoring «, when the resistance they 
encounter upon the shaft i/ is not too great, and 
to remain at rest, letting the ring ii turn by itself, 
wl'.cD that resistance increases to a cerUiin pitcli. 
To give this degree of friction, we need only 
interpose the leather w.ashers r, F, fig. 1664 ; and 
now, as the collar coupling-box, v, slides pretty 
freely upon the ring u, it is obviou.s tliat by 
tiglitening monj or less the screw-bolts ?/, these 
washers will become as it were a lateral brak(% 
to tighten more or less the bearing of the ring 
«, to which they are applied : by regulating tlii.s 
pressure, everything may bo easily adjusted. 'When the resistiincc becomes too great, 
the loatlier washers, pressed upon one side by the collar v, of tlie washer x, and rubb(?d 
upon the other side by the prominence of the ring u, get heated to such a degree, that 
th^ are apt to become carbonised, and require replacement. 

This safety clutch may be recommended to the notice of mecJianicians, as suscep- 
tible of bene&ial application in a variety of circumstancres. 

Great Porcelain '-The large felspar .and kaolin mill, made by Mr. Jfall, for 
Sivres, has a flat bed of homstone, in one block, laid at the bottom of a great tub, 
hooped strongly with iron. In most of the Englisli potteries, however, that bed 
^nsists of several fiat pieces of chert or hornstonc, laid level with eacli other. There 
is as usual a spigot and faucet at the side, for drawing off the liquid ymste. The 
whole system of the mechanism is very substantial, and is supported by woodeu 
beams. 

The following is the manner of turning tiie upper blocks. In fig. 1660 the main 
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horizontal shaft, r, bears at one of its extremities a toothed wheel, usually mounted 
upon the periphery of the great water- wheel {fig. 1658 shows this toothed wheel by a 
dotted line) at its other end : v carries the fixed portion ^ of a coupling-box, similar 
to the one just described as belonging to the little mill. On the prolongation of P, 
there is a second shaft, p', which hears the moveable portion of that box, and an up- 
right bevel wheel, Lastly, in figs* 1660 and 1658, there is shown the vertical 
shaft Q, which carries at its upper end a largo horizonbil cast-iron wheel q, not seen 
in this view, because it is sunk within the upper surface of the turning hornstone, like 
the clamp d,f, in fig. 1662. At tlie lower end of the shaft q, there is the bevel wheel 
q", which receives motion from the wheel v'*^fig. 1650. 

The shaft, r, always revolves with the water-wheel ; but transmits its motion to 
the shaft p' only when the latter is thrown into gear with the coupling-box by 
means of its forked lever. Then the bevel wheel p' turns round with the shaft r', 
and communicfites its rotation to the bevel wheel q", which transmits it to the shaft q, 
and to the largo cast-iron wheel, which is sunk into the upper surfiice of the revolving 
hornstone. 

The shaft a, is supported and centred by a simple and solid adjustment ; at its lower 
part, it rests in a step k, which is supported upon a cast-iron arch, q', seen in profile 
mfig. 1650 ; its base is solidly fixed by four strong bolts. Four set-screws above b, 
fig. 1650, servo to set the shaft q truly perpendicular: thus supported, and held 
securely at its lower end, in the step at \\,figs. 1650 and 1658, it is embraced near the 
upper end by a brass bush or collar, composed of two pieces, which may he drawn 
closer together by means of a screw. This collar is set into the summit of a great 
truncated cono of cast-iron, wliich rises within the tub through two-thirds (>f tho 
thickness of the hornstone bod ; having its base firmly fixed by bolts to tho bottom of 
tho tub, and having a brass collet to secure its top. The iron cone is cased in wood. 
When all these pieces are well adjusted and properly screwed up, the shaft a revolves 
without tho least vacillation, and carries round with it tho largo iron wheel q', cast 
in one piece, and which consists of an outer rim, three arms or radii, and a strong 
central nave, made fast by a key to the top of the shaft q, and resting upon u shoulder 
nicely turned to receive it. 

Upon each of the three 
arms, there are adjusted, 
with bolts, three upright 
subsbintial bars of oak, 
which descend vertiailly 
through the body of tho 
revolving mill to within a 
small distance of tho bed- 
stone; and upon each of 
tho throe arcs of that wheel - 
ring, comprised between it s 
three strong arms, there 
are adjusted, in like man- 
ner, five similar uprights, 
which fit into hollows cut 
in the periphery of the 
moving stone. They ought 

to bo cut to a level at tJieir lower part, to suit the slope of the bottom of the tub o, 
Jigs. 1650 and 1658, so as to glide past it pretty closely, without touching. 

The speed of this large mill is eight revolutions in tho minute. The turning horn- 
stone describes a mean circumference of 141^ inches (its diameter being 45 inches), 
and of course moves through about 100 feet per second. Tho tub, o, is 52 inches wide 
at bottom, 56 at the surface of the sleeper block (which is 16 inches thick), and 64 at 
top, inside measure. It sometimes happens that the millstone throws the pasty mix- 
ture out of tho vessel, though its top is 6 inches under the lip of the tub o ; an incon- 
venience which can be obviated only by making the pap a little thicker; that is, by 
allowing only from 25 to 30 per cent, of water ; then its density becomes nearly equal 
to 2'00, while that of the millstones themselves is only 2*7 ; whence, supposing them 
to weigh only 2 cwts., there would remain an effective weight of less than J cwt. for 
pressing upon the bottom and grinding the granular particles. This weight appears 
to be somewhat too small to do much work in a short time ; and therefore it would be 
better to increase the quantity of water, and put covers of some convenient form over 
the tubs. Tt is estimated that this mill will grind nearly 5 cwts. of hard kaolin or 
felspar gr.avel, in 24 hours, into n. proper pap. 
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Stoneware. 

It is with |p^t difficulty that any satisfactory distinction can be made between the 
difiEerent kin^ of ware ; they slide by nice degrees into one another. Stoneware of 
the ordinary kind, such as wo see in jars, drain-pipes, and the variety of chemical 
utensils which are made in the Lambeth potteries, is constituted of thyilastic clay, 
united in various proportions with some felspathic mineral, sands of diflrerent kinds, 
and in some cases with cement— stone or chalk ; these mixtures being subjected to a 
heat which is sufficient to produce a partial fusion of the mass — this condition of 
semi-fusion being the distinguishing character of stoneware. The finer varieties of 
stoneware are made from well -selected clays, which, when l)umt, will not have much 
colour. These are united with some fluxing material, by which that condition of 
semi-fusion is obtained which is necessary to the production of stoneware. The glaze 
of stoneware was always a salt glaze ; it has, however, recently been the practice to 
glace with a mixture of Cornisli stone, flint, &c., as for earth enw'arc, 

Earthenw^are. 

This ware is exemplified in the Majoliai ware, the Faycnce of the French, the 
Butch or JDelffc ware, and by the common varieties of pottery which are at present in 
general use in this country. All the varieties of earthenware — and they are many — 
consist of clay bodies, coated with an easily-fusible glaze, containing load or borax. 
In Belft and Majolica ware the surface is coated with an opaque white glaze or 
enamel containing binoxido of tin. 

Poole clay, Devonshire clay, Cornish clay, and many of the clays from the Coal- 
measures, and other geological formations, enter into the composition of earthenware. 
These are combined with certain proportions of ground flint. Porous vessels for 
cooling water and wine, now made extensivelj’ in many parts of this country, are 
similar to the ancient Spanish cooling vessels. 

The Spanish alcarazzas, or cooling vessels, are made porous, to favour the exudation 
of water through them, and maintain a constoiitly moist evaporating surface. Lasteyrio 
says, that granular sea salt is an ingredient of the ])}iste of the Spanish alcarazzas ; 
which being expelled partly b}' the heat of the baking, and partly by the subsequent 
watery percolation, leaves the body very oj'en. The biscuit should be charged with 
a considerable portion of sand, and very moderately fired. 

With what has been already said in reference to the modes of manufacture, added 
to the remarks on printing, glazing, &c., which are to follow, t lie general principles 
which obtain in the manufacture of pottei^’, will, we think, be sufficiently understood. 

Printing, Painting, (S:e. 

There are two distinct methods of printing in use for china and earthenware ; one is 
transferred on the bisque, and is the method by which the ordinary printed ware is 
produced, and the other is transferred on the glaze. The first is called ‘ press - 
printing,’ and the latter ‘ bat-printing.’ The engraving is executed upon coppiu- 
plates, and for press-printing is cut very deep to enable it to hold a sufficiency of 
colour to give a firm and full transfer to the ware. The printers shop is furnished 
with a brisk stove, having an iron plate on the top immediately over the fire, for the 
convenience of warming the colour while being worked, also a roller-press and tubs. 
The printer has two female assistants, called ‘ transferers,’ and also a girl called a 
‘ cutter.’ The copper-plate is charged with colour mixed with thick boiled oil by 
means of a knife and ‘ dabber,’ while held on the hot stove-plate for the purpose of 
keeping the colour fluid ; and the engraved portion being filled, the superfluous colour 
is scraped off the surfEUse of the copper by the knife, wffiich is further cleaned by being 
rubbed with a boss made of leather. A thick firm oil is required to keep the different 
parts of the design from flowing into a mass or becoming confused while under the 
pressure of the rubber, in the process of transferring. A sheet of paper of the neces- 
sary ate sad of a peculiarly thin texture, called ‘ pottery tissue,’ after being satu- 
rate with a thin solution of soap-and-water, is placed upon the copper-plate, and 
being under the action of the press, the paper is careffilly drawn off again (the 
engraving being placed on the stove), brining with it the colour by which the plate 
was charged, coastitating the pattern. This impression is given to the ‘ cutter,’ who 
cuts away the superfluous paper about it ; and if the pattern consists of a border and 
a cenfre the border is separated from the centre, as being more convenient to fit to the 
ware when divided, it is then laid by a transferer upon the ware and rubbed first 
with a small piece of soaped flannel to flx it, and afterwards with a nibber formed of 
rolled flannel. This rubber is applied to the impression very forcibly, the friction 
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causing the colour to adhere firmly to the bisque surface, by which it is partially 
imbibed ; it is then immersed in a tub of water, and the paper washed entirely away 
with a sponge, the colour, from its adhesion to the ware, and being mixed with oil, 
remaining unaffected. It is now necessary, prior to ‘ glazing,’ to get rid of this oil, 
which is done by submitting the ware to heat in wluit are called ‘ hardening kilns,* 
sufficient to destroy it and leave the colour pure. This is a necessary process, as the 
glaze, being mixed with water, would be rejected by the print, while the oil remainetl 
fn the colour. 

The printing under the earthenware-glaze is generally performed by means of cobalt, 
and has different shades of blue according to the quantity of colouring-matter 
employed. After having subjected this oxide to the processes requisite for its purifi- 
cation, it is mixed with a certain quantity of ground flints and sulphate of baryta, 
proportioned to the dilution of the shade. These materials are fritted and ground ; 
but before they are used, they must bo mixed with a flux consisting of equal parts by 
weight of flint-glass and ground flints, which serves to fix the colour upon the biscuit, 
so that the immersion in the glaze-liquor may not displace the lines printed on, as 
also to aid in fluxing the cobalt. 

The ‘ bat-printing’ is done upon the glaze, and the engravings are for this stylo 
exceedingly fine, ami no greater depth is required than for ordinary book engmvings. 
The impression is not submitted to the heat necessary for that in the bisque, and tho 
medium of conve 3 ring it to the ware is also much purer. The copper-plate is first 
charged with linseed oil, and cleaned off by hand, so that the engraved portion only 
retains it. A preparation of glue being run upon flat dishes about a quarter of an inch 
thick, is cut to tho size required for the subject, and then pressed upon it, and being 
immediately removed, draws on its surface the oil with which the engraving was 
filled. The glue is then pressed upon the ware, with tho oiled part next the glaze, 
and being again removed, the design remains; though, being in a pure oil, scarcely 
perceptible. Colour finely-ground is then dusted upon it with cotton wool, and a 
sufficiency adhering to the oil leaves the impression perfect, and ready to be fired in 
the enamel-kilns. 

The following are the processes usually practised in Staffordshire for printing under 
tho glaze : — 

The cobalt, or whatever colour is employed, should be ground upon a porphyry 
slab, with a varnish prepared as follows A pint of linseed oil is to bo boiled to 
the consistence of thick honey, along with 4 ounces of rosin, half a pound of tar, 
and half a pint of oil of amber. This is very tenacious, and can be used only 
when liquefied by heat; which the printer effects by spreading it upon a hot cast- 
iron plate. 

The printing plates are made of copper, engraved with pretty deep lines in the 
common way. The printer, with a leathern muller, spreads upon tho engraved plate, 
previously heated, his colour, mixed up with the above oil varnish, and removes what 
is superfluous with a pallet knife ; then cleans tho plate with a dossil filled with bran 
tapping, and wiping as if ho were removing dust from it. This operation being 
finished, he takes the paper intended to receive the impression, soaks it with soap- 
water, and lays it moist upon the copper-plate. The soap makes the paper part more 
readily from tho copper, and the thick ink part more readily from the biscuit. The 
copper-plate is now passed through the engraver’s cylinder press, the proof-leaf is 
lifted off and handed to the women, who cut it into detached pieces, which they apply 
to the surface of the biscuit. The paper best fitted for this purpose is made entirely of 
linen rags; it is very thin, of a yellow colour, and unsized, like tissue blotting-paper. 

The earthenware biscuit never receives any preparation before being imprinted, the 
oil of the colour being of such a nature as to fix the figures firmly. The printed 
paper is pressed and rubbed on with a roll of flannel, about an inch and a half in 
diameter, and 12 or 15 inches long, bound round with twine, like a roll of tobacco. 
Tliis is used as a burnisher, one end of it being rested against the shoulder, and the 
other end being rubbed upon the paper ; by which means it transfers all the engraved 
tmcaa to the biscuit. The piece of biscuit is laid aside for a little, in order that the 
colour may take fast hold ; it is then plunged into water, and the paper is washed 
away with a sponge. 

When the paper is detached, the piece of ware is dipped into a caustic alkaline lye 
to saponify the oil, after which it is immersed in the glaze-liquor, with which the 
printed figures readily adhere. This process, which is easy to execute, and very 
economical, is much preferable to the old plan of passing the biscuit into the muffle 
after it had been printed, for the purpose of fixing and volatilising the oils. When 
the paper impression is applied to pieces of porcelain, they are heated before being 
dipped in the water, because, being already semi-vi trifled, the paper sticks more 
closely to thorn than to the biscuit, and can be removed only i:ty a hard brush. 



m POTTERY 

TIm impreaeion above the glaee is done by quite a difierent process, which dispenbes 
with the use of the press. A quantity of fine clean glue is melted and poured hot upon 
a large flat dish, so as to form a layer about a quarter of an inch thick, and of the 
oomdstenoe of jelly. When cold it is divided into cakes of the size of the copper-plates 
it is intended to cover. 

The operative (a woman) rubs the engraved copper-plate gently over with linseed 
oil boilA thick, immediately after which she applies the cake of glue, which she 
presses down with a silk dossil filled with bran. The cake licks up all the oil out of 
the engraved lines ; it is then cautiously lifted off, and transferred to the surface of 
the glued ware which it is intended to print. The glue-cake being removed, the 
enamel surface must be rubbed with a little cotton, whereby the metallic colours are 
attached only on the lines charged with oil : the piece is then heated under the muffle. 
The same cake of glue may serve for several impressions. 

Ornaments and Colouring. — Common earthenware is coloured by moans of two kinds 
of apparatus: the one called the blowing-pot, the other the warming-iK)t. The 
ornaments made in relief in France are made hollow (intiiglio) in England, by means 
of a mould engraved in relief, which is passed over the article. The impression which 
it produces is filled with a thick clay-paste, which the workman throws on with the 
blowing-pot. This is a vessel like a tea-pot, having a spout, but it is hermetically 
sealed at top with a clay plug, after being filled with the pasty liquor. The workman 
by blowing in at the spout, causes the liquor to fly out through a quill pipe which goes 
down through the clay pipe into the liquor. The jet is made to pla}" upon the piece 
while it is being turned upon the lathe ; so tliat the hollows previously made iu it by 
the mould or stamp are filled with a paste of a colour different from tliat of the body. 
When the piece has acquired sufficient firmness to bear working, the excess of the 
paste is removed by an instrument called a toiirnasoii, till the ornamental figure 
produced by the stamp be laid bare ; in which case merely the colour appears at the 
bottom of the impression. By passing in this manner several layers of clay-liquor of 
different colours over each other with the blowing-pot, net-work and decorations of 
different colours and shades are very rapidly produced. 

The serpentine or snake pots, established on the same principle, are made of tin plate 
in three compartments, each containing a different colour. I'hese open at tlio top of 
the vessel in a common orifice, terminated by small quill tubes. On inclining the 
vessel, the three colours flow out at once in the same proportion at the one orifice, and 
are let fall upon the piece while it is being slowly turned upon the lathe, wherel:)y 
curious serpent-like ornaments may be readily obtained. The clay-liquor ought to 
be in keeping with the stoneware-paste. Tlie blues succeed best when the orname?its 
are made with the finer pottery mixtures given above. 

White and yellow figures upon dark-coloured grounds are a good deal employed. 
To produce yellow impressions upon brown stoneware, ochre is ground up with a 
small quantity of antimony. The flux consists of flint glass and flints in equal weights. 
The composition for white designs is made by grinding silex up with that flux, ari l 
printing it on as for blue colours, upon brown or other coloured stoneware, whicli 
shows off the light hues. 

Metallic Luctres applied to Stoneware. — The metallic lustre being applied only to tlie 
outer sur&ce of vessels, can have no bad effect on health, whatever substances bo 
employed for the purpose ; and as the glaze intended to receive it is sufficiently fusible, 
from the quantity of lead it contains, there is no need of adding a flux to the metallic 
coating. The glaze is in this case composed of 60 parts of litharge, 36 of felspat, and 
15 of flints. 

The silver and platina lustres are usually laid upon a white ground, while those of 
gold and copper, on account of their transparency, succeed only upon a coloured 
ground. The dark-coloured earthenware is, however, preferable, as it shows off the 
colours to most advantage ; and thus the shades may be varied by varying the colours 
of the ornamental figures applied by the blowing-pot. 

The gold and platina lustre is almost always applied to a paste body made on 
purpooe, and coated with the above-described lead-glaze. This paste is brown, and 
consists of 4 parts of clay, 4 parts of flints, an equal quantity of kaolin (china-clay), 
and 6 parts of felspar. To make brown figures in relief upon a body of white paste, 
a liquor is mixed up with this paste, which ought to weigh 26 ounces per pint, m 
order to unite well with the other paste, and not to exfoliate after it is baked. 

Preparation of Gold Lustre, — Dissolve first in the cold, and then with heat, 48 grains 
of fine gold in 288 grains of aqua regia, composed of 1 ounce of nitric ticid and 3 
ounces of muriatic acid ; add to that solution 4 J grai/is of grain tin, bit l>y bit ; and 
then pour sofiae of that compound solution into 20 grains of balsam of sulphur diluted 
with 10 grmns of <ul of turpentine. The balsam of sulphur is prepared by heati^ 
a pint of linseed oil and 2 ounces of flowers of sulphur, stirring them continually till 
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the niixture begins to boil ; it is then cooled, by setting the vessel in cold water; 
after which it is stirred afresh, and strained through linen. The above ingredients, 
after being well mixed, are to be allowed to settle for a few minutes ; then the re- 
mainder of the solution of gold is to be poured in, and the whole is to be triturated till 
the mass has assumed such a consistence that the pestle will stand upright in it ; 
lastly, there must be added to the mixture 30 j^ains of oil of turpentine, which being 
ground in, the gold lustre is ready to be applied. If the lustre is too light or pale, 
more gold must be added, and if it have not a sufficiently violet or purple tint, more 
tin must be used. 

Plaiina lustre . — Of this there are two kinds : one similar to polished steel, another 
lighter and of a silver-white hue. To give earthenw^are the steel colour with platina, 
tliis metiil must bo dissolved in aqua regia composed of 2 parts of muriatic acid and 
] part of nitric. TJio solution being cooled, and poured into a capsule, there must 
bo added to it, drop by drop, with continual stirring with a glass rod, a spirit of tar, 
composed of equal parts of tar and sulphur boiled in linseed oil and filtered. If the 
platina-solution bo too strong, more spirit of tar must be added to it ; but if too weak, 
it must be concentrated by boiling. Thus being brought to the proper pitch, tho 
mixture may bo spread over the piece, which being put into the muffle, will take tho 
aspect of steel. 

The preparation of phitinum, by means of which tho silver lustre is given to earthen- 
ware, is prepared as follows: — After having dissolved to saturation the metal in aqua 
r(‘gia, composed of equal parts of nitric and muriatic acid, the solution is to bo poured 
into a quantity of boiling wa.ter. At tho same time, a capsule, containing solution of 
sal-ammoniac, is placed upon a sand-bath, and tho platinum-solution being poured into 
it, the metal will fall dowm in the form of a yellow precipitate, which is to bo 
washed with cold water till it is perfectly edulcorated, then dried, and put up for use. 

This metallic lustre is applied very smoothly by means of a flat camol’s-hair brush. 
It is then to be passed through the muffle-kiln ; but it requires a second application 
of the platinum t-o have a sufficient body of lustre. Tho articles sometimes come 
black out of the kiln, but they get their lustre by being rubbed with cotton. 

.Dead silver on porcelain is much more easily affected by fuliginous vapours than 
burnished. It may, however, by tho following process, be completely protected. 
'I'lie silver must bo dissolved in very dilute acid, and slowly precipitated ; and the 
metallic i>rocipitato well washed. The silver is then laid (in wa-ry lines?) upon the 
porcelain before being coloured (or if coloured, the colour must not be any prepara- 
tion of gold) in a pasty state and left for 24 hours, a.t tho expiration of w'hich time the 
gold is to bo laid on and tho article placed in a moderate heat. The layer of gold 
must be very thin,, and laid on with a brush over the silver before firing it ; when, by 
the aid of a flux and a cherry-red heat, the two metals are fixed on the porcelain. 

An iron lustre is obtained by dissolving a bit of steel or iron in muriatic acid, mix- 
ing tho solution with the spirit of tar, and applying it to the surface of the ware. 

Aventurine glaze. — Mix a certain quantity of silver-leaf with the above-described 
soft glaze, and grind tho mixture along with some honey and boiling water, till tlio 
metal assume the appearance of fine particles of sand. The glaze being naturally of a 
yellowish hue, gives a golden tint to the small fragments of silver disseminated 
through it. Molybdona may also be applied to produce tho aventurine aspect. 

The granite-like gold lustre is produced by throwing lightly with a brush a few 
drops of oil of turpentine upon the goods already covered with the preparation for 
gold lustre. These cause it to separate and appear in particles resembling the surface 
of granite. AVlicn marbling is to be given to earthenware, tho lustres of gold, platinum, 
and iron are used at once, which, blending in the fusion, form veins like those of marble. 

Of late years a beautiful lustre has been given to porcelain by a process patented 
in IS.'iT by Messrs. Gillet and Brianchon, of Paris, and largely used at the works of 
Worcester and Belleek. The efiect is obtained by using nitrate of bismuth as a flux 
to tho mebillic oxides which give colour, and by employing oil of lavender as a 
vehicle. (Spec. Patent, No. 1890, July 8, 1867.) 

Pottery and ware of the Wedgwood type . — This is a kind of semi -vitrified ware, 
called dry bodies, which is not susceptible of receiving a superficial glaze. This 
pottery is composed in two ways : the first is with barytic earths, which act as fluxes 
upon the clays, and form enamels : thus tho Wodgviood jasper-ware is made. 

The white vitrifying pastes, fit for receiving all sorts of metallic colours, are com- 
posed of 47 parts of sulphate of baryta, 15 of felspar, 26 of Devonshire clay, 6 of 
sulphate of lime, 15 of flints, and 10 of sulphate of strontia. This composition is 
capable of receiving the tints of the meUillic oxides and of the ochreous metallic earths. 
Manganese produces tho dark purple colour ; gold, precipitated by tin, a rose colour ; 
antimony, orange ; cobalt, different shades of blue ; copper is employed for the browns 
and the dead-leaf greens ; nickel gives, with potash, greenish colours. 
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OiM per cent, of oxide of cobalt is added ; but one half, or even one quarter, of a 
per cent, would be sufficient to produce the fine Wedgwood blue, when the nickel 
and manganese constittite 3 per cent., as well as the carbonate of iron. For the 
blacks of this kind, some English manufacturers mix black oxide of manganese with 
the black oxide of iron, or with ochre. Nickel and umber afford a fine brown. 
Carbonate of iron, mixed with bole or terra di Sienna^ mvos a beautiful tint to the 
paste ; as also manganese with cobalt, or cobalt with nickel. Antimony produces a 
very fine colour when combined with the carbonate of iron in the proportion of 2 per 
cent, along with the ingredients necessary to form the above-dcscriood nitrifying paste. 

The foUowing is another vitrifying paste, of a much softer nature than the preced- 
ing: — ^Felspar, 30 parts; sulphate of lime, 23 ; silex, 17; potter’s clay, 16; kaolin 
of Gmmwall (china-clay), 16 ; sulphate of bar 3 rta, 10. 

These vitrifying pastes are veiy- plastic, and may be worked with as much facility 
as English pipe-clay. The round ware is usually turned upon the lathe. It may, 
however, be moulded, as the oval pieces always are. The more delicate ornaments 
are cast in hollow moulds of baked clay, by women and children, and applied with 
remarkable dexterity upon the turned and moulded articles. The coloured pastes 
have such an affinity for each other, that the detached ornaments may be applied not 
only with a little gum-water upon the convex and concave forms, but they may be 
made to adhere w'ithout experiencing the least cracking or chinks. The coloured 
pastes receive only one fire, unless the inner surface is to be glazed ; but a gloss is 
given to the outer surface. The enamel for the interior of the black Wedgwood 
ware is composed of 6 parts of red lead, 1 of silex, and 2 ounces of manganese, when 
the mixture is made in pounds’ weight. 

The operation called smearing consists in giving an external lustre to the unglazed 
semi-vitrified ware. The articles do not in this way receive any immersion, nor even 
the aid of the brush or pencil of the artist ; but they require a second ftre. The 
saggers are coated with the salt-glaze already describe. These cases, or saggers, 
communicate by reverberation the lustre so remarkable on the surface of the English 
stoneware, which one might suppose to be the result of the glaze-tub, or of the brush. 
Occasionally also a very fusible composition is throvn upon the inner surface of the 
muffle, and 5 or 6 pieces called refractories are set in the middle of it, coated with the 
same composition. The intensity of the heat converts the flux into vapour ; a part, of 
this is condensed upon the surfaces of the contiguous articles, so as to give them the 
desired brilliancy. 

Enamel^ohnrs for painting on porcelain are metallic oxides incorporated with a 
fusible fiux. Gold, precipitated by tin, furnishes the crim-son, rose, .and purple ; oxides 
of iron and chrome produce reds ; the same oxides yield black and brown, also 
obtained from manganese and cobalt ; orange is from oxides of uranium, chromium, 
antimony, and iron ; greens from oxides of chromium and copper ; blue from oxides of 
cobalt and zinc. The fluxes are borax, flint, oxides of lead, &c. They are worked 
in essential oils and turpentine, and a very great disadvantage under which the artist 
labours, is that the tints upon the palette are in most cases different from those they 
assume when they have undergone the necessary heat, which not only brings out the 
true colour, but also, by partially softening the glaze and the flux, causes the colour 
to become fixed to the ware. This disadvantage will be immediately apparent in the 
case where a peculiar delicacy of tint is required, as in flesh-tones, for instance. But 
the difficulty does not end here, for as a definite heat can alone give to a colour a per- 
fect hue, and m the colour is continmilly varying with the different stages of graduated 
heat, another risk is incurred ; that resulting from the liability of its receiving the 
heat in a greater. or less degree than is actually required, termed ‘over-fired' and 
‘short-fired.' As an instance of its consequence, we cite rose-colour or crimson, 
which when used by the painter is a dirty violet or drab ; during the process of firing 
it gradually varies with the increase of heat from a brown to a dull reddish hue, and 
ftoai that progressively to its proper tint. But if by want of judgment or inattention 
of the fireman the heat is allowed to exceed that point, the beauty and brilliancy of 
the colour are destroyed beyond remedy, and it becomes a dull purple. On the other 
hand, should the fire be too slack, the colour is presented in one of its intermediate 


stages, as already described, but in this case extra heat will restore it. Nor must we 
forget to allude to casualties of cracking and breaking in the kilns by the heat being 
increased or with^wn too suddenly, a risk to which the larger articles are peculiarly 
liable. These vicissitudes render enamel-painting in its higher branches a most un- 
sstisfactozy and disheartening study, and enhance the value of those productions which 
are really successful and meritorious. 

^ enamelling, ground-laying is the first process, in operating on all designs to 
which it is implied; it is extremely simple, requiring principally lightness and 
* han^ A coat of boiled oil adapted to the purpose beine laid 
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ware with a pencil, and afterwards levelled, or as it is technically termed ‘ bossed,’ 
until the surface is perfectly uniform ; as the deposit of more oil on one part than 
another would cause a proportionate increase of colour to adhere, and consequently pro- 
duce a variation of tint. This being done, the colour, which is in a state of fine powder, 
is dusted on the oiled surface witli cotton-wool ; a sufficient quantity readily attaches 
itself, and the superfluity is cleared off by the same medium. If it be requisite to 
preserve a panel ornament or any object white upon the ground, an additional pro- 
cess is necessary, called * stencilling.* The stencil (generally a mixture of rose-pink, 
sugar, and water) is laid on in the form desired with a pencil, so as entirely to protect 
the surface of the ware from the oil, and the process of ‘ grounding,’ as previously 
described, ensues. It is then dried in an oven to harden the oil and colour, and 
immersed in water, which penetrates to the stencil, and, softening the sugar, is tlien 
easily washed off, carrying with it any portion of colour or oil that may be upon 
it, and leaving the ware perfectly clean. It is sometimes necessary, where great 
depth of colour is roquiroi, to repeat these colours several times. The ‘ ground- 
hiyers ’ do generally, and should always, work with a bandage over the mouth to 
avoid inhaling the colour-dust, much of which is highly deleterious. ‘ Bossing ’ is 
the term given to the process by which the level surfaces of various colours so 
extensively introduced upon decorated porcelain are effected. The ‘ boss ’ is made 
of soft leather. 

The process of gilding is as follows : — ^The gold (which is prepared with quick- 
silver and flux) when ready for use appears a black dust; it is used with tur- 
pentine and oils similar to the enamel-colours, and like them worked with the ordinary 
camels’-hair pencil. It flows very freely, and is equaUy adapted for producing broad 
massive hands and grounds, or tho finest details of the most ohiborate design. 

To obviate the difficulty and expense of drawing the pattern on every piece of a 
service, when it is at all intricate, a ‘ pounce ’ is used, and tho outline dusted through 
with charcoal, — a method which also secures uniformity of size and shape. Women 
are precluded from working at this branch of the business, though from its simplicity 
and lightness it would appear so well adapted for them. Firing restores the gold to 
its proper tiut, which first assumes the character of ‘ dead gold : ’ its after brilliancy 
being tho result of another process, termed * burnishing.’ 

Glaring, — A good enamel is an essential element of fine pottery and porcelain ; it 
should exporienco the same dilatation and contraction by heat and cold as the biscuit 
which it covers. The English enamels contain nothing prejudicial to health, as many 
of the foreign glazes do ; no more lead being added to the former than is absolutely 
necessary to convert the siliceous and aluminous matters with which it is mixed into a 
perfectly neutral glass. 

Three kinds of glazes are used in Staffordshire : one for the common pipe-clay or 
cretira-coloured ware ; another for the finer pipe-clay ware to receive impressions, 
cAlled printing body ; a third for the ware which is to be ornamented by painting with 
the pencil. 

Tho glaze of the first or common ware is composed of 63 parts of white lead, 16 of 
Cornish stone, 36 of ground flints, and 4 of flint-glass ; or of 40 of white lead, 36 of 
Cornish stone, 12 of flints, and 4 of flint- or crystal-glass. These compositions are not 
fritted ; but are employed after being simply triturated with water into a thin paste. 

Tho following is the composition of a glaze intended to cover all kinds of figures 
printed in metallic colours : 26 parts of white felspar are fritted with 6 parts of soda, 
2 of nitre, and 1 of borax ; to 20 pounds of this frit, 26 parts of felspar, 20 of white 
lead, 6 of ground flints, 4 of chalk, 1 of oxide of tin, and a small quantity of oxide of 
cobalt, to take off the brown cast, and give a faint azure tint, are added. 

The following recipe may also be used : — ^Frit together 20 parts of flint-glass, 6 of 
flints, 2 of nitre, and 1 of borax; add to 12 parts of that frit, 40 parts of white lead, 
36 of felspar, 8 of flints, and 6 of flint-glass ; then grind the whole together into an 
uniform cream-consisteuced paste. 

As to the ware which is to bo painted, it is covered with a glaze composed of 13 
parts of the printing-colour frit, to which are added 50 parts of rod lead, 40 of 
white lead, and 12 of flint ; the whole having been ground together. 

The above compositions produce a very hard glaze, which cannot be scratched by 
the knife, is not acted upon by vegetable acids, and does , no injury to potable^ or 
edible articles kept in the vessels covered with it. It preserves for an indefinite time 
the glassy lustre, and is not subject to crack and exfoliate, like most of the Conti- 
nental stoneware made from common pipe-clay. 

In order that the saggers in which tho articles are baked, after receiving the glaae» 
may not absorb some of the vitrifying matter, they are themselves coated, as above 
mentioned, with a glaze composed of 13 parts of common salt and 30 parts of potash* 
fiiiwly dissolved in water, and brushed over them. 

VoL, IIL S S 



m 


POTTERY 


Oltufi^iUn^^Thja is mmally Bmaller than the biscuit-kiln, and contains no more than 
40 or 46 bungs or columns, each composed of 16 or 17 sabers. Those of the first 
bung rest upon round tiles, and are well luted together with a finely-ground fire-clay 
of only moderate cohesion ; those of the second bung are supported by an additional 
tile. The lower saggers contain the cream-coloured articles, in which the glaze is 
softer than that which covers the blue-printed ware ; this being always placed in tho 
intervals between tihe furnaces, and in the up^rmost saggers of the columns. The 
bottom of the kiln, where tlie glazed ware is not baked, is occupied by printed 
biseuit-ware. 

Pyrometric balls of red clay, coated with a very fusible lead-enamel, are employed 
in the English potteries to ascertain the temperature of the glaze-kilns. This enamel 
is so rich, and the clay upon which it is spread is so fine-grained and eompact, that 
even when exposed for three hours to the briskest flame, it does not lose its lustre. 
The colour of the clay alone changes, whereby tho workman is enabled to judge ot 
the degree of heat within the kiln. At first the balls have a pale rod appearance ; 
but they become browner with the increase of the temperature. The balls, when of a 
slightly dark-red colour, indicate the degree of baking for the hard glaze of pipe-clay 
ware ; but if they become dark brown, the glaze will be much too hard, being that 
suited for ironstone^ware ; lastly, when they acquire an almost black lino, they show a 
degree of heat suited to the formation of a glaze upon porcelain. 

The glazer provides himself at each round with a stock of these ball watches, reserved 
from the precwling baking, to serve as objects of comparison ; and ho never slackens 
the firing till he has obtained the same depth of shade, or even somewhat more ; for 
it may be remarked, that the more rounds a glaze-kiln has made, the browner tho 
balls are apt to become. A new kiln bakes a round of enamel-ware sooner than an 
old one ; as also with less fuel, and at a lower temperature. The watcli-balls of these 
first rounds have generally not so deep a colour as if they were tried in a furnace 
three or four months old. After this period, cracks begin to appear in tho furnaces ; 
the horizontal flues get partially obstructed, the joinings of tho brickwork become 
loose ; in consequence of which there is a loss of heat and waste of fuel ; the baking 
of tho glaze takes a longer time, and the pyrometric balls assume a different shade 
from what they had on being taken out of the new kiln, so that the first w’atchos are 
of no comparable use after two months. The baking of enamel is commenced at a 
low temperature, and the heat is progressively increased ; when it reaches tho melt- 
ing-point of the glaze, it must be maintained steadily, and the furnace-mouths be care- 
fully locked after, lest the heat should be suffered to fall. The firing is continued 14 
hours, and then gradually lowered by slight additions of fuel ; after which the kiln is 
allowed from 5 to 6 hours to cool. 


Muffles . — The paintings and the printed figures applied to the glaze of earthen- 


ware and porcelain are baked in muffles of 



a peculiar form. Fig, 1659 is a lateral 
elevation of one of tlioso muffles ; jig. 
1660 is a front view. The same letters 
denote tho same parts in tho two 
figures. 

a is the furnace ; 6, the oblong muffle, 
made of fire-clay, surmounted witii 
a dome pierced with three apertures, 
k, k, k, for the escape of the vaporous 
matters of tho colours and volatile oils 
with which they are ground up ; c is 
the chimney ; d, d, foedholes, by w'hieh 
the fuel is introduced ; c, the fire- 
grate ; /, the ash-pit ; channels are 
left in the bottom of tho furnace ta 


fiscUitate the passage of the flame beneath tho muffle ; ^ is a lateral hole, which 
msJuB a oommnnioation across the furnace in the muffle, enabling the kiln-man to 
ascertain what is passing within ; k, k, are Uie lateral chinks for observing the pro- 
gress of the firing or flame ; I is an opening scooped out in the front of the chimney to 

modify its draught 

The artides which are printed or painted upon the glaze are placed in the muffle 
without saggers, upon tripm, or moveable supports furnished with feet. The muffle 
being charged, its mouth is dosed with a fire-tile well luted round its edges. The fiiel 
is then kindled in the fireplaoes d, d, and the door of tho furnace is closed with bricks, 
in which a anall opening is left for taking out samples, and for examining the interior 
of the mufla. Tim aan^ile or trial-i»eceB, attached to a strong iron wire, show the 
progtosB of the bak^ operatioiL The ftont of the fireplaces is covered with a sheet- 
iron plate, which slides to one side, and may be shut whenever the kiln is charged. 
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Soon aftop the fire ie lighted, the flame, which communicates laterally from one 
furnace to another, envelopes the muffle on all sides, and thence rises up the chimney. 

A patent was obtained by Mr. W. Ridgway for the following construction of oven, 
in which the flames from the fireplaces are conveyed by parallel flues, both hori- 
zontal and vertical, so as to reverberate the whole of the flame and heat upon 
the goods after its ascension from the flues. His oven is built square instead 
of round, a fire-proof partition-wall being built across the middle of it, dividing 
it into two chambers, which are covered in by two parallel arches. The fire- 
places are built in the two sides of the oven opposite to the partition -wall : from 
which fireplaces narrow flues rise in the inner face of the wall, and distribute the 
flame in a sheet equally over the whole of its surface. The other portion of the heat 
is conveyed by many parallel or diverging horizontal flues, under and across the floor 
or hearth of the oven, to the middle or partition-wall ; over the surface of which the 
flame which ascends from the numerous flues in immediate contact with the wall is 
equally distributed. This sheet of ascending flame strikes the shoulder of the anrh, 
and is reverberated from the saggers beneath, till it meets the flame reverberated from 
the opposite side of the arch, and both escape at the top of the oven. The same con- 
struction is also applied to the opposite chamber. In jigft. 1661 and 1662, a represents 
the square walls or body of the oven; h, the parti tion -wall ; c, the fireplaces or 
furnaces, with their iron boilers ; d, the mouths of the furnaces for introducing the 
fuel ; /, the ash-pits ; g, the horizontal flues under the hearth of the oven ; the 
vertical flues ; i, the vents in the top of the arches ; and k, the entrances to the 
chambers of the ovens. 

1661 1662 




Before this article is concluded it is necessary that we should notice the attempts 
which have been made, with various degrees of success, to employ porcelain as 
a means for multiplying the productions of high art in a cheap form. Under the 
various terms of Statuary Porcelain, Parian, Carrara, &c., are produced numerous 
works of art, many of which are distinguished by their beauty. As the most direct 
method of illustrating the process of making these figures, let us suppose the object 
under ^^ow to be a figure or group, and this we will assume to be 2 feet hi^h in the 
model. The clay, which is of the most perfect character, is mixed with flint, as in 
the case of manufacturing the finest stoneware china, and it is used in a semi-liquid 
state about the consistency of cream : this is poured into the moulds forming the 
various parts of the subject (sometimes as many as fifty) : the shrinking that occurs 
before these casts can be taken out of the mould, which is caused by the absorbent 
nature of the plaster of which the mould is composed, is equal to a reduction of one 
inch and a half in the height. The moulds are made of plaster of Paris, which, 
when properly prepared, has the property of absorbing water so effectually that; the 
moisture is extracted from the clay, and the ware is enabled to leave the mould, 
or ‘ deliver* with care and rapidity. Prior to use, the plaster (gypsum) is put into 
long troughs, having a fire running underneath them, by which moans the water 
is drawn off, and it remains in a state of soft powder : and if its own proportion 
of water be again added to it, it will immediately set into a firm compact body, which 
is the case when it is mixed to form the mould. These casts are then put together 
by the < figure-maker,’ the seams (consequent upon the marks caused by the sub- 
divisions of the moulds) are then carefully removed, and the whole worked upon to 
restore the cast to the same degree of finish as the original model. The work is then 
thoroughly dried to be in a fit state for firing, as if put in the oven while damp the 
sudden contraction consequent upon the great degree of heat instantaneously applied^ 
would be very liable to cause it to crack ; in the process it again suffers a further loss 
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one iooh and a half by evaporation, and it is now but 1 foot 9 inches. Ag^ain in 
the ‘firing* of the bisqne-oven, its most severe ordeal, it is diminished 3 inches, and 
is then but 18 inches high, being 6 inches or one-fourth less than the original. Now, 
as the contraction should ^ually affect every portion of the details of the work, in 
order to realise a faithful copy, and as added to this contingency are the risks in the 
oven of being ‘over-fired* by which it would be melted into a mass, and of being 
‘short-fired,* by which its surface would be imperfect, it is readily evident that 
a series of difficulties present themselves which require considerable practical 
experience successfully to meet, indeed, the difficulties which surround the manu- 
fhcture of Parian prevent its being rendered to the public at such a price as those 
would desire who wish to secure the introduction, amongst the people, of all 
examples which are calculated to refine tlioir tastes. A biscuit-china is, by a some- 
what similar process, employed in several of the porcelain-manufactories on the Con- 
tinent for the production of statuettes, busks, &:c., hut in colour and character they are 
all inferior to the English Parian. See Bkicks ; Ci^av ; Tiles, 

Our Exportations of earthenware and chinaware have been as follow : — 

1866 1867 1868 1869 1870 

;ei,686,864 £1,666,054 £1,682,721 £1,827,798 £1,746,158 

1871 1872 1873 1874 

£1,731,483 £1,936,187 £2,048,872 £1,742,053 

POITDMB BARTTX^ra. See Explosive Agents. 

POWBSXf COXiOirZfiL. Sec ExpLosn’E Agents. 

PMBCZFZTATB is any matter separated in minute particles from a fluid holding 
matter in solution, which subsides to the bottom of the vessel in a pulverulent form. 

IPSBCZPZTATB, &SD. Kod oxide of mercury. 

FKBCZFZTATS, WSZTZS. An amnioniacal chloride of mercury. 

F&888, BTB&AirZiZC. Though the explanation of the principles of this power- 
ful machine belongs to a work upon mechanical engineering rather than to one upon 
manufactures, yet as it is often referred to in this work, a brief description of it can- 
not be unacceptable to many of our readers. 



The framing consists of two atout cast-iron plates, n, 5, which are strengthened by 
pojecting ribs, not seen in the section,^. 1663. The top or crown-plate 5, and the 
baseplate ii, a, are bound most firmly together by 4 cylinders of the best wrought 
iron, r, c, which pass np through holes near the ends of the said plates, and are fast 
wedged in them. The iht pieces e, s, are screwed to the ends of the crown and base- 
plat^ so as to bind the c^nmns laterally. /, is the hollow cylinder of the press, 
which, as well as the ram gt is made of cast iron. The upper part of the cavity of 
the cylinder is cast narrow, but is truly and smoothly rounded at the boring-mill, so 
as to fit pr^y closely roui^ a well-turned ram or piston ; the under part of it is left 
somewhat wider in the casting. A stout cup of leather, perforated in the middle, is 
put upw the ram, and serves as a valve to render the neck of the cylinder perfectly 
water-tight by filling up tha space between it and the ram ] and since the mouth <£ 
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the cup is turned downwards, the greater the pressure of water upwards, the more 
forcibly are the edges of the leather valve pressed against the insides of the cylinder, 
and the tighter does the joint become. This was Bramah’s beautiful invention.^ 

Upon the top of the ram, the press-plate, or table, stren^hened with projecting 
ridges, rests, which is commonly called the ‘ follower,’ because it follows the ram closely 
in its descent. This plate has a half-round 
hole at each of its four corners, corresponding 
to the shape of the four iron columns along 
which it glides in its up-and-down motions of 
compression and relaxation. 

k,figs, 1663 and 1664, is the framing of a 
force-pump with a narrow barrel ; i is the well 
for conbiining water to supply the pump. To 
spare room in the engraving, the pump is set 
close to the press, but it may bo removed to 
any convenient distance, by lengthening the 
water-pipe u, which connects the discharge of 
the force-pump with the inside of the cylinder 
of the press. Fig. 1665 is a section of the 
pump and its valves. The pump m, is of 
bronze ; the suction-pipe has a conical valve 
with a long bail ; the solid piston or plunger 
p, is smaller than the barrel in which it plays, 
and passes at its top through a stiiffing-box q ; 
r is the pressure- valve, s is the safetj’^- valve, which in fig. 1664 is seen to be loaded 
with a weighted lever ; t is the discharge-valve, for letting the water escape from 
the cylinder, beneath the ram, back into the well. See the winding passages in fig. 
1666. u is the tube which conveys the water from the pump into the press-cylinder. 
In fig. 1664, tw'o centres of motion for the pump-lever are shown. By shifting the 
bolt into the centre nearest the pump-rod, the mechanical advantage of the workman 
may bo doubled. Two pumps are generally mounted in one frame for one hydraulic 
press : the larger to give a rapid motion to the ram at the beginning, when the resist- 
ance is small ; the smaller to give a slower but more powerful impulsion, when the 
resistance is much increased. A pressure of 600 tons may be obtained from a well- 
made hydraulic press with a ten-inch ram, and a two and a one inch set of pumps. 
See Water Presstjre Machine. 

PUXircs’S BfSTikXi, or Prince Bupert’s metal, is a brass containing about 25 
per cent, of zinc. 

PRZlTTXXirG. {Imprimerie, typographic, Pr. ; Buchdriickerkunet, Ger.) The art 
of baking impressions from typos and engravings in relief. 

History. — The art itself is of comparatively modern origin, only 400 years having 
elapsed since the first book, properly so called, issued from the press ; but we cannot 
doubt that its principle avas known to the ancients. It has certainly been practised in 
the East from fi very twirly periotl, and in a manner similar to our own first attempts. 
That a rude kind of printing wa.s known to the Babylonians is evident from the 
undecayed bricks of that city which have been found stamped with various cuneiform 
and hieroglyphic characters ; but as the stamp itself was in one piece or block, it 
was inapplicable to the propagation of knowl^ge, from its cost and tediousness of 
production. 

The Chinese are the only people who have continued this primitive mode of print- 
ing to the present time. Their earliest attempts are stated in their chronicles to have 
been made about 60 years before the Christian era ; but it was not till the reign of 
the Emperor Ming-tsong (927-934 a.i>.) that any great advance was made in print- 
ing largo numbers of comparatively cheap books. The name of the Chinese Caxton 
was Tong-bio. Ho obtained permission of the Emperor in 932 to print and circu- 
late copies of the ‘Classical Works,’ as they are called, by taking impressions 
from stone plates, the letters cut into them, so that the impression on the paper was 
bbick and the letters themselves left white. This is still the case in all Chinese 
lithographic printing. Tong-tao, however, subsequently obtained the Emperot^S 
sanction to cut in wood and print an edition of the nine ‘ King,’ or classical books, 
for the use of the Imperial College in Peking. This was completed in 962 ; and, 
although intended only for the pupils of the college, it was made purchasable by 
any person in the empire. The process pursued in the printing of this work is pre- 
cisely the same as at the present day, the following being the modus oj^erandi : — 

The work intended to be printed is handed to a caligraphist, who writes the sepa- 
rate pages on fine tracing-paper ; these are given to the engraver, who glues them 
face downwards upon a thin plate of hard wo^, called li^ resembling that of the peas* 
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tvee, «iMi he cute awey with a sharp instrument all those parts of the wood on which 
nothing is traced, leaving the transcribed characters in rdief and ready for printing. 
The Chinese printer then, having no notion of the printing ^ress, makes use of two 
fine brushes, both held in the right hand, one of which contains ink, the oUier dry. 
With the former he blachens the letters ; the latter he passes gently over the paper 
which has been laid on them. By this means an expert workman can take a large 
number of impressions in one day. As the Chinese paper is thin and transparent, it 
is printed on one side only, two pages side by side, and the sheet has a black line 
down the middle, as a guide to the binder, who folds it double, and fastens the open 
leaves together. Various attempts have been made in the Celestial Empire to sub- 
stitute moveable types for the wooden blocks, but they have always terminated in a 
return to the old method. 

The ancient Romans made use of metal-stamps, with characters engraved in relief, 
to mark their articles of trade and commerce ; and Cicero, in his ‘ Re NaturA Reorum,’ 
has a passage from which Toland imagines the moderns have taken Uie hint of print- 
ing. Cicero orders the types to be made of metal, and calls them fomuB literarunit 
the very words used by the first printers to express them. In Virgil’s time, too, 
brands, with letters, were used for marking cattle, &c., with the owner’s name. 
laxLdsQQT (Lectttrea on the Art of Engraving, 8vo. 1807) observ’es, ‘Had the modern 
art of making paper been known to the ancients, we had probably never heard the 
names of Paust and Finiguerra ; for with the same kind of stamps which the Romans 
used for their pottery and packages, books might also have been printed ; and the same 
engraving which adorned the shields and pateras of tlie more remote ages, with the 
addition of paper, might have spread the rays of Greek and Etrurian intelligence 
over the world of antiquity. Of the truth of this assertion I have the satisfaction 
to lay before you the most decided proofs, by exhibiting engraved Latin inscriptions, 
both in cameo and intaglio, from the collection of Mr. Rouco, with impressions taken 
^em at Mr. ISavage’s letter-press but yesterday [1806]. One of them is an 
intaglio stamp, with which a Roman oculist was used to mark his medicines ; the 

other, w hich is of metal, and in cameo, 
is simply the proper name of the 
tradesman by whom it has probably 
been used. ‘ T[itus] Valagini Mauri.’ 
Fig, 1667 is a facsimile of the latter 
stamp. 

Books before ike Invention of Print- 
ing. — The value of books and the 
esteem in which they were held before 
the invention . of printing, were such, 
that notaries were employed to make 
the conveyance with as much care and attention as if estates were to be trans- 
ferred. It was then thought the worthy occupation of a life either to copy or 
collect an amount of reading which modern improvements now present to us for a 
few shillings. Galen tells us that Ptolemy Philadelphus gave the Athenians 16 
talents, with exemption from all tribute, and a great convoy of provisions, for the 
autci^p»phs and originals of the tragedies of jEschylus, Sophoedes, and Euripides. 
*PiBistratus is said to have been the first among the earliest of the Greeks who pro- 
jected an immense collection of the works of the learned, and is supposed to have 
been the collector of the scattered works which passed under the name of Homer.’ — 
jy Israeli, Curiosities of Literature, 

Among the Romans the bulk or goodness of a man’s library was the distinguishing 
marie of his excellence or wisdom. Middleton {Life of Cicero), speaking of Cicero 
himself, says: ‘Kor was he less eager in making a collection of Greek books, and 
forming a hibrary, by the same opportunity of Atticus’s help. This was Atticus’s own 
passion ; who, having free access to all the Athenian libraries, was employing his slaves 
in copying the works of their best writers, not only for his own use, but for sale also, 
and w copimon profit both of the slave and the master.’ 

The passion for the enjoyment of books has in all ages led their lovers to cover 
them with the most costly and ornamental bindings. The ancients commonly 
adoned them with pendent ornaments of variously-coloured cloth, and the covers 
were stained with scarlet or purple colour : * Hirsutus sparsis ut videare comis ’ 
{Ovii), and ^Puipo]^ fitlgeos habitu, radiantibus uncis ’ (Martial). The utwi were 
wdlets of wood or ivoiy, round which the books were rolled to prevent injury to 
their fronts. Ovid and TibuUns call them cornua, from the similarity of their ends to 
horns. Epistles difiared ftom books in this : the leaves were folded together, and 
tm^und with linen tape^ and sealed with creta Adatica, while books were * bound * as 
wre. 14 imvever, iHim wesre more than one, ' or if one epistle was to be 
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preserved in the library, it was enclosed and turned round, and not folded : hence the 
word volumen ' {Arts of the Greeks and Romans), * Video quod agas : tuae quoque 
epistolas vis roferam in volumina * (Cicero). 

The orders respecting books in the ‘Close Rolls* of the Middle ^es are 
interesting, not only as illustrating tlie literary taste of the age, but principaUy 
because they generally contain some circumstance which shows the scarcity and value 
of the article. It was not until a period considerably subsequent to the invention of 
printing that the cost and rarity of books ceased to obstruct the advancement of 
learning and the diffusion of knowledge. 

Block Books. — Incredible difficulties were encountered by those who undertook 
first to lay open the stores of ancient learning, from the scarcity of MSS. ; for the 
literary treasures of antiquity had suffered from the malice of men as well as from the 
hand of time. The time had now come, however, when the world’s inheritance of 
tlie knowledge of Greece and Romo was to be secured from any further destruction. 
The art of printing books from engraved blocks of wood was no doubt invented in 
Holland; and, apart from the great interest created by the object for which the 
block books were designed, namely, the propagation of the Scriptures (being, as it 
were, the forerunner of the Reformation), they are extremely valuable as exhibiting 
the first attempts at engraving on wood in the form of books, many of them having 
preceded the art of printing by moveable types. — Sotheby's ^ Block Books' 

But that prints without text, or letter-press as it is termed, were in common use at 
a period considerably anterior to that of the block books there is abundant evidence. 
It is related by Papillon, (Traite Historiqtte et Pratique de la Gravure en Bois,) that 
the heroic actions of Alexander the Great were engraved on wood by the two Cunio, 
Alexander Alberic and his sister Isabella, and impressions printed from the blocks 
as early as 1285; and his stiitement has been supported by Ottley, (‘Early Hist, of 
Engra'vnngupon Copper and Wood, &c.,’ 2 vols. 4to. 1816,) and Singer, (‘Hist, of Playing 
Cards, &c.,’ London, 4to. 1816). But Jackson, (‘ Hist, of Wood Engraving,’) takes some 
trouble to prove that Papillon was excessively credulous, if not deranged. Towards 
the end of the fourteenth century, too, playing cards were engraved and printed for the 
amusement of Charles VI. King of Prance, who reigned from 1380 to 1421. The 
print of St. Christopher ctirrying the infant Saviour on his back across the sea, in the 
collection of Kirl Spencer, beiirs au inscription and the date 1423 at the bottom of 
the same block ; but one in the possession of Mr. J. A. G. Weigel of Lcipsicis supposed 
to bo the work of even an earlier artist.* These circumstances, together with the fact 
that the Government of Venice published a decree, dated October 11, 1 441, wherein the 
art and mystery of making ‘playing cards and coloured figures printed’ are stated 
to have fallen into decay in consequence of the groat quantity which had been made 
out of that state, and which were now prohibited under pain of forfeiture and fine,* 
all prove that the knowledge an<l practice of printing, although not applied to the 
sproid of knowledge and the multiplication of books, had yet an existence in Europe 
long before the time to which it is usually attributed. 

When the substructure had been completed, the work was pursued with the utmost 
eagerness. Great numbers of books were produced, evidently in the Chinese manner 
above described ; for the diversity of the characters found in block books has been a 
never-ending puzzle to those who have endeavoured to ascertain the printer by com- 
parison of the formation of the letters used. The workmanship of many of these 
picture-books was of a coarse description, without shadowing or ‘cross-hatching,’ 
tastelessly daubed over with broad colours, especially those printed for circulation 
amongst the poorer classes. Those best known of this class were called Biblia 
Paujjcrum, poor men’s books, or ratlier books for poor preachers, and consisted of a 
series^ cf rude engravings, each occupying a page, but divided into compartments 
containing pictorial illustrations of the most remarkable incidents mentioned in the 
Books of Moses, the Gospels, and the Apocjilypso. 

Invention of Moveable Types . — Giitc^iberg, — About the year 1438, while the learned 
Italians were eagerly deciphering their recently-discovered MiSS., and slowly 
circulating them from hand to hand, it fell to the lot of a few obscure Germans to 
perfect the greatest discovery recorded in the annals of mankind. The notion of 
printing by moveable types, and thereby saving the endless labour of cutting new 
blocks of letters for every page, was reserved for John Gutenberg of Mayenca* 
Born in that city about the beginning of the century, he settled at Strasbu^ about 
1424, and commenced printing in the house of one Dritzehen, But having been 
engaged in a lawsuit connected with Hritzchon’s family, and exhaust^ his means, 
he returned to Mayonce, where lie resumed his typographic employment in ^rtnership 
with a wealthy goldsmith, named John Fust or Faust. After many experiments with 

‘ A copy of Mr. Weigeru print may be seen in Sotheby's * Block Books,* voL 11. p, 101. 

» Xhil must be regaled as the earliest authentic dooumeut req^cting Frintiiig. 
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Tom jMreMefl and moTaable types, G-utenberg succeeded in printing an edition of the 
VnlMte, the Mayence or Haearin Bible, so called from a copy having been discovered 
in the library of Cardinal Mazorin in Paris. The work was done between the years 
1450 and 1455, and was printed on vellum ; but there are several paper copies in 
England, France, and Germany. The partnership between Gutenberg and Fust 
having been dissolved, and the former being unable to repay part of the capital 
advanced 1^ the wealthy goldsmith, the whole of tlie printing apparatus fell into the 
hands of Fust, who ‘printed off a considerable number of copies of the Bible, to 
imitate those which were commonly sold as MSS. ; and he undertook the sale of them 
at Paris. It was his interest to conceal this discovery, and to pass off his printed 
copies for liSS. But, enabled to sell his Bibles at sixty crowns, while the other 
scribes demanded five hundred, this raised universal astonishment; and still more 
when he produced copies as fast as they wore wanted, and even lowered his price. 
The uniformity of the copies increased the wonder. Informations were given in to 
the magistrates against him as a magician; and in searching his lodgings a ^reat 
number of copies were found. The red ink, — ^and Fust’s red ink is peculiarly 
brilliant, — ^which embellished his copies, was said to bo his blood ; and it was 
solemnly adjudged that he was in league with the infernals. Fust at length was 
obliged, to save himself from n bonfire, to reveal his art to the Parliament of Paris, 
who discharged him from all prosecution in consideration of the wonderful in- 
vention .’ — ly Israeli, Curiosities of Literature. 

This Bible was printed \rith large cut metal t3rpes; but in 1457 a magnificent 
edition of the ‘Psalter’ appeared, printed by Fust and hi.s assistant and son-in-law, 
Peter Schoeffer, who had l^n taken into partnership. In this bonk the new inven- 
tion was announced to the world in ‘a boasting colophon,’ though certainly not 
unreasonably bold. Another edition of the ‘ Psalter,’ one of an ecclesiastical 
book, Durand’s account of Litur^cal Offices,* one of the Constitutions of Pope 
Clement V., and one of a popular treatise on general science, called the Catholieon,'-' 
filled up the interval till 1462, when the second Mayence Bible proceeded from tlio 
same printers. This, in the opinion of some, is the earliest book in which cast metal 
types were employed; those of the Mazarin Bible having been cut by the hand. 
But this is a controverted point. In 1465 Fust and Schoeffer published an edition 
of Cicero’s ‘ Offices,’ the first tribute of the new art to polite literature. — HaUam, 
Europe during the Middle Ages, vol. iii. p. 470. 

After the lapse of a few years the pupils and workmen of Fust and Schcefft^r, 
dispersed into various countries by the sacking of Mayence, under the Archbishop 
Adolphus, the invention was thereby publicly made known, and the art spread over 
all parts of Europe. Before the year 1500, printing presses had been set up in 220 
pla^, and a multitude of editions of the classical writers given to the world, 
inlander {Dictionnaire BiUiographique chmsi du quinzieme Biecle, &rc., Bruxelles, 
1806, 3 vols.), in his interesting ancf masterly work, gives at the end of his first 
volume a chronological table of 200 places where the art was practised during the 
15th century, with the names of the printers and of the first productions of their 
presses. We cannot afford room for this list ; but must be content to state that from 
Mayence the art was transplanted to Haarlem and Strasburg ; from IBinrlem to Homo, 
in 1466, by Sweynheym and Pannartz, who were the first to make use of Roman types ; 
to Paris in 1460 ; to England in 1474 ; and to Spain in 1475 ; and spread so rapidly 
that, between the years 1469 and 1475, most towns in Germany, Italy, and the 
Netherlands had m^e successful attempts in the production of printed copies of the 
most valued authors of the time. 

in England. — Until about the period of the Restoration, William Caxton 
was uniTersally acknowledged to have introduced the art of printing into this country, 
hi or about the year 1471. But, in 1664, a Mr. Richard Atkyns, in a work called 
‘The Original and Growth of Printing,’ &c., brought before the notice of the 
curious a little book, printed at Oxford, bearing the date 1468, three years before the 
period usually assign^ to the labours of Caxton. This work took literary men by 
surprise, and gave rise to the most violent discussions. It is related by Atkyns that 
a Dutchman of the name of Frederic Corsellis was induced to desert his employers 
in the Low Countries, and that one Richard Tumour, an agent of King Henry VI., 
amisted by William Caxton, who was well known in Holland as a merchant, and 
therefore likely to throw the jealous possessors of the new art off their guard, 
brought him to England, adiere at Oxford ho was set to work by Archbishop 
Bomber, ten years More the date of Caxton’s first book.* But the silence of Caxton 

. ‘ * tUfiemsT Dhtoomm Oflideruin * of William Durand, 1459. 

* ‘^tbottoon Jeannris,* 146& in the King’s Library, 
las. title at this voliiiQe of CwneUis is, ‘ Sxposido Sanctl Jeronimi in Simbolom Apostolomm ad 
and si the end, ‘BxpUoit Exposido, kc. Impressa Oxoniii et fiolta Anno 
Pwlidiioooaxm.,xvndieDeoembri^^ 
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on a subject in Trhicli he took the utmost interest, and in which it is stated on this 
occasion he was an important actor, is a strong argument against the authenticity of 
the story. Indeed, M. Santander (vol. i. p. 3‘28) does not for a moment entertain the 
pretensions of Corsellis, and agrees with Dr. Conyers Middleton in considering that 
the date MCCCCLXA^III. ought to have been MCCCCLXXVIII., an X having been bj 
accident omitted by the compositor: — * Voil4 co que Richard Atkyns imagina, et leg 
moyens dont il se servit, en 1664, pour soutonir centre le corps des libraires de 
Londres, que rimprimerio 4tait un droit de la couronne en Angletorre. Mais le 
docteur Middleton, dans sa “ Dissertation sur I’Origino de 
rimprimerio en Angleterro,” imprim^e k Cambridge, en jggg 

1734 , in 4®, a prove d^mon strati vement, que I’impression 
d’Oxford, de I’Expositio S. Jeronimi in Simbolum Apo- ^ 


^i> 

stolorum,” est de Tan 1478, le compositeur ayant omis im 5 ^ JC 5^ 

X dans la date de la souscription (faute typographique ,C ^ ^ 

dont nous avons plusiours exemples dans les impressions - g ^ S 

du XV« si6cle).’ Amongst other examples of blunders ■ ^ 

of this description, the learned Doctor observes ; — Rut ^ ^ 
w'hilst I am now writing, an unexpected instance has 2 ^ ^ 

fallen into my hands, to the support of my opinion ; an ^ 

“Inauguration Speech of the Woodwardian Professor, w ^ 

Mr. Mason," just fresh from the press, with its date S ^ 

given ton years earlier than it should have been, by ^ ^ ^ 

the omission of an X, viz. MDCCXXIV. ; and the very ^ ^ Jo Cf 

blunder exemplified in the last piece printed at Cam- ^ ^ g '*8 f* 

bridge, which I suppose to have happened in the first ^ Q S ^ 

from Oxford.’ ^ S 

Whether, however, Caxton was or not the first English ^ M— JJ 
printer, it is quite certain that ho was the first who made ^ ^ 

use of cast metal types, the works of Corsellis having II j v O 

been executed with merely wooden ones. During a long 
residence abroad he had acquired a practical knowledge of ^ 
the art ; and on his return to England in 1471, setup a press ^ ^ ^ 

at Westminster Abbey, in an old chapel* adjoining that ^ ^ ^ ^ 

edifice ; and was for many years en^ged in tr.anslating and 1^ ^ ^ 

printing books on a variety of sulyects. His first work is S 

‘Le Recuoil dos Ilistoires dp Troyes’ of Raoul le Eevre, ^ rJS VfC ^ 

chaplain to the Duchess of Burgundy ; but ‘ The Dictes ^ ^ 2 

and Sayinges of the Philosophers' is the earliest book S 

known to have issued from his press with the date and OD ^ “UJ 

place of printing; and we have no proof at all that his >3r g Af ^ 

six earlier works* were printed in this country. Indeed, y g 

it is stated in the Life of Caxton, in Ames’s ‘ Typ. ^ ^ W 

Antiquities,’ p. xcv, that the Prench and English editions ^ ^ 
of the ‘ Histories of Troy’ are justly ‘admitted to have ttj? ^ 
been printed abroad.’ ^ O 

The types used in Caxton’s works, as well as in those 'C ^ ^ 

of most of the early printers, were the Gothic or black- ^ 
letter characters, said to have been invented by Ulphilas, ^ q 

first bishop of the Moeso-Goths. A facsimile of Caxton’s 55 "Tr- Xj ^ ^ 

types is here annexed, Jig. 1668, showing the formation of ^5 2 
his letters; and proving to our mind that, as compared ^ ^ 

with the specimens we have seen of the characters used 
by the Oxford printer Corsellis, they have an undoubted rQ 

claim to the greater antiquity. ^ R 

Caxton is said to have printed 64 books; and was 
followed by his pupils or assistants, Theodore Rood, flL 1 ^ vjj— M— 
JohnLettou, William Machilinia, and WynkyudeWorde, ^ ^ 

all foreigners, and Thomas Hunt, an Englishman. All 
these pioneers of the art worthily maintained the honour V 
of their master’s name ; and Wynkyn do Word© is ^ 
especially remarkable for his improvements and typo- 
graphical excellence, and ns having been the first printer in England who introduced 
the Roman letter. He printed 410 works. 

' 'From which cironmntance an assemblage of printers is to this day called a ‘ chapel.* 

• Viz. 1. ‘ Le llecueil des Histoires de Troyes ;* 2. ‘ Propositio clarissimi oratoiis Moglstri Johannii 
Russell,' 4tc. ; a. ‘ Ilecuyell of the Histories of Troye ’ ; 4. ‘ The Game and Flayof the Chesae ; * 

fi. The same ; and 6. * A Boko of the hoole Lyf of Jason.f 
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The qptrit and taste of the patrons of the first printers are shown in the character 
of their earliest works, religious books and romances constituting the greater part of 
the productions of the father of English printing. But tho art, although at first coun- 
tenanced by the clergy, was soon looked upon with extreme jealousy by the Church, 
fiflforts were made towards the publication of the Word of God ; but for the first 60 or 
70 years aU copies of the Scriptures were printed in the Latin or some other langiiage, 
not understood by the generality of the people. A now era had, however, arriv^. 
The doctrines of the Beformation had proclaimed the Bible as man’s best guide and 
teacher, and the people yearned to possess Bibles. Wickliffe’s translation was never 
printed. The part of the Sacred Writings in the English lan^iage first produced by 
the printing press was the New Testament, translated by William Tindal, assisted by 
Miles Ooverdale, afterwards Bishop of Exeter ; it was printed at Antwerp, in 1626 ; 
but as it gave offence to Wolsey and the Church, the whole impression was bought up 
and burnt The first complete English Bible printed by authority was Tindal’s 
version, revised and compared with the original by Ooverdale, and a^rwards exam- 
ined by Cranmer, who wrote a preface for it. Of tliis edition, hence called ‘ Cran- 
mer’s Kble,’ 600 copies were printed by Grafton and Whitchurch, to whom Henry 
VHI., in letters patent, dated November 13, 1539, granted the solo right of printing 
the Bible for five years. It was ordered by royal proclamation to be set up in all 
churches throughout the kingdom, under a penalty of 405. a month in every case of 
neglect. So ^^reat was the demand for copies of the Scriptures in the 16th century, 
that we have in existence 326 editions of the English Bible, or parts of the Bible, 
printed between 1526 and 1600. 

The progrm of the art in the first centuiy of its existence was remarkable ; but the 
earliest English printers did not attempt what the Continental ones were doing for the 
ancient classics. ‘ Down to 1540, no Greek book had appeared from an English pre.s8 ; 
Oxford had only printed a part of Cicero’s Epistles ; Cambridge no ancient writer 
whatever. Only three or four old Koman VTiters had been reprinted, at Uiat period, 
throughout England. But a great deal was done for public instruction by the course 
which our early printers took ; for, as one of them says : “ Divers famous clerks and 
learned men translated and made many noble works into our English tongue, whereby 
there was much more plenty and abundance of English used than there was in times 
p^.” The English nobility were, probably, for more than the first half-contury of 
English printing, the great encouragers of our press ;— they required translations and 
abndgments of the classics, versions of French and luilian romances, old chronicles, 
and helps to devout exercises. Caxton and his successors abundantly supplied these 
wants, and the impulse to most of their exertions was given by the growing demand 
for literary amusement on the part of the great. Caxton, speaking of his “ Boke 
Eneydos,” says : “ This present book is not for a rude uplandish man to labour therein, 
nor read it ; but only for a clerk and a noble gentleman, that feeleth and under- 
standeth in feats of arms, in love, and in noble chivalry.” But a great change was 
working in Europe ; the “ rude uplandish man,” if he gave promise of talent, was 
sent to school. The priests strove witli the laity for the education of the people ; and 
not only in Protestant but in Catliolic countries were schools and universities every- 
where ficunded. Here, again, was a new source of employment for the press — 
A, B, Cs, or Absies, Primers, Catechisms, Grammars, Dictionaries, were multiplied in 
every direction. Books became, also, during this period, the tools of professional 
men. There were not many works of medicine, but a great many of law. The people, 
too, required instruction in the ordinances they wore called upon to obey ; and tlms 
the Statutes, mostly written in French, were translated and abridged by Eastell, our 
fint law^printer. 

* After all this rush of the press of England towards tho diffusion of existing know- 
ledge, it began to assist in the production of new works, but in very different directions. 
Mudi the poetry of the sixteenth century, which our press spread around, will last 
for BTtat : its controvenual divinity has, in great part, perished. Each, however, was 
a natnral supply, arising out of the demand of the people ; as much as the chronicles, 
and romances, and grammars were a natural supply ; and as the almanacks, and 
mysteries, and which the people then had, were a natural supply. Taken 

altogether, the acrivity of the press of England, during tho first period of our enquiry, 
was very remaritable. Ames and Herbert have recorded the names of 350 printers in 
England and Scotland, or of foreign printers engaged in producing books for England, 
that fionrished between 1471 and 1600. The same authors hare recorded the titles of 
nearly 10,000 distinct works printed amongst us during the siime period. Many of 
these works, however, were only single sheets, but on the other hand, there are, 
doubtless, many not here registeiM. Dividing the total number lof books printed 
fanng these 130 years, we Am that the average number of distinct works placed 
yea* wis 73/— Magasm^ 
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The first book in which Greek types occur is Cicero’s * Offices/ printed in the year 
1465, in which the characters are so imperfect that the words are with difficulty 
deciphered ; but the first work printed wholly with Greek types is a Greek Grammar, 
written by the learned Constantine Lascaris, printed in Milan by Dionysius Paravi- 
sinus, in 1476, in 4to. It went through several editions in Italy, ITrance, and Switzer- 
land. One of them, that of Aldus, printed in Venice in 1495, is the first Aldine book 
printed with a date. One of the most elegant specimens of ancient Greek typography, 
valued not only for its beauty, but also for its rarity and the accuracy of its text, is 
the * Argonautica, Flor. ap Junta, 1600,’ 4to. editio 'pHnceps, 

It was not unusual for the early printers of Greek, as well as of other works, to 
endeavour to imitate the characters of the MSS. of the age. In this they were more 
or less successful. An exceedingly beautiful specimen of this kind of printing is the 
cditio princeps of Isocrates ; ‘ Orat. k Demetrio Chalcondyla, Gr. Mediol. ap. Henr. 
Germanus et Sebastianus ex Pontremula,’ 1493, folio. The text of this edition is said 
to bo remarkably accurate. Fabricius considers it more so than that of the Aldine 
edition of 1613. 

The first Greek book printed in Romo was the works of Pindar ; ‘Pindari Opera 
Gr. cum Scholiis Callieggi.’ Rome, 1516, 4to. This is also remarkable as the first 
edition with the Scholia. The first Greek work printed at Cambridge was Plato’s 
‘ Menexenus, sive Funebris Oratio, Exhortatio ad Patriam amandam atque defendam. 
Cantab.’ Greek types were not introduced into Scotland till after the middle of the 
IGth century. In a 4to. volume printed in Edinburgh in 1563, entitled, ‘ The Confuta- 
tion of the Abbote of Crosraguel’a Masse,’ there is an Epistle by the Printer to the 
Reader, apologising for his want of Greek characters, which ho was obliged to supply 
by manuscript. 

The first work printed with Roman types was Cicero’s * Epistolae Familiares,’ by 
Sweynheym and Pannartz, at Rome, in 1467. Italic type was invented by Aldus 
Manutius, about 1500. 

Italy has the honour also of having printed the first Hebrew Bible, at Soncino, a 
small city in the Duchy of Milan, in 1488, under the superintendence of two Jewish 
rabbins, named Joshua and Moses. The edition of Brescia, of 1494, was used by 
Luther in making his German translation. But Hebrew types were not introduced 
into England for many years after this period; for we find that in 1524, Dr. Robert 
Wakefield, chaplain to Henry VIII., complains, in his ‘ Oratio do Laudibus,’ &c., that 
he was obliged to omit his whole third part, as the printer (Wynkyn de Worde) had 
no Hebrew types. Towards the end of the 16tli century, various works were printed 
in Syriac, Arabic, Persian, Armenian, and Coptic or m<xlern Egyptian types ; some to 
gratify the curiosity of the learned, and others for the liturgic uses of the Christians 
in the Levant, 

In the IGth century the broils consequent on the Reformation, although that event 
stimulated religious enquiry, did much to impede the progress of the art in England. 
But the civil wars and the gloomy religious spirit which succeeded till the pedantry 
and verbal criticism of the reign of James I., and which prevailed to the Restoration, 
interrupted still more the production of works calculated to cultivate the under- 
standing. Indeed, we cannot but regard this period as the least favourable to the 
diffusion of knowledge of any period in the history of our literature. In the British 
Museum is a collection of controversial and quibbling tracts amounting to the 
enormous number of 30,000,* while the impressions of new books printed during 
these stormy times were very few. Dr. Johnson has well remarked that the nation, 
frtmi 1623 to 1664, W'as satisfied wdth two editions of Shakspeare’s Plays, which, pro- 
bably, together did not amount to a thousand copies. But during this period we 
must not forget the present Authorised Version of the Bible, tra»slated by the forty- 
seven distinguished scholars appointed by James L, and printed in 1611, which is 
allowed by competent judges to be one of singular merit, and indeed the most perfect 
ever produced. An unfavourable effect was also produced on our national literature, 
and on the progress of the press, by the licentiousness introduced by the literary 
parasites and courtezans of the Restoration. Under such a state of mental depres- 
sion, Milton could obtain only \5l. for the MS. of his immortal ‘ Paradise Lost,* and 
an Act of Parliament was actually in force enacting that only twenty printere should 
practise their art in the whole kingdom! Burton, who lived near this time, has 
drawn a miserable picture of the abject condition of literaiy men when they had such 
patrons t> rely upon : — ‘ Rhetoric only serves ^em to curse their bad fortunes ; and 
many of them, for want of means, are driven to hard shifts. From grasshoppers they 
turn humble-bees and wasps, plain parasites, and make the Muses mules, to satiid^ 
their hunger-starved paunches and get a meal’s meat.* 


^ Tomlinson^s OoUeotioiv^ 
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IM iiddition to these impediments, the Crown endoAVonred, in the reign of Charles 
IL, to destxoj the activity of the press ; *and in this it had the example not only of 
all fynmer reigns (in whiw nothing had been legally published vtithout a license), but 
of the JjiTig Parliament itself, which had laid severe restrictions upon the printing of 
**seuidalou8 and unlicensed papers.*’ At one time, indeed, it was ordered that no 
printing should be carried on anj^here but in the City of London and the two 
Universities ; and all London printers were to enter into a bond of 300^. not to print 
anything against the Government, or without the name of the author (or at least of 
the licenser) on the title-page, in Edition to their own .* — EedesMs Ena. Antiquities, 
p. 325. 

It has been ascertained, by counting, that the whole number of books printed 
during the fourteen years from 1666 to 1680, was 3,650 ; of which 247 were divinity*, 
420 law, and 163 physic, so that two-fifths of the whole were professional books; 
897 were school-books, and 253 on subjects of geography and navigation, including 
maps. Taking the average of these fourteen years, the total number of works pro- 
duced yearly was 253 ,* but deducting the reprints, pamphlets, single sermons, and 
maps, we may fairly assume that the yearl}" average of new books was much under 
100, Of the number of copies constituting an edition we have no record ; we appre- 
hend it must have been small, for the price of a book, so far as we can ascertain it, 
was considerable. 

The period from the accession of George III. to the close of the 18th centiir}’ is 
marked by the rapid increase of the demand for popular literature, rather than by 
any prominent features of originality in iiterar^’^ production. Periodical literature 
spread on eveiy side ; newspapers, magazines, reviews, were multiplied ; and the old 
system of selling books by hawkers was extended to the rural districts and small 
provincial towns. Of the number-books thus produced, the quality was indifferent^ 
with a few exceptions ; and the cost of these works was considerable. The principle, 
however, was then first developed, of extending the market, l)y coming into it at 
regular intervals with fractions of a book, so that the hiimblost customer might lay 
by each week in a savings’-bank of knowledge. This was an important step, which 
has produced great effects, but which is even now capable of a much more universal 
application than it has ever yet received. Smollett's * History of England ’ was one of 
the most successful uumber-lx)oks ; it sold to the extent of 20,000 copies. 

We may exhibit the rapid growth of the publication of new books, by examining 
the catalogues of the latter part of the eighteenth century, passing over the earlier 
years of the reign of George III. In the ‘Modern Catalogue of Books/ from 1792 
to the end of 1802, eleven years, we find that 4,096 new works were published, exclu- 
sive of reprints not altered in price, and also exclusive of pamphlets : dedueting 
one-fifth for reprints, we have an average of 372 new books per year. TJiis is a 
prodigious stride beyond the average of 93 per year of the previous period. But 
we are not sure that our literature was in a more healthy condition. I^om some 
cause or other, the selling price of books had increased, in most cases 50 per cent., 
in others, 100 per cent. The 2s. 6d. duodecimo had become 4,9. ; tlie G.«. oebavo, 
10s, 6d. ; and the 125. quarto, 1/. l5. It would appear from this tlinl the exclusive 
market was principally sought for new books ; tLat the publishers of novelties did 
n(^ rely upon the increasing number of readers ; and that the periodical works 
constituted the principal supply of the many. The aggregate increase of the com- 
merce in books must, however, have become enormous, when compared with the 
rmvious fifty years ; and the effect was highly beneficial to the literaiy character, 
age of patronage was gone. 

Acci^ingto the Census of 1861, upwards of 26,000 persons are employed in printing 

and 11,000 in bookbinding 

JPrimHfiff in Saot/and.— Printing was introduced into Scotland, and begun in Edin- 
burgh, abrat 80 years after Caxton had brought it into England. Mr. Wutson, in his 
* Hiat^ of Printing,* says that the art was introduced into Scotland from tlio Low 
Countries the priests who fled thither from the persecutions at home. Be this as 
it may, we find James IV, granting a patent in 1507 to Walter Chapman, a merchant 
of Edinburgh, and Andrew Mollar, a workman, to establish a press in that city. 
Aeeording to bibliographers, the most ancient specimen of printing in Scotland exbmt 
is a eolleotion, entitled the ‘ Porteus of Nobleness/ Edinburgh. In 1509, a ‘ Breriary 
of the Church of Aberdeen * was printed at Edinburgh ; and a second part in the 
following year. Very few works, however, appear to have issued from the Scottish 
preM for the next 80 years; but from 1541, the date from which we find James V. 
Sruitiug licenses to print, the art has been pursued with success in the metropolis, 
“^tpreaent, and from the beginning of the present century, it is perhaps the most 
distinguished craft in the city, being conducted in all its departments of t 3 rpe-foanding, 
pcifitiiig, publishing, and, we may odd, paper-making at the mills in the vicinity. 
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Ireland. — Printing was not known in Ireland till about the year 1551, when a book 
in black letter was issued from a press in Dublin ; but till the year 1700 very little 
printing was executed in Ireland, and even since that period the country has acquired 
little celebrity in this department of the arts, although possessing some respectable 
printing establishments. 

Arnerica, — The art of printing has readily taken root and flourished among the 
civilised inhabitants of North America. The first printing press established in the 
American colonies was one set up at Cambridge, in Massachusetts, in the year 1638 , 
the era of the foundation of Harvard College of that place. It was only established 
by the exertions and joint contributions of different individuals in Europe and America; 
and there is no doubt that the mechanism and types were imported from England, 
The first work which issued from this press was the * Freeman’s Call,’ and the second 
the ‘Almanac for New England,’ both in 1639 ; the first book printed was the New 
England version of the Psalms, an octfivo A’olume of 300 pages, In 1676 books began 
to bo printed at Boston ; in 1686 printing became known in Philadelphia ; and in 
1693 in New York. In the year 1700 there were only four printing presses in the 
Colonies. Since that period, and especially since the revolution, which removed 
overj’thing like a censorship of the press, the practice of the art has undergone 
enormous expansion. Among the occupations enumerated in the Census of 1850 were 
14,740 printers and 3,414 bookbinders. In their style of typography and bookmaking 
the Americans are still inferior to the English, sacrificing beauty and durability to 
economy and despatch. — Chambers's Information., 

France. — The activity of the French press has very greatly increased since the time 
of the first Napoleon. Count Darn, in 1827 (Noiiems Statistiques sur la Libraire), 
estimated the number of printed sheets (exclusive of newspapers) produced by the 
French press in 1816, at 66,852,883; and it appears that in 1836 the number of 
printed sheets (exclusive of newspapers) had increased to 118,857,000 ; so that it may 
now be fairly estimated at from 130,000,000 to 140,000,000 of sheets. The quality ci 
many of the works which have issued from the French press is also very superior, 
such as the ‘ Biographie Universelle,’ the ‘ Art de verifier les Dates,’ and ‘Bayle’s 
Dictionary ; ’ and it is doubted whether such books could have been published in any 
other country. 

Germany. — The German printing press is always in a state of the greatest activity ; 
and the trade in books is very much facilitated by the book-fairs of Lcipzic, the Easter 
fair especially being frequented by all the booksellers of Germany, besides those of 
France, Switzerland, Denmark, Livonia, &c., in order to settle their mutual concerns 
and form new connections. In 1814 began a literary deluge, which still continues to 
increase. For the 5,000 works which then sufficed for the annual demand, we have 
now from 6,000 to 8,000. Private libraries are diminishing, and the public ones are 
daily increasing. 

In Austria the printing press has made rapid strides of late years. The Imperial 
Printing-office in Vienna, under the able management of M. Auer, has become an 
establishment of the highest interest. At the Exhibition of 1851, he presented to 
the notice of the public a collection of the Lord’s Prayer, printed with Koman type 
in 608 languages and dialects, the second section of which contained 206 languagefl 
and dialects, printed in the characters proper to the language of the respective nation. 
He has collected together the following founts, many of which are, however, to be 
found in the British type-foundries : — 


Hieroglyphic 

Hieratic 

Demotic 

Hthiopic and Amhario 
llimyaritlc 
Himyaritic (ornamen- 
ted) 

Cabylic, American In- 
script. Touaric and 
Thugga 

Ancient Hebrew 

Samaritan 

Hebrew 

Haschi or Babbinic 
(German Hebrew 
German Baschi 
Hebrew, Spanish-Le- 
vantine 
Aramaic 
Chaldee 
Palmyrlo 
Estrangelo 
^yriM 


Cnfio 

Glagolitic 

Arabic, Neschi 

Albanian 

Manritanio 

Albanian (differently 

Phenician 

shaped) 

Phenician (ornamen- 

Lycian 

ted 

Armenian 

Punic 

Gcoi^an 

Numidian 

Georgian (ccclesiost. 

Etrurian 

letters) 

Ancient Italian 

Persepolitan Cuneiform 

Bunic 

letters 

Gothic 

Pohlvi 

Celtic 

Zend 

Celtic (new shape) 

Cabool 

Anglo-Saxon 

Peguan 

Ancient Greek 

Oldest Indian Signs 

Greek 

Western Grotto In- 

Coptic 

1 scription 

CyriUic 

Apoka Inscription 

Cyrillic (differently 

Inscription of Gnzerat 

shaped) 

Dynasty of Gupta (Al- 

Bussian, Servian, Wal- 

1 lahabad) 

laohiaa 

i Bengali 


Ahom 

Tibetan 

Paasepa 

Butila (ten years after 
Christ) 

Devanagari (Sanscrit 
No. 1) 

Devanagari (Sanscrit 
No. 2) 

Kashmerian 

Sikh 

Assam Inscription 

Mahratta 

Orissa 

Gujeratee 

Kayti-Nagari 

Bandscha 

Bandschin-Mola 

Multan 

Sindhee 

Nerbndda 

Kistna 

Telinga 
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SMAUltA N«w Pali (Ko. 2) 

HMnnl Siamese 

MalayaUm Kambogo (with joint 

Cingalese and ^thont) 

KiddiTian Laos 

Javanese Birmese 

Xiousa Bhjan 

^ Kew Pali (Ko. 1) Bngis 


Bisaya Japanese (Katalcana 

Batta No. 1) 

Tagula Japanese (Katakaua 

Mongolese No. 2) 

Mnndschu Japanese (Firoknna) 

Chinese Tscliirokisian 

Ooreunic 
Furmusau 


Buaiia . — The art was not introduced into Kussia till the year 1560, when it was 
made known by aBussian merchant, who conroyed thither the materials of a printing- 
offioe, witii which many neat editions were printed. But as the Russians are a very 
superstitious nation, and apt to raise scruples without any foundation, some of them, 
•apprehending that printing might make some confusion or change in their religion, 
hired men to destroy the types and presses. No attempt W'as made to repair this 
injury or to discover the perpetrators of this fact. However, since that time they 
have admitted the press into Moscow and St. Petersburg, where until recently it made 
but slow progress. 

Turkey, — The total number of books printed in Constantinople during the years 
1871 and 1872 were 169, of which 39 were on theology and legislation, 38 on moral 
literature and poetry, 28 on history and biography, 26 on various sciences, and 38 on 
linguistic subjects. The Turkish Imperial Printing-office showed the greatest activity 
in its publications, having turned out from its presses in the year 1871 alone 46,000 
volumes for commercial and general purposes, and 74,000 volumes destined for the 
use of schools, and in 1871 50,880 of the former description and 45,000 of the latter. 
— Levant Herald. 

Teoidiarities of Early Printed Books . — The following are the points peculiar to the 
productions of the first printers : — 

1. Their forms were generally either large or small folio, or at least quarto; the 
lesser sises were not in use. 

2. The leaves were without running title, direction word, number of pages, or divi- 
sions into paragraphs. 

3. The character itself was a rude old gothic, mixed with secretary, designed on 
purpose to imitate the handwriting of those times ; the words were printed so close to 
one another that it was difficult and tedious to be read, even by those wlio were used 
to manuscripts and to this method, and often led the inattentive reader into mistakes. 

4 . Their orthography was various and often arbitrary, disregarding method. 

5. They had very frequent abbreviations, which in time grew so numerous and 
difficult to be understood, that it became necessary to write a book to teach the mode 
of reading them. 

6. Their periods were distinguished by no other i>o5nts than double or single ones, 
that is, the colon and full point ; but a little after they introduced au oblique stroke, 
thus /, which answered the purpose of our comma. 

7. i^ey used no capital letters to begin a sentence, or for proper names of men or 

places. 

8. They left blank spaces for titles and initial letters or other ornaments, in order 
to have them supplied by the illuminators, whose art, though in vogue before and 
after that time, did not long survive the improvements made by the printers in this 
branch of their art. These ornaments were exquisitely fine, and curiously variegated 
with the most beautiful colours, and even with gold and silver; the margins likewise 
were frequently charged with every variety of figures of saints, birds, boasts, monsters, 
flowers, &c., which had sometimes a relation to the contenls of the page, though often 
none at alL These embellishments wore costly, but for those who could not afford a 
great price, there were inferior ornaments, which could be done at a much cheaper rate. 

9. The name of the printer, his place of residence, &c. &c., were wholly omitted, or 
put at the end of the book, not without some pious ejaculation or doxology. 

10. The date was likewise omitted or involved in some circumstantial period, or else 
printed either at full length, or by numerical letters, and sometimes partly one way 
and partly the other, thus, one thousand OCCC and Ixxiii., &c., but always at the end 
of the book. 

11. lliere was no variety of characters, no intermixture of Roman and Italic, these 
being of later invention, but their pages were continued iu a Gothic letter of the same 
size throughont. 

12. They printed but a few copies at once, for 200 or 300 was then esteemed a large 
impressioiitbut upon encouragement from the learned, they increased their numbers in 
proportion. 

BewspaperSf #c.^The period of the English Revolution will bo ever memorable in 
^e literary hiatoiT of this country for the establishment in great part of periodic^il 
litmtuie. But wj^ish newspspen» properly so called, date from the first year of 
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the Long Parliament, the oldest that hag been discovered being a quarto pamphlet of 
a few leaves, entitled ‘ The Diurnal Occurences, or Daily Proceedings of both houses 
in this great and happy Parliament, from the 3rd November, 1640, to the 3rd of 
November, 1641. London : printed for William Cooke, and are to bo sold at his shop 
at Furnival’s Inn Gate, in Holborn, 1641.* 1669.) More than 100 papers with 

different titles appear to have been published from this time to the death of the king, 
and upwards of 80 from that date to the Eostoration. These were at first published 
weekly ; but, as the interest increased, twice or thrice a week ; and even, it would 
seem, daily, at least for a time. Such were the ‘ French Intelligences,’ the ‘ Dutch 
Spy,’ the ‘ Scots Dove,* &c. ; but ‘ Mercuries ’ of all sorts were the favourite title. 
Thus they had ‘ Mercurius Acheronticus,’ ‘ Mercurius Democritus,’ ‘ Aulicus,’ ‘ Britan- 
nicus,’ ‘ Laughing Mercury,’ and ‘ Mercurius Mastix,’ which last faithfully lashed all 
the rest. The great newspaper editors of the day were Marchmont Needham on the 
Presbyterian, and Sir John Birkenhead on the Royalist side. Those were followed by 
Sir Roger I’Estrango, who has also been ranked amongst tho patriarchs of the news- 
paper press. Pamphlets wore also issued in prodigious numbers during those troubled 
timt'S ; the average being calculated at four or five new ones every day. — Eccleston'a 
English Antiquities* 

1669 



In 1709, one daily paper, fifteen papers, three times a week, and one twice a week, 
wero published in tho metropolis. In 1724 there were three daily, six w’eekly, and 
ten three-times-a-week papers, in London ; and provincial newspapers had been 
established in various places. Tho reign of Queen Anno also witnessed a new and 
most successful species of literature — the issue of the ‘ Guard\an^’ ‘Spectator,’ 
and other such literary sheets, published at short intervals. The strong good sense 
of Cave, the printer, originated the ‘Gentleman’s Magazine,’ which completely 
established the principle that the patronage of men of letters is best confided to the 
people, and not to the great and fashionable. This publication soon had rivals to 
contend with in the ‘Monthly,’ ‘European,’ ‘London,’ and ‘Critical;’ but it has 
survived them all ; and a complete set of ‘ The Gentleman * is highly prized at tho 
present day, and is extremely amusing and valuable. 

The first newspaper published in Scotland was the ‘Caledonian Mercury,* in 1660, 
under the title of ‘ Mercurius Caledonius ; ’ but its publication was soon after inter* 
rupted. In 1760 a newspaper was, for the first time, attempted in Glasgow. 

The increase of newspapers in America has been much more rapid than in this 
country ; in consequence partly, no doubt, of the greater increase of population in 
the Union, but more probably of their freedom from taxation, and of the violence of 
party contests. According to a return published some few years back, the aggre* 
gate circulation of papers and other publications was about 5,000,000 ; and the 
entire number of copies printed annually in the United States amounted to about 
422,600,000 annually. 

Tha first newspaper published in the West Indies is said bo hate been the 
‘Barbadoes Mercury,* It was established in 1733, and died in 1862» 
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Pbacticm of PaiNTiNO. — ^The workmen principally employed in printing are of 
two kinds ; compoaitora, who aet up the types into lines and pages according to the 
HS. or copy furnished by the author ; and preasTnen^ who apply ink to the surface of 
Mioform of types, and take off the impressions upon paper. 

Compoaition. — The mode of proceecfing described hereafter is that which is pursued 
in most of the extensive establishments in London : — The first thing to bo done, 
when the sizes of page, type, and paper, are determined on, is to look over the MS., 
and see that it is correctly paged. It is then handed to a clicker ^ or foreman of a 
eompanionahipy or certain numbe : of compositors, each of whom has a taking of copy, 
or convenient portion of MS., given to him, to be set up in type. 

Typca . — ^Although most of ^o early printers wore type-founders themselves, it does 
not appear in any prologue or colophon to the books printed by Caxton that he lays 
claim to the title of type-founder. It would appear that he obtained his type, which 
is precisely of the same character as that of John Brito of Bruges, from that city, or 
from the same founders who supplied or manufactured it for John Valdener of Utrecht. 
But as the art extended the workmanship became inferior ; ‘ so that while the produc- 
tions of the first printers were executed in a very superior style, and the embellish- 
ments showed a great proficiency both in design and engraving, the productions of 
their competitors had all the crudeness and imperfection of a new invention ; and in 
the 17th centuiy it had retrograded to a very low state. At the commencement of the 
18th century, Caslon made great improvements in t3'pes ; as also, Baskerville of 
Birmingham, in 1750, both in types and printing: which were subsequently carried on 
by Bosley, Bulmer, Clowes, Corrall, Davison, McCreery, Spottiswootle, Whittingham, 
and a few others in London; by the Foulis, in Glasgow ; the Ballantynes, in Edin- 
burgh ; by Bodoni at Parma ; by Didot in Paris ; ’ and by Brockhaus in Leipzic. 

Printers’ types (from rinros, iupos, literally a blow, Iience the mark left by a blow,) are 
of great variety in size, amounting to forty or fifty : the smallest is called Bnllia7it, but 
is seldom used ; Diamond is a size larger, and Pearl larger still, which latter tjrpe is 
used for printing the smallest Bibles and Prayer-books. 

The following is a view of the comparative sizes used in printing books : — 


Diamond . 
Pearl . . 
Buby • . 
Nonpareil 
Minion 
Brevier . 
Bourgeois 


To tht art of ptiutiof it U Mksoirteilgod wt owt the Rtfornution. It hu bceo jutily ttmarktd tku 

To the art of printing it if acknowledged we owe the Reformation. It h«a been justly 
To the art of printing it is acknowledged we owe the Reformation. It has been 
To the art of printiug it is acknowledged we owe the Reformation. It has 
To the art of printing it is acknowledged we owe the Reformation. 
To the art of printing it is acknowledged we owe the Reformatio 
To the art of printing it is acknowledged we owe the Befor 


Long Primer. 


To the art of printing it is acknowledged we owe the R 


Small Pica 
Pica • • 
Bugliflh • 


To the art of printing it is acknowledged we owe 
To the art of printing it is acknowledged we 
To the art of printing it is acknowled 


Great Primer . To the art of printing it is ack 

The laiwer aiees, used for printing bills posted in the streets, or broadsides, are usually 
called Smble liea, Two4ine Pica, Two4%ne Bngliah, Five-line Pica, Ten4iiie Pica, and 
to on. A complete assortment of printing types of one size is called a fount, and the 
fount may be regulated to any weight. T^e-founders have a scale, or bUl, as it is 
called, of the proportitmal quantity ^ each letter required for a fount. The letter e, 
as will be Bern from the on the following page, is used more, and the letter g less, 
^Mnently than others. 

ueettiim indexes and similar matter, the capitals mentioned would bo con- 
^etably deficient. This would also be the case with French and Italian works, 
where accented letters are nsed in great numbers. 

. The typo itself is w thin mstallic bar, an inch in length (see,^. 1C70), which xopro* 
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sents the letter m’ a is tlie face, h the body, and c tiie nicks or notehes. Whatever 
size of typo is used, each letter must be perfectly true in its angles, otherwise the 
form could never be locked Besides letters, there aro types for 
commas, periods, quotation-marks, semicolons, and all other charac- 
ters used in printing. 

Type-niet-jil is an alloy of load and antimony, the usual propor- 
tions being one part of antimony to three of lead ; but a superior 
and harder kind is sometimes made by alloying two parts of 
lead with one of antimony and one of tin. Both of these alloys 
take a sharp impression from the mould or matrix, owing to their 
expansion on solidification, and they are hard enough to stand the 
work of the press, without being brittle or liable to fracture. 

Homan and Italic typos aro the letters most commonly used in print- 
ing books in Europe and America, and these liavo undergone every change in form 
that fancy or taste could fat-faced, or those which print black ; skeleton^ 

or those which print with a fine, uniform line; antique, or those with an almost uni- 
form thickness, but strong and heavy ; clareiidcm, a modification of antique ; expajided, 
or letters widened horizontally ; Khcvir and compressed, or tiill thin letters ; Basker- 
vll/e. a good, round, bold face ; Italic, inclining to the left, as well as to the right ; and 
all the varieties of church-text. German-text, Gothic, and Elizabethan ; old cut and old 
style ; script, &c. The scale of sizes given on p. 642, from Savage, shows the varia- 
tions in the depth of the type cast by the different founders. 
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Id Moron’s time, in 1688, it will be seen that there were only ten types with specific 
names, whereas, we have now twenty-one. i n 

The materials from which types and stereotype-plates are cast are technically called 
Tnetal^ and consist of certain proportions of load, tin, and antimony, melted together. 
Until recently, types were always cast in little moulds held in tlie hands, the melted 
metal being poured in firom a small ladle ; but now they are thrown off with great 
rapidity by machinery. The type-casting machine consists of a mould, constructed so 
as, by means of a crank, to open for the purpose of letting the ty’pe drop out, and then 
to shut together again very closely and exactl^y ; the opening and shutting being per- 
formed every time the crank is turned once round. Each time the crank revolves, and 
is brought up to the furnace-mouth (a small orifice not much larger than a }*in-holc), 
and takes a supply of metal. This metal is driven by ;i force-pump in a reservoir, 
worked by the crank, into tJie mould, and tlie type is formed. The t^ies arc then 
rubbed smooth upon stones ; set or arrauged in rows, for inspection by the drvss> r, 
who carefully examines them, and rejects those which are bad, giving the perfect ones 
the finishing touch. The most complete process is, perhaps, that of Messrs. Johnson 
and Atkinson. A double line of grooves is placed side by side. At one end is a 
reservoir of molten lead, to which the mould is brought ; a jet of metal is thrown int o 
the mould, which then opens, and deposits the type on a travelling apparatus in the 
groove. As the groove fills, it is impelled along, and in its })rogres6, the shanks are 
taken off. At the end, the position of the t^^pe is reversed by the machinery into the 
returning groove, in which it is rubbed, dressed, has tln' bottoms planed, and tlie nicks 
cut. On arriving at the exit end of the groove, it is received into a tvpc-fuunder’s 
stick, which has to be removed as it is filled, and the t v])c is then ready for ])acking. 
The great advantage in type-machines consists in the increased facility of prodnetion. 
One machine and one man in ten hours will produce 30.000 lirevier types (or 00 Iks.), 
the size used for this work, while by hand-labour only 0,000 (or 10 lbs..) could be 
cast in the same time. 

Messrs. Miller and Richards, of Edinburgh and I/jiulon, employ not less than eighty 
steam t}’pe-casting machines, equalling in production the labour of 480 men. 
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The beauty of type depends upon the delicacy with which the matrix, or mother- 
type, is formed. This mould is a short thick bar of co[)per, with the form of the lett(T 
intended to be produced stamped on one side of it ( fig. 1071). The letter of tin.* 
matrix is stamped in by means of a punch, a small piece of steel, u letter cut u}>ou 
one end, and the other end a fiat head to receive the blow of a hammer {Jig. 1672). 

The length of the body of a type is called its height to paper ; and this, unfurtiinately, 
is not uniform, tliere being a London and a Scotch heiglit, the fonner not so high as 
the latter. 
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In tbo last century, a fount of tj^pe weighing 500 Ihs. was considered a good weight ; 
but now, so much has printing increased, it is not an uncommon thing in the principal 

1671 1672 



houses in London to keep a fount of 20,000 or 30,000 lbs. in common use. The fol- 
lowing are tho names of tho types in English, Butch, French, German, and Italian ; 
but some of tho German names vary in different parts of Germany : — 

1. Diamond, the smiillevSt. 

2. Pearl. {Fr. La Parisionno or Stidanoise ; Ger. Perlc ; Ital. Occhio di Mosca.) 

3. Eulij*. 

4. Nonpareil. {Duiehy Nonpareil; Fr, La Nonpareille; Ger. Nonpareille ; ltd. 
Nompnriglia.) 

5. Emerald. 

0. Minion. {Fr. La Mignonne ; Ger. Colonel ; Ifal. Mignona.) 

7. Brevier. {Dutch, Brevier ; Fr. Le Petit Toxte ; Ger. Petit, or Jungfer ; ltd. 
Piccolo Testo.) 

8. Bourgeois. {Dutch, Bourgeois ; Fr. Lp, Gaillardo ; Ger. Bourgeois ; Ital. Ga- 
gliarda.) 

9. Long Primer. {Dutch, Garmond ; Fr. Lo Petit Ilomain ; Ger. Corpus, or Gar- 
mond ; Jtal. Garamone.) 

10. Small Pica. {Dutch, Dessendiaan; Fr. La Philosophio ; Ger. Brevier, or 
RhoinlUndor ; Ital. Filosofia.) 

11. Pica. (Bw/e/z, Mediaan ; EV. Le Cicero ; Cicero ; /^a/. Lottura.) 

12. English. Augustyn ; Fr. Le Saint-Augustin ; Ger. Mittel ; Silvio.) 

13. Great Primer. Text; i^r. Lo Gros Komain ; Gc?*. Tertia; //a/. Testo.) 

14. Itoigon. {Dutch, Paragon; Fr. Le Petit I^irangoii ; Ger. Paragon; Ital. 
Paragon e.) 

15. Double Pica. {Dutch, Dubbeldo Dessendiaan ; Fr. Le Gros Parangon ; Ger. 
Text, or Secunda ; Ital. Duo Liueo Filosofia.) 

1(>. Ihvo-line Pica. Dubbelde Mediaan ; /V. Lcs Deux Points de Cicero, 

La Pale.stine; Ger. Doppolcicero.) 

17. Two-line English. Dubbeldo Augustyn; Fr. Le Petit Canon; Ger. 

Doppelmittel ; Ital. Canoncino.) 

18. Two-lino Great Primer. {Dutch, Kanon ; Fr. Les Deux Points de Gros 
Eomain ; Ger. Kleine Canon ; Ital. Grosso Testo.) 

19. Two-liiie Double Pica. {Dutch, Groote Kanon ; Fr. Le Trismegiste ; Ger. Grobe 
Canon.) 

20. Trafalgar. 

21. Canon. {Dutch, Parys Romeyii ; Fr. Le Gros Canon; Ger. Kleine Missal; 
Ital. Canone.) 

In 1457 cast types wore invented by Peter Sclioeffer ; in 1800, the lever, or Ameri- 
can mould, was introduced ; in 1823, Henri Didot’s polymatype, still successfully used 
in Franco, W'as worked in London by Pouchee, but failed through tho opposition of tho 
associated type-founders; in 1853, Mr. Johnson patented his machine for casting typo 
mechanically without variation of body ; and in the year following, he perfected his 
process for making hard metal typo by substituting tin for lead, entirely or partially, 
in the ordinary compounds. 

The types are arranged, each sort by itself, in two cases, — an upper and a lower,— in 
little cells or boxes. The upper case, having ninety-eight boxes, contains the capital 
and small capital letters, figures, accents, and other types not used so frequently as the 
smaller letters ; and in the lower ease, having fifty-four boxes, are disposed the small 
letters, together with the points, spaces, quadrats, &c. The boxes in the cases aro 
arninged in the Lest possible manner for facilitating the work of the compositor, and 
enabling him to pick up the types rapidly, — the letters most frequently used being 
placed nearest to his hand. 

In settiug up, or compo»mg^ the compositor stands opposite to his cases ; and, having 
received directions respecting the size of tho type, the width of the page, the author’s 
wishes as to punctuation, capitals, italics, &c., places his copy or MS. before him, on 
a spare part of tdie upper case, and holds in his left hand a small instrument called 
a composing stick, usually made of iron, with a moveable slide, capable, by means of a 
screw, of being adjusted to the different widths required in miscellaneous printing, as 
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Pair of Cases according to the Modern Method, 
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Been in the illustration (fig, 1673). With the right hand he picks up tho types, and 
arranges them one by one in his composing stick. He does not look at the face, but 
only glances at the nick (fig, 1670, c), and takes it for granted that if it come from the 
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right box it must be the right letter. He secures each letter with the thumb of 
the left hand, as the types are placed side by side in line from left to right ; and, 
when he comes to the end of his line, and finds that he has a syllable or' word 
which will not fill out the measure, he has to perform a task which requires con- 
siderable ears and taste. This is caXled justification. The first and last letters must 
be at the extremities of the line ; and there must not be wide spaces between some 
words and crowding in others, but the distances between them must be made as 
nearly as possible uniform by changing the spaces (or short blank types, not so high 
as the letters, and therefore giving no impression), and thus getting in or driving out 
part or the whole of a word. The first line being thus j ustified, the compositor proceeds 
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with the setting-up of the next, and so on with a sufficient number of lines to fill his 
stick, and then lifts the handful^ or mass of t3rpes, out of the stick, and places them 
upon a gcdle^y or oblong tray of wood or metal, having an edge to the left side and 
top half an inch in height. This operation of filling and emptying the stick is 
repeated till the galley is sufficiently full, or the taking of copy is finished ; when the 
'matter, as it is then called, is taken away by the clicker, 
who divides it into the required lengths of pages, placing 
head-linos, signatures, &c., and binding them round 
tightly with cord. The clicker then lays dovm the pages 
in their proper positions on the im'posi'ng stone^ — a flat, 
smooth slab of stone, or, better, of iron. The ckase^ a 
frame of iron, divided into compartments like the sashes 
of a w'indow', is put round the pigos, and the form dressed 
thus : a set of furniture^ consisting of slips of wood or metal, 
about half an inch in height, and of various thicknesses, 
is placed, some at the head, called head-sticks, some 
between the pages, called gutters, and others at the sides 
and feet, called side- and foot-sticks. The side- and foot- 
sticks are larger at one end than at the other, so that 
small wedges of wood, or quoins, may be driven tightly 
between them and the sides of the chase, locking up the 
types so firmly, that tho/orm, as the mass is called {fig. 

Id?!), may bo carried from pbice to place with perfect safety. A form of eight 
pages of this Dictionary contains between 40,000 and 50,000 separate letters and 
spaces. 

The sizes of books arc reckoned by the number of leaves into which a sheet of 
paper is folded. Thus the largest mzoiBhroadsidc, or the whole size of the sheet ; 
folio, or half the sheet ; quarto, or a sheet folded into four leaves ; octavo, or the sheet 
folded into eight leaves ; duodvehno, or the sheet folded into twelve leaves ; and so on. 
In imposing, the pages are of course laid down in positions the reverse of those they 
will take wdien printed. The following Tables show the mode of imposing some of 
the most common sizes. 

When the process of imposing is completed, the form is carried to a press, and an 
impression is taken, called first proof , This proof, with the MS., is handed to the 
corrector of the press, or reader, and a reading hoy reads the copy to him while ho 
examines the proof and marks the necessary corrections and errors of the compositor. 
In correcting a proof-sheet a sot of symbols are used for the purpose of calling the 
attention of the compositor to the several kinds of errors, and to direct him how they 


Sheet of Quahto. 

OxiUr Form. Inner Form. 
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Sheet of Octavo. 

Outer Form. Inner Form. 
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Sheet of Twelves. 


Ottier Form. 



Sheet of Sixtlf.ns. 

Oliver Form. hivcr Form. 



Sheet of Thirty-twos. 
Outer Form. 



(The Inner Form is the reverse of this.) 

are to be amended. These marks are best shown by the following specimen of a 
correc^ proof from Brande’s * Dictionai3%* the explanation of eiieh mark beinij 
giTen ia the left-hand column ; — 
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1. Where a word is to he changed from small let- 
ters to capitals, draw three lines imder it, and write 
caps, in the margin . 

2, Where there is a wrong letter, draw the pen through 
that letter, and make the right one opposite m the 
margin. 

.' 1 . A letter turned upside down. 

4. The substitution of a comma for another point, or for 
a letter put in by mistake. 

!}. The insertion of a hyphen. 

f). To draw the letters of a word close together. 

7. To take away a superfluous letter or word the pen is 
struck through it , and a round top d made opposite, being 
the contraction of delentur, to expunge. 

8. Where a word has to be changed to Italic draw aline 
under it, and write ItnLm the margin; and where a word 
lias to be changed iVom Italic to Roman, write Jiom. 
opposite. 

9. When words are to he transposed three ways of mark- 
Ing them are shown; but they are not usually numbered 
except more tlian three words have their order changed. 

K). The transposition of letters in a word. 

11. To change one word for another. 

12. The substitution of e period or a colon for any other 
point. It is customary to encircle these two points with a 
line. 

13. The substitution of n capital for a small letter, 

U. The insertion of a word, or a letter. 

l.'i. W'licn a paragraph commences where it is not in- 
toiifled, connect the matter by a line, and write in the 
margin opiHwite run on. 

16. Where a spniT or a quadrat stands up and appears, 
draw a line under it, and make a strong i)crpendicular 
line in the margin, 

17. \Vhen alctter ofa different size from that used, or of 
a different fore, apin'ors in a w<»rd, draw a line cither 
tlirough it or under it, and write opimsitc ir/.,for ‘wrong 
fount.’ 

18. The marks for a paragraph, when its commence- 
ment lias lH!cn omitted. 

in. When one or more w’ords have been struck out, and 
it is suliH‘(iuently decided (hat tlieysliall remahi,makc 
dots under tlicin, and write the word strt in tiie margin. 

20. Tlie mark for a sjmcc where it has Ih;cu omitted be- 
tween two Words. 

21. Tm eiiauge a word from small letters to small capi- 
tals make two lines tnider the word, and write sw. caps. 
o|)positc. To change a word from small capitals tosmiill 
Icitcrs make one line under the word, and write in the 
margin 1 <>. ca. I'or ‘ lower cu.se.' 

2*.'. Tlic mark for tlic a|SKtrophe ; and also tl»c marks 
for turned comnm.s, w hich designate extracts. 

23. Tlic manner of marking an omission, or an insertion, 
wlien it is too long to he w'ritten in the si<lc margin. 
When this wcurs it may be written either at the toi» or 
tlie iHitiuiii of tlie page. 

21. Marks when lines or words are not straight. 

The subjoined six'cimcn, when corrected, would lie a.s 
follows 

ANTIQUITY, like every other qimlity 
tlijit .'ittniets liic notice of mankind, has un- 
doubtedly Yotarie.'s th.'it rrvcrence it, not from 
reason, but from prejudice. iSome seem to 
admire indiscrimiiiately Avliatever has been 
long preserved, without considering that 
time has soiuct lines co-operatod with chance ; 
all porhaj's are more willing to honour past 
tlian ]i resent excellence ; and the mind con- 
templates genius through the shades of age, 
as the eye surveys the sun through artificial 
opacity. The. great contention of criticism 
i.s to find the faults of the moderns, 'and the 
beauties of the ancients. AVhile an author 
is yet living, we estimate his powers’by his 
worst performances ; and when he is dead, 
we rate them liy his best. 

To works, however of which the excel- 
loiico is iiotal'solute and definite, but gradual 
and comparative ; to works, not raised upon 
principles demonstrative and scientific, but 
appealing wholly to oh.se vation and expori- 
ent^ no other test can be applied than length 
of duration and continuance of esteem. 
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When the reader has read his proof, it is liaucled to tho compositor, who unlocks 
the form, and makes the corrections in the typos, bj lifting out the wrong letters by 
means of a sharp awl or hodkm, and putting in right ones in their places. The form 
is then locked up again, taken to the press, and another proof is pulled. This is 
termed the revtss, and is sent to the reader, with his first proof, that he may see that 
all the corrections have been properly made, put queries against doubtful matters for 
the author’s consideration, and send it, thenceforth called a cle^n proof, with tho MS., 
to tho author. When the author returns his proof and revise, and is satisfied that 
the sheet is correct, the form, after having been finally read with care for press, is 
taken to the press or machine to have the requisite number of impressions struck off 
Before this is done, however, care is taken that the matter at the beginning of 
sheet connects with that at the end of the preceding, that the pages are correct, and 
that the ‘ signatures ’ are in order. The signatures are generally small capital letters, 
placed at the foot of the first page of each sheet, commencing with n, and omitting 
the J, v, and vr. They are said to have l»eon first used by John Koelhof, at Cologne, 
in 1472 ; but they exist in an edition of * Terence,’ printed by Antonio Zorac, at 
Milan, in 1470. There is a Venetian edition of'Baldi Lectnra super Codic,’ &c., 
printed by John de Colonia and Jo. Manthen do Ghorretzem, in 1474, in w'hich it is 
evident that these printers had only just become acquainted with the use of signatures, 
as these marks were not introduced till one-half of the W'ork had ]>een printed, TIk' 
foUow'ing Tables show the signatures and folios of any given number of sheets in 8vo, 
12mo, and 18mo. 

The paper used in printing is always damped before being sent to llje ])ress, wet 
paper taking the ink considerably better tlian dry. Tho warehouseman delivers the 
proper quantity of paper to the weLter, which is wetted tlius : ^ The quire of pajier 
IS opened, its back broken, and divided into three, four, or five ]X)rtioi]s, or dips. 
drawn through a trough of derm water and laid on a ]x)aril, dip after dip, till a con- 
venient heap is made. This is put into a screw press, a little pressure applied, and 
the next day the whole is turned and slightly pressed again, so that fresh surfaces of 
the paper coming into contact, the moisture is equally diffused throughout tho heap. 
The paper used in printing is of three kinds : imperfect paper, consisting of 20 quires 
of 24 sheets, or 480 sheets to the ream ; perfect paper (that most generally used) con- 
sisting of 21^ quires, or 516 sheets; eiVid. news paper, consisting of 20 quires of 25 sheets 
each to the ream, or 500 sheets. The stamped sheets of newspaper (generally called 
stamps, and the plain paper blanks) are always received and delivcrod by the nett 
number without allowing for spoilage in the pre.ss*work ; but in book-work it i.s t he 
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practice to allow 16 sheeta in each ream for ‘ tyiupan-sheot * and spoiled sheets. Tlio 
following Table shows the quantity of perfect and imperfect paper required for one 
sheet of 16 pages of a work Hke * lire’s Dictionair,’ froni 12 to hr, 000 copies 
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Press-work . — The pressman hrst lay> the iniitr form on the press, and prints one 
copy, which is called a ;iore.v.‘f re/vAf ; this he takes to the person appointed to revise 
it, and while that is being done proceeds to secure tlie form on the table of tli< jn’.» 
by means of quoins ; to place his tviupan-shef!t ; to fix tlie ]ioints which imakc small 
holes in the paper that enable him to cause the pages to lalJ precisely on tlie haek of 
each other when the second side of the paper is printed, and to produce an i vtn nnd 
uniform impression in all the pages. He then euts liis friskot, wliich jiresencs the 
margin of the paper clean, and, when the revise is corrected, prrKmecls to ink tln^ 
surface of the types by means of rollers. AVhen the whole impn-ssitm ot one side of 
the pa|>er is printed, he lifts the form off the press, -washes tlie ink off the- faee of tlm 
type with lye, and rinses it with water. He then proceeds in a similar manner with 
the outer form, which completes the sheet. This process is continued sheet after sheet 
till the work is complete. 

When the sheet is printed the compositor lays it up, distributes the type, and 
proceeds, sheet after sheet, till the body of the work is finished ; then the title, 
dedication, preface, introduction, contents, index, and any otln r prefatory matti r is pro- 
ceed^ with, these being always printed the last. This distribution of the types, or 
putting back the letters into the several compartments of the case wher(» lliey belong, 
IS performed with the greatest rapidity. The compositfjr Mcts the -wlmle. pige or 
form, and takes up a number of lines on his composing rule. This wetting causes the 
types to adhere slightly together, and renders the manipulation easy. He then 
tokfli up a few words between his right-hand finger and thunib, and by a dexterous 
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mot ion lio throws off the several letters into their various boxes. Distribution is 
performed four times faster than composition. 

After the sheets have been printed on both sides, the warehouseman takes them 
away, and hangs them up on poles to dry, varying the number of sheets hung up 
together from five or six to ten or eleven, according to the heat of the room, or the 
pressure of business. When dry the sheets are taken down from the poles, carefully 
knocked up and put away in the warehouse in piles ; and when the book is nearly 
finished from ten to fourteen consecutive sheets are laid upon the gathering-board 
in order, and collected sheet by sheet by boys, who deposit each gathering in a 
lieap at the end of the table, so constructed that when a boy has deposited his 
gathering he Jjas only to turn himself and begin again. These gatherings are then 
carefully collated, to ascertain that the different sheets are correct and in order, and 
folded up the middle. When the work is finished the gatherings are put together, or 
in books, one of each, which forms a copy of the work, and pressed. The work is now 
completed, and awaits the order of the bookseller, &c., to deliver the copies to the 
bookbinder. 

Print big in Colours. — In many of the old printed books, the initial letters, and 
occasionally other parts, were printed in red. This w’as done by two workings at 
press, and was an imitation of the earlier fashion of illuminating MSS. The practice 
is still followed in some almanacs, the saints’ days and holidays i)eing ‘red-letter days.’ 
Some ingenious contrivances have been devised for working in various colours ; and 
a few years since a curious book was WTitten and published on the subject by 
Mr. Savage*. Still more recently, printing in gold and other metals has been practised. 
I’liis is done by printing with a sort of size, and afterwards applying the metal-leaf, 
lint the specimens of printing in colours produced by Mr. Kronheim are really 
Itcautiful as works of art. The copy picture is made in colours, and the blocks for 
printing each colour and shade are cut in relief on ‘ surface metiil’ plates, consisting 
of perfectly smooth plates of type-metal. These plates are then printed by the 
ordinary method, great care, however, being taken that each colour falls in its right 
phu't*. 

'J'ho following is the mode of printing two or nion* ‘ rainbow tint.s ’ at the same 
time: — Take the cut, ink it well and rather full,. with black ink, and get a perfect 
impression on pap(;r not very damp ; then lay the face of the pirintcd paper carefully 
on the surface of the block prepared for engraving the whites on the tinted ground, 
and gi\ t' it a good soft pull. This will transfer to the tint block a facsimile of the 
wood-otiLTraving itself, 'fliis block is then liandcd over to the engraver, who cuts 
out the whites for th(J clouds, shadows, water, &c., according to his taste, and with a 
view to effect. The tint-block is printed first, and then the black block is put to 
press, and the. pressman must bo careful in distributing his different inks to make them 
fade away and blend at the given ]>oints. This is an easy matter after a little practice. 

Laics affecting the. Press. the law's relating to the press, see 39 Geo. III. e. 79, 

amended by 51 Geo. HI. c. 65, and 2 & 3 Viet. c. 12. There is no censorship over 
the press ; which is, howevtT, amenable to the remedy of an injured party, or to the 
correction of criminal justice {^Wharton.'i Law Lex. 2nd ed. 1860). — K. J. C 

PSXVTXSrG BXibcKS— SMCTRO. Two patents taken out by Mr. H. G. 
Gollins are likely to prove of essential service to Uio publishing world. By the one 
lie is enabled to take on \'iih'anised caoutchouc, prepared with an equally elastic 
surface, an impression in transfer from any steel- or copper-plate, wood-block, 
st(*reotype. lithographic-stone, or, in hict, from an origin^ ilrawing, if done in 
transfer-ink or transfer-paper, and increase or reduce the same to any required size. 
This is effected by expanding the india-rubber in one case, after it has received the 
impression ; and in the oiher, before the impression is made. In the first instance, 
the impression is enlarged as the elastic material expands ; in the other it is reduced 
by allowing the already cx])aiid{Hl iiulia-rubber to contract in its frame: then laying 
the expanded or contracted copy dow’ii upon stone, and treating it after the usual 
manner of lithogra|>hy. 'I'his presents a va.st field for adapting the plates of any work 
id' ackiiowledgeil merit wdiich may have cost some hundreds or thousands of pounds, 
am I years to prinluce. to the wants of the public in these days of cheap and well- 
illustrated literature, by bringing out the same works in a reduced size, which, but 
for this jdan, no publisher would think of attempting. Many plates also, such as 
portraits, public buildings, or landscapos, may be enlarged and issued separately. 
Thi.s last ajiplication is ]»articiilarly suitable for maps, as any one, from the size of a 
school alias, may be taken and made to servo for large wall-maps without the cost 
of engraving tlie same. The rapidity with which this alteration of size can be ac- 
complished is not among the least of its recommendations ; for an engraving that 
would bike several montlis in the ordinary mode may be completed in from two to 
three days. Two remarkable instances of the excellent reductions obtainable by tliis 



652 


PRINTIKG INK 


process are given in the square 16rao. editions of Moore’s ‘ Melodies’ and Macaulay’s 
* Lays of Ancient Rome,’ puLlished by Messrs. Longman & Co. 

T]^ patent offers the same facilities to a vast number of the manufactures of the 
country, such as the lace trade, cotton printers, damask and moreen houses, potteries, 
paper-hangings ; in fact, to all or every one who employ art or design in their calling. 
It will be well to observe that the size can not only be enlarged or diminished, as the 
case may be, but the pattern can be altered in form ; thus a circular design can be 
made into an oval, if required. Mr. Collins, by his second patent, is enabled, after 
these impressions are once upon the stone, to make them into electro-blocks, thus 
reducing also the cost of printing engraved plates, which is effected in the follow- 
ing manner: — The impression being placed on the liihographic-stone or the zinc- 
plate— either one or the other can be einployod— acid is applied to abrasc to a 
certain extent the stone or metal over the unprotected portions : when this is 
sufficiently deep a mould is taken in wax, the surfaco of which being prepared is 
subjected to the electrotj’po process, and thus ;i copper-block is obtained. Si'O 
Photozincography. 

IP&ZlfTZVO ZiOTK. {Encrc d'imjm/nrrir, I’r. ; BuchdrvcJi'crfarhc. Ger.') After 
reviewing the different prescriptions given by Moxon. Ihvton. Papillon, Lewis, those 
in Nicholson’s and the Messrs. Aikiiis’ Dictionaries, in Rees's CyclopaRdiii, and in the 
French Printer’s Manual, Mr. Savage’ s.iys. that the Enci/clop(pdia Brifavnlca is the 
only work, to his knowledge, which lias given a recipe by M'liich a printing ink might 
be made that could be used, though it would be of inferior quality, as acknowledged 
by the editor: for it specifies neither the qualitie.< of tlie materials, nor their due pro- 
portions. The fine black ink made by Mr. Savage has. he informs us, bei'n pronounced 
by some of our first printers to be unrivalled, .and lias procured for liim the large 
medal from the Society for the Encouragement of Arts. 

1. jA77seed‘Oil . — Air. Savage says thatthe linseed-oil. however long boiled, unle^is set 
fire to, cannot be brought into a proper state for forniiiig }>ri!iting ink : and that the 
fiame may be most readily extinguished 1)V the a})plieation ol a pretty tight tin cover 
to the top of the boiler, winch should never be more than lialf full. The French 
prefer nut-oil to linseed ; but if ihe latter be old. it is fully as good, and much cheaper, 
in this country at least. 

2. Black rosm is an important article in the composition of good ink ; as by melting 
it in the oil, when that ingredient is sufficiently boiled .and Imrnt, the tM'o combine, 
and form a compound approximating to .a natural balsam, like that ol ( aiiada. 

3. This is a most iniportiint ingredient, in ]>rinter s ink. wljieli is not ( ven 
mention^ in any of the recipes j.Tior to tliat in the Kvci/clop(pdia Britarnika. For 
want of soap, ink accumulates upon the face of tin tyj>es, so as conjjdelelv to clog 
them up after compamtively few impre.ssions have been taken; it M’ill not wash off 
without alkaline lyes, and it skins over very soon in the pot. Yellow rosin-soa]i is 
the best for black inks ; for those of light and delicate sljacles, wliiu* cui\I-.soa}) is pre- 
ferable. Too much soap is apt to render t!ie impression irregular, and to prevent the 
ink from diying quickly. The proper proportion has been hit when the ink works 
clean, without clogging the surface ol the tyj*es. 

4. Lamp-black. — The vegetable ]am}»-black sold in firkins t.akes by far the iii<v t 
varnish, and answers for making the l>e.st ink. .See Rlack. 

6. Iwry-black is too heavy to be used alone as a pigment, fur ])riijting ink ; but it 
may be added witli advantage by grinding a little of it nj.on a nmller witli tlic honi)- 
black, for certain purposes; for instiinee, if an engraving on Mcxxi is required tu ho 
printi^ so as to produce the best possible effect. See IvoiiY-llLACK. 

6. Indigo fiiom, or with an equal weiglit of Prussian blue, added in .small pn ))»(,]■. 
tion, takes off the brown tone of certain lamp-black inks. Mr. ISavagc; reeommemls 
a little Indian red to be ground in with the indigo and Prussian blue, t(» give a rich 
tone to the black ink. 

7. Balsam ofeopadha^ mixed, by a stone and a muller with a due pro]>ortion of soap 
and pigment, forms an extemporaneous ink, which the printer jiiay cnijdoy very 
advantageously when he wishes to execute a job in a peculiarly ne.'it mannei*. 

After the smoke begins to rise from the boiling oil, a bit of burning }.aper stuck in 
the cleft end of a long stick should be applied to the surface, to set it on fire, as soon 
ns the vapour will bum ; and the flame should be allowed to continue Ghe i»ot being 
meanwhile removed from over the fire, ortho fire taken from under the j)ut) till a 
sample of the varnish, cooled upon a pallet-knife, draws out the strings r>f about liall 
an inch long between the fingers. To 6 quarts of linseed-oil thus treated, 6 pounds 
of rosin should be gradually added, as soon as the froth of the ebullition lias 
subsided. Whenever the rosin is dissolved, one pound and three quarters of dry 

* In bis work on the Piepaiatlon of Printing Ink ; 8to., Loudon, 
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brown soap, of tho best quality, cut into slices, is to be introduced cautiously, for its 
water of combination causes a violent intumescence. Both the rosin and soap should 
be well stirred with a spatula. The pot is to be now set upon the fire again, in order 
to complete the combinations of all the constituents. 

^ut next of well-ground indigo and Prussian blue, each 2i ounces, into an earthen 
pan, sufficiently large to hold all the ink, along with 4 pounds of the best mineral 
lamp-black, and 3^ pounds of good vegetfiblo lamp-black ; then add the warm varnish 
liy slow degrees, carefully stirring, to produce the perfect incorporation of all the 
ingredients. I’kis mixture is next to bo subjected to a mill, or slab and muller, till 
it be levigated into a smooth, uniform paste. 

One pound of a superfine printing ink may bo made by the following recipe of Mr. 
Salvage ; — Balsam of copaiba, 9 oz. ; lamp-black, 3 oz. ; indigo and Prussian blue 
together, p. aeq. l:Joz. ; Indian red, J oz. ; turpentine (yellow) soap, dry, 3 oz. This 
mixturo is to be ground upon a slab, w'ith n. muller, to an impalpable smoothness. 
The pigments used for colouring printing inks are; carmine, lakes, vermilion, red 
lead, Iifilian red, Venetian red, chrome yellow', chrome red or orange, burnt terra di 
Sinma, gall-stone, jioman oclirc, yellow ochre, verdigris, blues and yellows mixed 
for greens, indigo, Prussian blue, Antwerp blue, umber, sepia, &c. 

P&XnrTZK'O MACBZiriS. {Typographic ‘nihaniquc, Fr. ; DrucJcmamchine, Ger.) 
No improvement had been introduced in theso important machines, from the in- 
vention of the art of printing, till the year 1798, a period of nearly 3*)0 years. In 
Dr. Dibdin’s interesting account of printing, in tlie Bibliographical Decameron^ may 
bo seen represt-ntatiuns of tlio early printing presses, which exactly re.senil)le the 
wooden j)resses in nso a few years back. 

J'or the first essential modification of the old press, the w'orld is indebted to the 
late Earl jStanliopo. Ilis press is f()rm(3d of iron, without any wood ; tho table upon 
wliich tho form of tyf)es is laid, as well as tho platen or surface which immediately 
{j[ives tho impression, is of cast iron, made perfectly lovd; tho platen being largo 
enough to print a whole sheet at one pull. The compression is applied by a beauti^l 
combination of lovers, wliich give motion to the screw, cause tho platen to descend 
With progressively ijicreasing ibreo till it reaclu'S the type, when the power approaches 
the maximum ; upon tho infinite lover principle, the pow'or being applied to straighten 
an obtiisc-angle jointed lever. This press, however, like all its flat-faced predecessors, 
iloes not act by a continuous, but a rijciprocating motion ; nor does it much exceed 
the old presses in pnidiiet iveno.ss, since it can turn off only 2o0 impressions per hour; 
hut it is capable of pi'oducing much finer j»rcHs-w'ork than any steam- or hand-machine 
yci invontcil, for this reasoii : the best work require.s the best ink. which is stiff, and 
requires a longer time in distril>uting over and beating into tho form of typos than 
the thin, oily, and consi-quently browmer ink required by tho rapidly moving machine. 
It is a remarkable f;ict that the Penny JSlaga::ine wais printeil at tho hand-press, 
altliough tho editor assured his retiders that the eyliiulrieal form of machine was 
capable of printing the fino.st impressions from woodcuts. Tho machine, however, 
lias the advantage of uniformity of colour in inking throughout a whole impression. 
The iron platen of tho Stanhopo press was supposed at one time to wear out types 
much sooner than tho old wooden one, but experience does not w'arrant us in support- 
i ng this statt'mont, 

Tho lirst pt'rsuii who publicly projected a self-acting printing press was Mr. 
V’illium Nicholson, the able editor of tho Philosophical Journal, W'ho obtained a 
})att‘nt in 1790 ; 1, for imposing types upon a cylindrical surface (see 1073); 
2. for applying the ink Ujum the surface of the types, &c., by causing the surface 
of a cyliiidor smeared w ith the colouring-matter to roll over them ; or else causing 
the types to apply themselves to tho cylinder. For the purpose of spreading the 
ink i^venly over this cylinder, he jirtiposed to apply three or more distributing rollers 
longitudinally against the inking-cylinder, so that they might be turned by the motion 
of th(^ latter. 3. *I perform,' ho says, "all my impressions by the action of a cylinder 
or cylindrieal surtace ; that is. 1 cause the paper to pass between tw'o cylinder.*?, one 
of Mhich has the form of types attached to it, and forming part of its surface; and 
the other is faced with clcLh, .and serves to press iho paper so as to take off an 
impression of the colour previously applied ; or otherwise I cause the form of type.s, 
previously coloured, to |.)uss in close and successive contact with the paper wrapped 
round a cylinder with woollen.’ See ./a/*'- 1675 and 1676.* 

The first operative prinliiig machine was undoubtedly contrived by, and constructed 
under the direction of, M. Kdnig, a clock-maker from Saxony, who, so early as the 
year 1804, was occupied in improving printing presses. Having failed to interest the 

’ The bla<*k purls in tlicse little (iiagrums, 167r>, 1676, Indicate the inking apparatus ; the diagonal 
lines, the cylinders ui>on which the pa})cr to be printed is applied ; the |K;riH?ndicular lines, the ^ates 
or tjiHJH ; nml the arrows show the track pursued by tho sheet of iwper. 
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ConliQental printers in his views, he came to Loudou soon after that period, and sub- 
mitted his plans to Mr. T. ^nsley and Mr. G. Woodfall, well-known printers, and 

to Mr. R. Taylor, late one of the editors of 
the ‘Philosophical Mapizine.’ 

These gentlemen afforded Mr. Kdnig, 
and his assistant Bauer, a Gorman me- 
chanic, liberal pecnniary support. In 1811, 
he obtained a patent for a method of work- 
ing a common hand-press by steam-power, 
and o.OOO copies of signature H of the 
‘ New Annual Register ' Mere printed by it ; 
but, after much expense and labour, ho M'as 
glad to renounce the scliemo. He then 
turned his mind to the ii.se of a eylindor 
for eoraraimicating the pressure, instead of 
a flat plate ; and he finally sucooeded, sometime before November 28. 1814, in com- 
pleting his printing automaton ; for on that day the editors of the ‘ Times ’ informed 
their readers that thej^ were perusing for the first time a iieM'spaper printed by steam- 
impelled machineiy ; it is a da}’, therefore, which will be ever memorable in the 
annals of typography. 

In that machine the form of type Mas made to traverse horizontally under the 
pressure-cylinder, with M'hich tlie sheet of paper M'as held in close embrace; by moans 
of a series of endless tapes. The ink M'as placed in a cylindrical box. from M'hich it 
was extruded by means of a powerful scroM’, depressing a M'clI-fifted piston ; it tlien 
fell between two iron rollers, and was by their rotation transferred to s(*vcral other 
subjacent rollers, which had not only a motion round their axes, but an alternating 
traverse motion (endwiseV This system of t*qualising rollers lerniinatiHl in tM'o. M'hich 
applied the ink to the types. (Saejig. 1677 ) This plan of inking endcntly involved 
a rather complex mechanism, was hence ^litlicull to manage, and sometimes required 
two hours to get into good M orking trim. 

In order to obtain a great many impressions rapidly from tlu* same form, a jmper- 
conducting cylinder (one embraced by the papers M'as mounted upon each sid(; of the 
inking apparatus, the form being made to traverse under both of them. This donbh;- 
action machine threw oft' 1,100 impre.ssioiis per hour when first finished: and by a 
subsequent improvement, no less than 1,800 



Nicholson’s, for Nicholson 's, for 

ardied type. common type. 



Mr. Kdnig’s next feat was the construction of a machine for printing both sides of 
the newspaper at each complete traverse of the forms. This resem])led Im'o singb 
machines, placed with their cylinders toMards each oth(;r. at a distance of tMo or three 
feet; the eiieet was conveyed from one paper-cylinder to anoilier, as befon . oy meams 
of tapes ; the track of the sheet exactly resembled the letter S laid ln)rizontuljy, thus, 
m ; and the sheet was turned over or reversed in the course of its passage. At the 
first paper-cylinder it received the impression from the first form, and at the second 
loceived it from the second form ; whereby the machine could ja’int 7r>0 sheets ol book 
letter-press on both sides in an Itour. This new register aj)f»ariiius m'hs erecU^d tor 
Mr. T. Bensley, in the year 1815, i>eing tho only machine 
made by Mr. Konigfor printing upon both .sides. .See Ji(/. 1678. 

Messrs. Donkin and Bacon had for some years pre^dons to 
this date been busily engaged Mdtli printing machim-s, and had 
indeed, in 1813, obtain^ a patent for an apparatus, in which 
the types were placed upon the sides of a revolving prism ; the 
ink was applied by a roller, M'hich rose and fell with the ect;en- 
tricities of the prismatic surfm-o, and the sheet Mas Mrjipptjd 
u^n another prism fashioned so as to e^oincido with the eccen- 
tricities of the type-prism. One such machine m’us erected for 
the University of Cambridge. (Seey^. 167^ ) It m'jis a beau- 
specimen of ingenious contrivance and good workmanship. Though it was found 
to be too complicated for common operatives, and defective » the mechanism of the 
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inking process, yet it oxliibited for the first time the elastic inking-rollers, composed 
of glue combined with treacle, which alone constitute one of the finest inventions of 
modern typography. 

In the year 1815, Cowper turned his mind to the subject of printing machines, 
and in co-operation with his partner, Mr. Applegath, carried them to an unlooked-for 
degree of perfection. In 1816, Mr. Cowper obtiiinod a patent for curving stereotype- 
plates, for the purpose of fixing them on a cylinder. Several machines so mounted, 
capajile of printing 1,000 sheets per hour upon both sides, are at work at the present 
day. ( See 1()80 and 1681.) In those machines, Mr. Cowper places two paper- 

cylinders side by side, and against each of them a cylinder for holding the plates ; 
each of these four cylinders is about two feet in diameter. Upon the surface of the 
stereotype-plate cylinder, four or five inking-rollers of about three inche-s in diameter 
are placed ; they are kept in their position by a frame at each end of the said cylinder, 
and the axles of the rollers rest, in vertical slots of the frame, whereby having perfect 
freedom of nifition. they act by their gravity alone, and rt^quire no adjustment. 



Covrper’s single, for curved .stereotype. Cowixir .s double, for both sides of the sheet. 


The frame which supports the iuking-rollors. culled the waving-frame. is attached 
by hinges to the general framework of the machine ; the edge of the stereotype-plate 
cylinder is indented, and rubs against the waving-frame, causing it to vibrate to 
and fro, and consequently to cariy' the inking-rolhirs with it, so as to give them an 
unceasing traverse movement. These rollers distribute the ink over three-fourths 
of the surface of the cylinder, the other quarter being occupied by the curved 
ster(‘otyjH'-plHtes. The ink is contained in a trough, which stands parallel to the said 
cylinder, and is formed by a metal roller rovoUnng sigainst the edge of a plate of 
iron ; in its revolution it gets covered with a thin film of ink, which is conveyed to 
the plate-cylinder by a distributing roller vibrating between both. The ink is 
(litfused ufKin the plate-cyli rider, as before de.soribed ; the plates in passing under the 
inking rollers Iworno charged with the coloured vai’uish ; and as the cylinder 
continues to revolve, the plates come into conUiet with a sheet of paper on the first 
paper-cylinder, which is then carried by moans of tapes to the second piper-cylinder, 
where it rweives an impression upon its opposite side from the plates upon the second 
cylinder. Thus the printing of the sheet is completed. 

In order to adajit thi.s nieiliod of inking to a fiat type-form machine, it was merely 
roquisit^i to do the same thing upon an extended flat surfiice or table, which had 
been performed upon an extended eylimlrical surface. Accordiugly, Messrs. Cowper 
nnd Applegath constructed a machine for printing both sides of the sheet from type, 
including tlie inking apparatus, and the mode of conveying the sheet from tho one 
]>ap*r-(*y Under to the other, by means of drums and tapes. It is highly ereditallo to 
the scientific judgment of these patentees, that in new-modollingtht printing machine, 
they disjieiised whh forty wheels, which existed in Mr. Konig's a}*p:iratus when Mr. 
Jh'iihley requested them to apply their improvements to it. 

The di.stinctivo advantages of these machines, and w’hich have not hitherto V.een 


equalled, are the uniform di.stril>ution of the ink, the equality as well as delicacy with 
whicli it is laid uj.Hm the types, the diminution in its exfienditure, amounting to one 
half u])on a given quantity C)f letter-press, and the fm-ility with ]g 82 

which the whole mechanism is managed. The haral inking-rijller 
and distributing'tiiMe, now so common in every printing- office in 
KurojH! and America, i.s the invention of Mr. Uowj)er, and was 
specified in his pateut. Tiie vast superiority <jf the inking app.i- 
ratus in his machines over the balls used of old, induced him to 
apply it forthwith to tlie common press, ami most successfully. 

See/ny. 16 H 2 . 

To construct a j)rinting machine w’hich shall throw off two sides 
fit a time with exact register, tiiat is, with tlie second side placed 
j'reeisi ly upon the back of the first, is a very difficult problem, W'hich 
was j trfU'tically sol veil l>y M essrs. Applegatli and Cowper. It is 
comparatively easy to make a machine whicii siiall print the one 
side of a slicet of }«i])er first, and then tlie other side, by the re- 
moval of one form, ami the introduction of another ; and thus far did Mr. Konig ad- 
vance. A correct register requires tiie sheet, after it has received ite first impression 
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ftom one cylinder, to travel round the peripheries of the cylinders and drums, at such 
a rate as to meet the t3rpes of the second side at the exact point which will ensure 
this side falling with geometrical nicety upon the back of the first. For this purpose, 
the cylinders and dr^s must revolve at the very same speed as the carriage under- 
neath; hence the least incorrectness in the workmanship will produce such defective 
typography as will not be endured in book-printing at the present day, though it may 
be tolerat^ in newspapers. An equable distribution of the ink is of no less import- 
ance to beautiful letter-press. See fys. 1683, 1684. 



Applcgath and Cowper’s single. Applegath and Co'u'i)er*s doul'lo. 


The machines represented in fys. 1685, 1686, 1687, are different forms of those 
which have been patented by Messrs. Applegath and Cowpor. That shown infys. 
1685 , 1687 s prints both sides of the sheet during its passage, and is capable of throw’- 
ing off nearly 1,000 finished sheetAi per hour. The moistened quires of blank paper 
being piled upon a table, A, the boy, w'ho stands on the adjoining platform, takes up 
one sheet after another, and lays them upon a feeder n, which has several linen 
girths passing across its surface, aud round a pulley at each end of the feeder ; so 
that whenever the pulleys begin to revolve, tlio motion of the girths carries forward 
the sheet, and delivers it over the entering roller e, where it is embraced between two 


1685 



series of endless tapes, that pass round a series of tension rollers. These tapes are so 
placed as to fall partly between, and partly exterior to, the pages of the printing; 
whereby they remain in close contact wiUi the sheet of paper on both of its sides during 
its progress through the machine. The paper is thus conducted from the first printing- 
cylindin F, to the second cylinder g, without having the truth of its register impaired, 
80 that the eoinddence of the two pages is perfect. These two great cylinders, or 
drams, are made of cast iron, turned perfectly true upon a self-acting lathe ; they are 
clothed in these parts, corresponding to the typographic impression, with fine woollen 
cloth, called hUmheU by the pressmen, and revolve upon powerful shafts, which rest 
in brass bearings of the strong framing of the machine. These hearings, or plummer 
blocks, are soaceptible of any degree of adjustment, by set screws. The drums, h 
and I, are made of wood ; they serve to conduct the sheet evenly from the one printing- 
cylinder to the other. 

One series of tapes commences at the upper part of the entering drum k, proceeds 
in contact with the right-hand side and under surface of the printing-cylinder r, 
passes next over the carrier-drum h, and under the carrier-drum i; then en- 
compassing the left-hand side and under portion of the printing-drum o, it passes 
ia coatiot with the small tension rollers a, d, c, d, fy, 1687, and finally arrives at the 




PRINTING MACHINE 


65 / 

roller k, which may be called the commencement of the one series of endless tapes. 
The other series may be supposed to commence at the roller h ; it has an equal 
number of tapes, and corresponds with tho former in being placed upon the cylinders 
so that tho sheets of paper may bo hold securely between them. This second scries 
descends from tho roller h, Jig. 1887, to tho entering drum e, where it meets and 
coincides with the first scries in such a way that both sets of Upes proceed together 
under the printing cylinder f, over h, under i, and round q, until they arrive at tho 
roller i, Jig. 1685, where they separate, after having continued in contact, except at the 



places where the sheets ot paper are held between them. The tapes descend from 
tho roller i, to a roller at and, after passing in contixct with rollers at I. m, ??, they 
finally arrive at tho roller A, whore they were supposed to conimciice. Ilence two 
series of tapes act invariably in contact, without the least mutual intcrforoncc. 

The various cylinders and drums revolve very truly by moans of a system of 
toothed wheels and pinions mounted at their ends. Two horizontal forms of types are 
laid at a cerbiin distance apart upon the long carriage m, adjoining to each of which 
there is a flat metallic plate, or inking-table, in the same plane. Tho common 
carriage, hearing its two forms of type and two iuking-tables, is moved backwards 
and forwards, from one end of the printing machine to the other, upon rollers 
attached to the frame-work, and in its traverse brings the types into contact with the 
sheet of paper clasped by the tapes round the surfaces of the printing cylinders. This 
alternate movement of the carriage is produced by a pinion working alternately into 
tho opposite sides of a rack under the bible. Tho pinion is driven by the bevel 
wheels K. 

The mechanism for supplying tho ink, and distributing it over tlie forms, is one of 
the most ingenious and valuable inventions belonging to this incomparable machine, 
and is so nicely adjusted that a single grain of the pigment may suffice for printing 
one side of a sheet. Two similar sets of inking apparatus are provided ; one at each 
end of the machine, adapted to ink its own form of type. The metal roller l, called 
the ducior roller, as it draws out tho supply of ink, has a slow rotatory motion com- 
municated to it by a catgut ctird, which pisses round a small pulley upon the end 
of tho shaft of the printing cylinder g. A horizontiil plate of metal, with a straight- 
ground edge, is adjusted by set screws, so as to stand nearly in contact with the 
ductor roller. This plate has an upright ledge behind, converting it into a sort 
of trough or magazine, ready to impart a coating of ink to the roller, as it 
revolves over the table. Another roller, covered with elastic composition (see supra), 
called tho vibrating roller, is made to travel between the ductor roller and tho 
inking-table ; the vibrating roller, as it rises, touches tho ductor roller for an instant, 
abstracts a film of ink from it, and then descends to transfer it to the Ublo. There 
are three or four small rollers of distribution, placed somewhat diagonally across tho 
table at m (included only two inches from a parallel to the end of the frame), furnished 
with long slender axles, resting in vertical slots, whereby tliey are left at liberty; to 
revolve and to traverse ut the same time ; by which compound movement they are 
enabled to efface all inequality in the sui^ace of the varnish, or to effect a perfect 
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uniform film of ink, to bo immediately transferred by them to the t 3 rpes. Hence each 
time that the forms make a complete traverse to and fro, which is requisite for the 
printing of every sheet, they are touched no less than eight times by the inking- 
rollers. Both the distributing- and inking-rollers turn in slots, which permit them to 
vise and fall so as to bear with their whole weight upon the inking-table and the form, 
whereby they never stitrid in need of any adjustment by screws, but are always ready 
for work when dropped into their respective places. 

Motion is given to the whole system of apparatus by a strap from a steam-engine 
going round a pulley placed at the end of the axle at the back of the frame. 

The operation of printing is performed as follows (seo^. 1688) : — 

The sheets being carefully laid, one by one, upon the linen girths, at the feeder n, 
the rollers c and d are made to move, by means of a segment wheel, through a por- 
tion of a revolution. This movement carries on the sheet of paper sufficiently to 
introduce it between the two series of endless tfipes at the point where they meet each 
other upon the entering drum k. As soon as the sheet is fairly embraced between 
the ttipes, the rollers c and i) are drawn back, by the operation of a weight, to their 
original position, so as to bo ready to iytroduco another sheet into the machine. The 
shoot, advancing between the endless tapes, applies itself to the blanket upon the 
printing cylinder f, and as it revolves meets the first form of typos, and receives their 
impression ; after being thus printed on one side, it is carried over h and under i, to 
the Idanket upon the printing cylinder g, where it is placed in an inverted position ; 
the printed side being now in conUct with the blanket, and the white side being out- 
wards, meets the second form of typos at the proper instant, so as to receive the 
second impression, and get completely printed. The perfect sheet, on arriving at the 
point i, where the two series of tapes separate, is tossed out by centrifugal force into 
the hands of a boy. 

The diagram, fig. 1688, shows tho 
arrangement of tho tapes, agreeably to 
the preceding description ; tlio feeder n, 
with tho rollers c and d, is seen to 
havo an independent endless girth. 

Tho diagram, fig. 1689, explains the 
structure of a machine contrived by 
Messrs. Applogath and Cowpor for 
printing ‘ Tho Times ’ newspaper ; but 
which is now superseded by Mr. Apple- 
gath’s Vertical Printing Machine. Here 
there are four places U) lay ou tho 
sheets, and four to take them off; consequently, the assistance of eight lads is 
required, v, p, p, p, are tho four piles of paper; f, f, f, f, are the four feeding-boards; 
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B, B, K, K, are tho four entering drums, upon which the sheets are introduced between 
the tapes t, t, t, t, whence they are conducted to the four printing cylinders, 1, 2, 3, 4; 
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T is the form of type ; i, i, are two iuking-tables ; of which one is placed at each end 
of the form. The inking apparatus is similar to that above described, with the 
addition of two central inking-rollers r, which likewise receive their ink from tlie ink- 
ing-tables. The printing cylinders 1, 2, 3, 4, are made to rise and fall about half an 
inch ; the first and third simultaneously, as also the second and fourth. The form of 
type, in passing from a to n, prints sheets at 1 and 3 ; in returning from n to a, it 
pnnts sheets at 4 and 2 ; while the eylinder alternately falls to give the impression, 
and rises to permit the form to pass untouched. 

Each of the lines marked i, consists of two endless tapes, which run in contact, 
in the parts shown, but separate at the entering drums k. and at the taking-oft' }>arts 
0, 0, 0, 0. The return of the tapes to the entering drum is omitted in the diagram, to 
avoid confusion of the lines. 

The sheets of paper being laid upon their respective fooding-boards, witli the fore 
edges just in contact with the entering drum, a small roller, called the drop-down 
roller, falls down at proper intervals, upon the edges of the shoots ; tho drum and tho 
roller being then removed, instiintly carry on the sheet, bi^twecn the tapes i, down- 
wards to the printing cylinder, and thence imwards to o. e, e, o, where the tapes are 
parted, and the sheet falls into the hands of the attendant boy. 

This invention fully answered the purpose of ‘ 'riu' Times’ until tho immense demand 
upon its powers rendered it necessary to provide ;i machine which could tvork off from 
12,000 to Id, 000 co/}?cs of ih' faj-er per hour. 

Mr. Applog-ath, to Mhom tho world is indebt lhI for the invention of the printing 
machine capable of doing tliis large duty, dccitb'd f)n abandoning the reciprocating 
motion of the type-form, and arranging the aj>i\'iratiis so as to render the motion con- 
tinuous. This necessarily involved circular iri'-lion, and accordingly he resolved upon 
attaching the columns of ty}>e to the side.« of a large ilrum or cylinder, placed with its 
axis vortical, instead of the liorizonUal frame wliieh liad been Ijitherto used. A largo 
central drum is erected, Ciq^able of being turned round its axis. Ujion the sides of this 
drum are placed vertically the columns <<f type. Tliesc columns, strictly speaking, form 
the sides of a polygon, the centre of which coincides with the axis of the drum, bill the 
brcjidth of the columns is so small compared with tlie diameter of tin; drum, that 
their surfaces depart very little from llie reguhir cylindrical form. On another jiart 
of this drum is fixed the iiiking-tahle. Tlie circumference of this drum in ‘The 
Times’ printing machine measures 200 inches, and it is consequently 04 inches in 
diameter. 

The general form and arrangement of the machine arc represented in jig. 1690, 
where d is the great central drum which carries the types tir.d inking-tables. 

This drum is surrounded by tight cylinders, n. la 6:c., also placed witli their axc's 
vertical, upon which the pajier is carried by ta]ic.s in theusiud manner. E;ich of t.h(^se 
cylinders is connected with tho drum by toothed wlnads, in such a inaniitr that their 
surfaces respectively must necessarily move at < xactly tho same vtlocily as the surface 
of the drum. And if we imagine th(‘ drum thus in conUtet with tiiesc eight cylinders 
to be put in motion, and to make a complete revolution, tlie type-form will be jtressed 
successively against each of tlie eight cylinders, and if tlie lyjie. wt.n ]>?< viou.sly inked, 
and each of tho eiglit cylinders supplied with paper, eight sheets of paper would he 
printed in one revolution of the drum. 

It remains, therefore, to explain, first, how the type is eight times inked in each 
revolution; and secondly, how each of the eiglit cylinders is supplied witli j.aper to 
receive their imprcs.sion. 

Beside the eight paper-cylinders are placed eight sets of inking-rolhu's ; near IIkm; 
are placed two ductor rollers. These ductor rollers retudvt* a coaling of ink from 
reservoirs placed above them. As the inking-talile attached to the ri vohing drum 
passes each of these ductor rollers, it receives from them .a coating of ink. Jl lu-xt 
encounters the inking-rollers, to which it delivers tliis coating, d'he tyjics next, bv 
tho continued revolution of the drum, encounter the.se inking-rfjllers, and i-oceivo from 
them a coating of ink, after which they meet tho jjaper-cylinders, ujion As liidi they are 
impressed, and the printing is completed. 

Thus in a single revolution of the great central drum the inking-tihle receives a 
supply eight times successively from tho ductor rollers, and delivers ovt-r that supply 
eight times successively to the inking-rollers, w'hich, in their turn, deliver it eiglit 
times successively to the faces of the type, from which it is conveyed linally to tho 
eight sheets of paper held upon the eight cylinders by the bipes. 

XiOt us now explain how the eight cylinders are supplied with paper. Over each 
of them is erected a sloping desk, h, h, &c., upon which a stock of unjirintod pajier is 
deposited. Beside this desk stands tho * layer on,’ who pushes forward the piper, 
•beet try sheet, towards the fingers of the machine. 

These flngen, eeisi^g upon it^ first draw it down in a vertical direction between 
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tapes in the eight vertical frames until its vertical edges correspond with the position 
of the form of typo on the printing cylinder. Arrived at this position its vortical 
motion is stopped hy a self-acting apparatus provided in the machine, and it begins to 
move horizontally, and it is thus carried towards tho printing cylinder by the tapes. 
As it passes round this cylinder it is impressed upon the type, and printed. It is then 
airried back horizontally by similar topes on the other side of the frame, until it 
arrives at another desk, where the ‘ taker olf ’ awaits it. The fingers of the machine 
aro there disengaged from it, and tho ‘taker off’ receives and disposes it 
upon the desk. This movement goes on without interruption ; tho moment that one 
sheet descends from tho hands of the ‘ la 3 'er on,’ and being carried vertically down- 
wards begins to move horizontally, space is left for another, which he immediately 
supplies, and in this manner ho delivers to tho machine at the average rate of two 
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sheets every five seconds ; and tho same delivery taking place at each of tho eight 
cylinders, there aro 16 sheets delivered and printed every five seconds. 

It is found that by this innchiiie in ordinary work between 10,000 and 11,000 per 
hour can be printo<l ; but w'lth very ex])crt men to deliver the sheets, a still greater 
speed can be attained. Indeed, the velocity* is limited, not by any eonditions affecting 
the machine, but Iiv the power of the men to di'livor the sheets to it. 

Ill case of any misdelivery, a sheet is spoiled, and, consequently, the effective jwr- 
formaiice of tho machine is impaired. If, however, a still greater speed of printinff 
were required, the same description of muchiuc, w itliout changing its principle, would 
be sufficient for the exigency ; it would be necessary that the types should be sur- 
rounded with a greater number of printing cylinders. 

It may be right to ol»servo that tlit'se surrouiidiiig cylinders and rollers, in tho case 
of ‘ The Times ’ machine, are not uniformly distributed round the great central drum } 
they are so arranged as to leave on oii<> side of that di’um an open space equal to the 
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width of the type-form. This is necessary in order to give access to the type-form so 
as to adjust it. 

One of the practical difficulties which Mr. Applegath had to encounter in the 
solution of the problem, which he has so successfully effected, arose from the shock 
pnxiuc^ to the machinery by reversing the motion of the horizontal frame, which in 
the old machine carried the type-form and inking-tablo, a moving mass which weighed 
a ton I This frame had a motion of 88 inches in each direction, and it was found that 
such a weight could not be driven through such a sj>ace witli safety at a greater rate 
than about 46 strokes per minute, which limited its maximum producing power to 6,000 
sheets per hour. 

Another difficulty in the construction of this vast piece of machinery was, so to 
regulate the self-acting mechanism that, the impression of the type-form should always 
be made in the centre of the page, and so that the space upon the paper occupied by 
the printed matter on one side may coincide exactly vith that occupied by the printed 
matter on the other side. 

The type-form fixed on the central drum moves at tlie rate of 70 inches per second, 
and the paper is moved in contact with it of course at exactly the same rate. Now, if 
by any error in the delivery or motion of a sheet of paper, it arrive at the printing 
cylinder l -TOth part of a second too soon or too Late, the relative position of th^> 
columns will vary by l-70lh part of 70 inches — that is to say, l)y 1 inch*. In that 
case the edge of the printed matter on one side would bo an inch nearer to tlic eilgo 
of the paper than on the otlicr side. Tliis is an incident which rarely happens, but 
when it does, a shoot, of course, is spoiled. The waste, however, from tliat cause is 
considerably loss in the present vortical machine than in the former less powerful 
horizontal one. 

The vertical position of the inking-rollors is more conducive to the goodness of the 
work for the tjrpe and engraving are only touched on their extreme surface — than 
the horizontal machine, where the inking-rollers act by gravity ; also any dust sliaken 
out of the paper, which formerly was deposited upon the inking-rollers, now falls upon 
the floor. M ith this machine 60,000 impressions have been taken without stopping 
to brush the form or table. 

The principle of this vertical-cylinder machine is culpable of almost unlimited 
extension. 

An American machine, the invention of R. Hoe and Company, of New York, was 
a few years^ ago ^introduced to this country. Machines of this description were macle 
for ‘ The Times,’ and other now.spaper offices, by Mr. Whitworth of Manche.ster, The 
following is Mr. Hoe’s description of this mjichinc : — 

A horizontal cylinder of about 4^ feet in diameter is mounted on a shaft, witli 
appropriate bearings ; about one-fourth of the circumference of tins cylinder consti- 
tutes the bed of the press, which i.s adapted U) receive the form of types — the remainder 
is used as a cylindrical distribu ting-table. Tlu; diameter of the cylinder is less tlian 
that of the form of t^’pes. in order that the distributing portion of it inny pass the 
impression-cylinders wiihout touching. The ink is contained in a fountain ]'l:ic*t‘d 
beneath the large cylinder, from which it is tfiken l»y a ductor roller, and transferrHl 
by a vibrating distributing-roller to the cylindricof distribution-Uiblc ; the fountain 
roller receives a slow and continuous roUtory motion, to carr}’ up the ink from the 
fountain. 

The large cylinder being pnt in motion, the form of typos thereon is, in succession, 
carried to eight corresponding horizontal impression-cylinders, arranged at ]>roper 
distances around it, which give the impre.ssion of eight sheets, introducing one at each 
impression-cylinder. For each impression-cylinder there arc two inked rolh rs, which 
vibrate on the distributing surface while taking a supply of ink, and at tlie proper 
time pass over the form, when they again fall to the di.stri*buting surhu-e. biiu li ]);igi‘ 
is locked up upon a detached segment of the large cylinder, called by the compositors 
a * turtle, and this constitutes the bed and chase. The column-rules run parallel 
with the shafts of the cylinder, so as to bind to types near the toji. Those wedge- 
shaped column-rules are held down to the bed or * turtle ’ by tongues, projecting at 
intervals along their length, and sliding in rebated grooves cut cross-vrisc in the face 
of the bed; the space in the grooves between the column-rules being filled with sliding 
blocks of metal, accurately fitted, the outer surface level with the surface of the bwl, 
the ends next the column-rules being cut away underneath to receive a projection 
on the sides of the tongues and screws at the end and side of each page to lock them 
toother, the types are as secure on this cylinder as they can be on the old flat bed. 

In ‘The Times’ office there are two of those machines, one of tliem being a ten- 
cylinder machine, which is regularly employed to print 1G,000 sheets an hour, and it 
WM* capable of printing 18,000. It is only by means of tliese two American 
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machines, and two of Applegath’s, all working on the different sides of the paper, 
that the enormous supply required erery morning can he produced. 

Tht Walter Press {fig. 1691 ). — In 1 862, the circulation of ‘ The Times’ having consider- 
ahly increased, together with the necessity of issuing quadruple and sextuple sheets, 
caused the proprietors to increase the power of the machines then in use, and the 
wdiolo has since been completely superseded by various new productions. The first of 
these is the Walter Press, brought to maturity in ‘ The Times’ Printing-office, and 
manufactured on the promises in Printing-House Square. It is almost an original 
invention ; its principal merits being its .simplicity, compfictness, speed, and economy. 
It is what is called a ‘ perfecting macliinc,’ as it prints both sides of the sheet at one 
revolution. The paper passing through the machine in a direct line, and with me- 
chanical precision, the register will always be perfect ; that is to say, the pages on one 
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side arc printed exactly on the back of the pages on the other side. The Walter 
macliino occupies a space of only 14 feet by 5 feet, or less than any other machine yet 
introduced. The speed being altogether independent of manual dexterity, and regu- 
lated solely by meelianical appliances, is capable of increase in a way that no other 
printing niacliine on any other principle can possibly be, The5 exclusive use of stereo- 
tyi'c-plat(!S releases the type from all wear and tear, so that a fount of type, instead 
of being renewed every two years, will last at least twenty. The type at present em- 
ployed in printing ‘ The Times ’ has been in use about 15 years. The plates, after being 
employed for one da y s impression, arc melted down for the next. The paper mounted 
on a huge retd, miies 120 yards in length, as it comes from the paper-mill, appears 
to fly through among the cylinders at tlio rate of nearly 1,000 feet a minute, and is 
printed in le.ss than 25 minutes ; each reel, wlien printed, produces 4,350 newspapers. 
It is led from the reel into a scries of sninll cylinders, where it passes through a 
trough of cold water, and is then brought between tho first and second of four cylin- 
ders raised perpoiidiciilarly above each other. The top cylinder is encircled by stereo- 
type-casts from four pages of type, and the lowest of the four cylinders is similarly 
surrounded by stereotvpt -plates of the remaining four pages of the newspaper. In 
passing through the first pair of impression-cylinders it is printed on one side. It is 
next reversed, an<l j)asses through the second pair of cylinders, where it is printed on 
the other side. It then continues its course onwards, passing between two cutting- 
cylinders, ]»laced in the centre of thcmacliine, which divide the web of the now printed 
paper into its proper length, forming a complete newspaper. The sheets are then 
rapidly conducted by tapes into a swing frame, which, as it vibrates, delivers them 
alternately on either side, and deposits them on tables at which two lads sit to receive 
them. The solo attendants necessary are those two lads and an overlooker, who places 
the stereotype-plates on the machine, starts it, and attends to the rolls of paper as 
they are iinwoniul. Tlie delay in changing fium one reel to another scarcely exceeds 
one minute. The sheets an^ printed at tin? rate of 12,000 copies per hour. The 
machine is almost self-acting, the ink being pumped up into an ink-box from a cistern 
in the room belf>w. An index is fixed to eacli machine, which counts eacli sheet as it 
is cut. Four, and sometimes five, of these machines are necessary for the printing of 
‘ Tho Times,’ according to the time required for its i)ublication ; the whole number being 
printed in from one hour to one hour and a half. If four machines are required, foiUf 
stereotype- plates are required from e;icli page. If five machines, five plates of eac^ 
page, w’hich would be forty plates in the wliolc. Eacn page is cast in about twenty 
minutes. 

The following tiible shows the number of letters iu each of the morning newBpapeW| 
taken dining the month of April 1873;— 
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Morning Post . . 632,886 

Morning Advertjser . 684,71 

Daily News * . , 704,619 


Standard . . . 708,428 

Daily Telegraph . . 1,053,200 

The Times . . . 2,196,963 


Platen Machine^ or the Bpottiewoode Press. — The first successful application of steam, 
fis a motive power, to printing presses witli n platen and vertical pressure was made 
in the ofifice where this book is being printed. Convinced of the superiority of tlio 
impression made by flat as compared with that of cylindrical pressure, Mr. Andrew 
Spottiswoode, assisted by his chief engineer, Mr. Brown, succeeded, after many experi- 
ments, in perfecting a machine which combines the excellence of the hand-press with 
more than four times its speed, and a uniformity in colour which can never be attained 
by inking by hand. The main point of the invention is the endless screw or drum 
which takes the carriage and type under the platen, and, after the impression is taken, 
returns it to its original position. 

vsnrrziro AKB xnrMBSRZWC cards. It will be remembered that in 
the early days of railway travelling, the ticket syst(‘m then in vogue at the various 
stations was a positive nuis<‘ince ; as every ticket ]»efore it was thdivered to a pn.ssenjrer 
had to be sbimped and torn out of a book, — thins causing the loss of considerable 
time to travellers when man}* pa.sscng(T.s were congregated. The first to remedy this 
was Mr. Bdmondson. who constructed an ingenious apparatus for printing the tickets 
with consecutive numbers, and also dating the same. 'I'liis gave great facilitit s for 
checking the accounts of the station clerks ; Init owing to the imperfect manner of 
inking, consequent on the construction of tlic apparatus, the friction to which the 
tickets were exposed, before they were delivered uji. in a great manner obliterated the 
printing, and occasionally rendered them (jiiitc illegible. By Mes.srs. Church and 
Goddard's luachiiK! for printing. numlHring, cutting, counting, and packing railway 
tickets, this difficulty is removed, and great sjieed is attained in manufacturing the 
ticket®, as tlie several operations are simiiltaneou.*'!}* ]»erformcd. Pasteboard cut into 
strips by means of rollers i-* fod into the machine, by being laid in a trough, and 
brought under the prongs of a fork (working with an intermittent movement'), which 
pushes the strips successively forward b«-tween the fir.st pair of a series of guide or 
carrying rollers. There are four pairs of rollers, placed so as to conduct the strip 
tlirough the machine in a horizontal line: and an intermittent movement is given 
them for the pur['ose of carr}’iijg the strips forward a short distance at intervals. 
The standards of the machine carry, at the top. a block termed ‘ the platen,' as it 
acts the piart of the prcjss-hcad in tlie e-nnmon printing macliine, — jK)rtions (»f it 
projecting downwards l»otween tlie upper rollers of the first and second, and second 
and third pairs of carrying rollers, nearly to the horizontal plane, in which the paste- 
baard lies, so as to sustain it at those points while it recidves tin pressure of the 
printing types and numbering discs, hen after referred to. The tyj>es to designate thu 
nature of the ticket, as ‘Birmingham, Kir.*'! Class,’ are secured in a ‘ chase,' uj>on a 
metal plate or table, which abso carries the nund»ering discs h>r imprinting the figures 
upon the cards ; and the table by a cam action is alternately raised, to bring the types 
and numbering discs in contact with Die pa.sUboard. and thiui lowertnl into a snilable 
position, to admit of an inking-roller moving o\a*r the types aiul numbtiring discs, and 
applying ink thereto. The table likewise carries at one end a knife, wliich acts in 
conjunction with a knife-edge, projecting downwards from the fixed head of the 
machine, and thereby gives the cross-cut to the strips between the third and fourth 
pairs of carrying rollers, — thus severing each into a givim number of tickets. The 
strip of pasteboard which is fed into the machine stops on arriving at th(' second pair 
of carrying rollers; and, on the ascent of the printing-table, the types print on tliat 
portion which is between the first and second jiairs of rollers. Tin* strip then pa.sses 
on to the third pair of rollers, W'here it stop.s ; and, on the table again ascending, the 
numbering discs imprint the proper numl»er upon the pasteboard between the second 
and third pairs ; the type, in the meanwhile, printing wliat is to be the next following 
ticket. On the next ascent of the table, the strip has advanced to the fourth pair of 
rollers; and the knives being now brought into conbaet, the printed and numbered 
portion of the strip is severSl. The now completed ticket is lastly deliverwl by the 
fourth pair of rollers into a hollow guide piece, and conducted to a box beloM’, pnivided 
with a piston, which, to facilitate the packing of the t ickets in the box, can be adjusted 
to any height to recsire the tickets as they fall. To avoid the necessity of having to 
fcount the tickets after they are taken from the receiving box, a counting apparatus, 
connected with the working parts of the machine, is made to strike a bell on the 
completion of every hundred or more tickets, so ns to warn tlu: attendant to remove 
them from the box. The inking apparatus is assimilated in diameter to self-acting 
i&hers in ordinary printing presses ; and the numbering discs are worked in u luauner 
T«y similar to those for paging books. 
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A simple arrangement of apparatus for printing and numbering cards has been 
introduced by Messrs. Harrild and Sons. The types arc fixed in a metal frame, which 
«a ]80 carries the numbering discs. This frame is mounted on a rocking shaft, and is 
furnished with a handle, whereby it is rocked to bring down the types and discs upon 
the card, to produce the impression. "When the frame is raised again, the units disc 
is moved forward one figure, and the types are inked by a small roller, which takes its 
sujmly of ink from an inking-tablo, that forms the top of the frame. 

m. Baranowski, of Paris, invented a machine for printing and numbering tickets, 
and also indicating the number printed. The types and numbering discs are ciirricd 
by a horizontal rotating shaft, upon which, near each end thereof, is a metal disc ; and 
upon the periphery of these discs a metiil frame is affixed, which carries the types and 
numbering discs, and corresponds in curvature with the edge of the discs. The types 
for printing the inscription upon the ticket are arranged at right angles to the length 
of the shaft, which position admits of some lines of the inscription being printed in 
one colour, and the remainder in another colour. In the type-frame a slot or opening 
is formed lengthwise of the shaft ; and behind this opening are three numb(>ring discs, 
and throe discs for indicjiting the quantity of tickets numbered, — all standing in the 
same row. The numbering discs are made with rriised figures, which project through 
the slot, in ordtir to print the number upon the ticket ; and on the peripheries of the 
registering discs (which move simultaneously uitli their corresponding numl)ering 
discs), the figures are engraved. The tickets to bo printed and numbered are placed 
in a rectaiigiilar box or receiver, having at the bottom a flat sliding piece, which has 
a reciprocating motion for the purpose of pushing the lowest ticket out of the box, 
through an opoiiirigin the front side thereof, beneath an clastic pressing-roller of india- 
rubber ; th(5 type-frame (with the types and figures properly inked), is at the same 
time brouglit, by the rotation of its shaft, into contact with the ticket beneath the 
pressing roller, and as it continues its motion, it causes the ticket to move forward 
beneath the pressing roller, and to bo properly printed and numbered. The ticket 
then falls from the luacliine; and the type-frame, carried on by the reroliition of llio 
shaft, l)riiigs tliat number on the registering discs whicli corresponds with the number 
I)rint(Hl oil the ticket, under a. small opening in the case, covered with glass; whereby 
the number of tickets printed will ]»e indiciited. 

PRXlVTZirC, ZrATITRS. See Nature Pki>'TIXG. 

RRZKTZM'Cfr ROXi&SRS. Elastic inking-rollers were introduced by Messrs. 
Donkin and Bacon. They are made of a mixture of glue and treacle, or of glue and 
honey; the American honey, it is .said, being preferred. 1 pound of good glue is 
softened by soaking in cold water for twelve hours, and then it is united, by means of 
heat, with about two pounds of ordinary treacle. See Phinting. 

Messrs. Hoe & Co. give the following direetious for making and preserving 
composition-rollers: Por cylinder-press rollers. Cooper’s No. 1.x glue is sufficient 
for ordinary purposes, and will bo found to make as durable rollers as higher-priced 
glues : — 

I'Jace the glue in a l-iicket or pan, and cover it with water; let it stand half an 
lioiir, or until aU)iit lialf penetrated with water (care should be used not to let it soak 
too long), then }X)ur it off, and let it remain until it is soft. Put it in the kettle and 
cook it until it is thoroughly meltod. If too thick, add a little water until it becomes 
of jiroper consistency. Tiie molassses may then be added, and M'ell mixed with the 
glue by frequent slirriug, AVlieii properly prepared, the composition does not require 
boiling more ihiiu an hour. Too much boiling candies the molasses, and the roller 
consequently will be found to lose its suction much sooner. In proportioning the 
material, much dcjioiids upon the weather and temperature of the place in which the 
rollers are to bo used, 8 jH)unds of glue to 1 gallon of sugar-liouse molasses, or 
syrup, is a very good proportion for summer, and 4 pounds of glue to 1 gallon of 
mola.'^ses for winter use. 

Hand-press rollers may be made of Coopers No. 1 J (one and a quarter) glue, using 
more molasses, as they are not subject to so much hard usage as cylinder-press rollers^ 
and do not require to be as strong ; for the more molasses that can he used the better 
is tlio roller. Before pouring a roller, the moultl should be perfectly clean, and well 
oiled witli a swab, but not to exces.s. 

Rollers should not be washed immediately after u.se, but should be put away with 
the ink on them, as it protects the surface from tlio action of the air. When washed 
and exj)osed to the atmosphere for any length of time, they become dry and skinny. 
Tluiy should be washed about half aii hour befort; using them. In cleaning a nm 
roller, a little oil rubbed ov<’r it will loosen the ink, and it should be scraped clean 
with the back of a case-knife. It sliould be cleaned in this way for about one week, 
when lye may bo used. New rollers are often spoiled by washing them too soon with 
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1^. Oatnpliene ma^ be substituted for oil ; but owing to its combustible nature it is 
object ionable, a s accidents may arise from its use. 

WMEtmWUf STnUBOTTFU. See Stekeotyfb. 

wmoOWKmm. See Alcohol. 

MMVT&nnBa A gas obtained among the products of the decomposition of 
amylic alcohol. See Gas- Coal. 

FBOTSlirs. The name given to the substance obtained by digesting albuminous 
matters in weak caustic potash, and precipitating by acetic acid. 

IPBOTOOnra (irp&ros, first; ylyvopau to form). A granite oompscd of felspar, 
quarts, and talc. This term is nearly restricted to the Trench geologists. 

F»OIT*TIT», or Li^kt Sed Silver Ore. An arsenio -sulphide of silver, resembling 
pyrargyrite, but distinguished by its paler cochineal-red colour. It is a valuable ore, 
found in Saxony, Mexico, Chili, Nevada, &c. See Silver. 

VXOVZVCI MAOBIWS. The figures show a useful machine for testing the 
quality and power of india-rubber springs, designed by Mr. George Spencer, of the 



firm of Geo. Spencer and Co., and used by them for that purpose, f e?. ir>{)2 shows 
an elevation, partly in section, of the mncJiinc : ////. 1603 a jil.in of tli(> s.jn)c. is 
a strong cast-iron frame, sui'p'.rted by l\v<» ca.M-iron .‘'tandards. t, n ; o is a sliding 
piston, working in a hole cast in the end of fram*-. a, one end of wliieh iinj>in^'- 
against the short arm of a strong ca.st-iron lever, t>. forming one of a system of com- 
pound levers as shown, having fulcrums at r and./', and provided Muth a Salter's 
balance, to register the power cxerUid by the sjn-lng. 

At the other end of fnime, a, a brass nut. (;, is jdaeed in a bole in the frame, 
through which a square-threaded screw, s. works by means of the handle, ii, or I'y a 
long lever of wrought iron, according to the power of .spring to be tested. 

The spring to be tested is placed between the two sliding guide-plat e.s, n, n'. and 
a wrought-iron bolt passed through the plates, n, n', and spring, z. and passing into 
the hollow piston, c, for the purpose of keeping the spring in correct position, and 
receiving in ite hollow head, m, tlie end of the screw, s. The action may be thus d(?- 
ficribed ; — The handle, h, being turned, the screw, s. advances and pushes on tlje f)lafe 
y, by means of tlic lx)lt-h(!ad, m. The other plate, n, rests against the piston, c, and 
is pressed against, it by the intervening spring, z. 1'he 1(!V( rage, ]>, is so arranged 
that 1 lb. on the dial is equal to 2 cwta. on the spring, or, in other w'ords. is 1 in 224. 
Springs of a force of 20 tons can bo tested by thi.s machine safely. See Caoi tchoi c. 
TCtOVXBIOVft, OUBZirO or. Soe Meats, Prkski{vkI) ; PrruKFACTioN. 
nnmUbJk* a thin woollen or mixed stuff now chiefly used for covering 
shoes, especially such as are worn by old women. 

mmni. A genus of the Kosacca, containing several species which yield edible 
fruits. The varieties of P.domeatica are known as plums, greengages, and damsons. P. 
eera$u$ is the cherry ; P. Armeniaca the apricot ; and ]*. npinnsn the. sloe or blackthorn. 

nxmUtAM BtiOa. {Berliner Bhiv, Gcr.) This is. in its pure 8t;it.e, a ferro- 
t^nide of iron (fexTtc-feriDcyamde). "When organic matters abounding in nitrogen, 
ai dried blood, horns, hair, skins, or hoofs of animals, arc triturated along with 
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potash in a strongly-ignited iron pot, a dark grey mass is obtained, that affords to 
•water the liquor originally called lixivium sanguinis, or blood-lyo. This solution 
yields crystals, known in commerce as the yellow prussiato of potash. If to this salt 
solutions of any per-salt of iron be added, Prussian blue is formed. If the iron in the 
s^ilt employed be present as protoxide, it will afford a precipitate, at first pale blue, 
which turns dark blue in the air. If, however, the salt employed contains peroxide 
of iron (ferric salts) the precipitate is at once a dark blue. The white cyanide of iron 
(the pni.ssiato of the pure protoxide) when exposed to the air in a moist condition, 
becr)mos, as above stated, dark blue ; yet the new combination formed in this case 
through absorption of oxygem, is essentially different from that resulting from the 
}>recifMtatioii by tlie peroxide of iron, since it contains an excess of the peroxide in 
addition to the usual two cyanides of iron. It has been therefore called basic Prussian 
blue, and, from its dissolving in pure water, soluble Prussian blue. 

Both kinds of Prussian blue agree in being void of taste and smell, in attracting 
humidity from the air when they are artificially dried, and being decomposed at a 
licat above 348° Falir. The neutral or insoluble Prussian blue is not affected by alcohol; 
the basic, when dissolved in water, is not precipitated by that liquid. Neither is 
it acted upon by dilute acids ; but they form with concentrated sulphuric acid a white 
pasty mass, from which they arc again reproduced by the action of cold water. They 
are decomposed by strong sulphuric acid at a boiling-heat, and by strong nitric acid 
at common temperatures; but they are hardly affected by the muriatic. They 
become green with chlorine, but resume their blue colour when treated w'ith de- 
oxidising reagents. When Prussian blue is digested in warm water along with potash, 
soda., or lime, peroxide of iron is separated, and a ferroprussiate of potash, soda, or 
lime remains in solution. 

The 'prccipitatmi of Prussian blue . — Green sulphate of iron is commonly employed by 
the manufacturer, on account of its cheapness, for mixing with solution of the ferro- 
prussiate, in forming Prussian blue, though the persulphate, nitrate, or muriate of 
iron would afford a much richer blue pigment. Whatever salt of iron bo preferred, 
it should bo carefully freed from any cupreous impregnation, as this would give the 
pure blue a dirty brownish cast. The green sulphate of iron is the most advantageous 
jirecipitant, on account of its affording protoxide, to convert into ferrocyanide any 
cyanide of potassium that may happen to bo present in the unciy’Stallised lixivium. 
TIjo carbonate of potash in that lixivium might bo saturated -v^'ith sulphuric acid 
Ix'foro adding the solution of sulphate of iron ; but it is more commonly done by 
adding a certain portion of alum, in which case alumina falls along with the Prus- 
sian Idiie ; aiivl tlnaigh it renders it somewhat paler, yet it proportionally increases its 
WL'ight ; whilst t!io acid of the alum saturates the carbonate of potash, and prevents 
its throwing down iron-oxide, to degrade by its brown-re{l tint the tone of the blue, 
l-’or every pound of pearlash used in the calcination, from two to three pounds of 
alum are employed in tlie precipitation. When a rich blue is vdshed for, the free 
alkali in the J’russian lye may bo partly saturated with sulphuric acid, before adding 
the mii'ghfd solutions nf copperas and alum. One part of the sulphate of iron is 
generally allowed for Id or 20 parts of dried blood, and 2 or 3 of horn-shavings or 
lioofs. But the pro[>ort ion will depend very much upon the manipulations; which, 
if skilfully conducted, will produce more of the cyanides of iron, and require more 
copperas to neutralise them. The mixed solutions of alum and copperas should he 
progressivedy added to the lyo as long as they produce any precipitate. This is not 
at first a fine hluc, hut a greenish grey, in consequence of the admixture of some 
wliite cyanide of iron ; it Ijocomes gradually Idue by the absorption of oxygen from 
the air, which is favouriHl by agitation of the liquor. AVhenever the colour seems 
to he as beautiful as it is likely to hecimic, the liquor is to he run off by a spigot or 
cock from the bottom of the precipitation vats, into flat cistern.s, to settle. The clear 
supernatant fluid, which i.s chiefly a solution of sulphate of potash, is then drawn off 
by a syphon ; more water is run on with agitation to wash it, wdiich after settling is 
again drawm off; and whenever tho w'ashings become tasteless, the sediment is thrown 
upon filler sieves, and exposed to dry, first in the air of a stove, but finally upon 
slabs of chalk or Paris-plaster. But for several purposes, Prussian blue may be best 
employed in the fresh pasty state, as it then spreads more evenly over paper and other 
Burfiices. 

A good article is known by the following tests It feels light in the hand, adheres 
to tho tongue, has a dark lively blue colour, and gives a smooth deep trace; it should 
not effervesce with acids, as when adulterated with chalk ; nor become pasty with boil- 
ing water, as when adulterated wdth shircli. The Paris blue, prepared ‘without alum, 
with a peroxide salt of iron, displays, when rubbed, a copper-red lustre, like indigo. 
Prussian blue, degraded in its colour by an admixture of free oxide of iron, may b^ 
improved by digestion in dilute sulphuric or muriatic acid, washing, and diying, 
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It* rel&tive richness in the real ferroprussiate of iron may be estimated by the 
quantity of potash or soda which a giron quantity of it requires to destroy its blue 

colour. 

Sulphuretted hydrogen passed through Prussian blue diffused in water whitens it; 
while prussic acid is eliminated, sulphur is thrown down, and the sesquicyanide of 
iron is conrerted into the single cyanide. Iron and tin operate in the same way. 
When Prussian blue is made with two atoms of ferrocyanide of potassium instead of 
one, it becomes soluble in water. Soluble Prussian blue is generally prepared by 
adding perchloride of iron to excess of ferrotwanide of potassium. 

For the mode of applying this pigment in dyeing, see CAMCo-PniNTiNO. 

A process for Prussian blue, which deserves notice, as the first in which that 
interesting compound was made to any extent independently of animal-matter, 
was introduced by Mr. Lewis Thompson, who received a medal from the Society of 
Arts, in 1837, for this inrention. He observed that in the common way of manufac- 
turing prussiate of potash, the quantity of nitrogen furnished by a given weight of 
nnimal-matter is not laige, and seldom exceeds 8 percent. ; and of this small quantity, 
at least one half appears to be dissipated during tlic ignition. It occurred to him that 
the atmosphere might bo economically made to supply the requisite nitrogen, it 
caused to act in favourable circumstances upon a mixture of carbon ami potash. Ho 
found the following to answt r : — Tsike of pearlnsh and c«)kc. each 2 part s ; iron turn- 
ings, 1 part; grind them together into a coarse powder; place this in an open 
crucible, and expose the whole for half an hour to a full red lieat in an o]>en fire, with 
occasional stirring of the mixture. During this proce.^s. j( ts of }>iirp]o flame 

will be observed to rise from the surface of tlie materials. 'When these c«-ase, the 
crucible must be removed and allowed to cool. 'J’jie mass is to !.»• lixiviated ; tlie 
lixivium, which is a solution of ferrocyajiide of polassiimi. with <‘xe« ss of }*otash, is 
to be treated in the usual way, ami the black matter s* r aside for a Insh ojteration, 
with a fresh dose of pearlasii. Mr. Thom]*son stateil tliat one )>ound of ]»earlash, 
contiiiiiing 4o per cent, of alkali, yielded l.rioo prains of pure Prus.^iian blue, or 
ferrocyanide of iron, or about .'J ounces avoirdupois. 

Of late years several iinprov«‘niei.t.‘’' have been introduced into the manufacture of 
Prussian blue, relating chiefly to oxidation of tlie white ]>reei)'itate tltrown down from 
a solution of green sulphate (»f iron and alum by means of ydlow ]>russiale of polasli. 
Instead of oxidising tins precij'itate by expo.sure to llte atmosphere, rtfcourse may be 
had to the oxidising power of < iilorine; thus nitro-muriatic aeid (aqua regia) may be 
added to the precipitate. Perchloride of iron or percldoride of manganeso may bo 
used with similar effect. 

Prussian blue may also be prepared from the amiiioniacal liquor of gns-works, or 
from the spent lime of gas-puri tiers. 

P&VBSZAir BKOWl*. A fine deep brown c dour obtained by adding the yellow 
prussiate of potash (ferrocyanide of potassium ) to a solution of sulpdiate of co]»}>er. 

PBVBBXATB OF POTASH. Nee I’otash. PiU'.s.siate t>F. 

PBV8SZC ACZB. Sec li vnKocYAMc Acid. 

FBZXiOlIZBBAVB. An ore of Mangane-k, which see. 

PVBBUVa OF ZBOBT. 8cc InoN. 

FUFF FASTS. A pn *para1 ion of flour and butter, wliicli is in .‘j'reat diniaml, 
not only at the pa.stry-cooks’, lait in almost e very yiri vale family. 'Jake a certain 
quantity of flour, say half a p>ound, put it u}>ori a wooden board, make a hole or de- 
pression in the centre, and mix it with somewhat less than half a }>int of cold water, 
80 as to make a softi.sh paste ; dry it off from the board l»y shaking a little flour over 
and under, as is well known, but do not ‘work it’ more ilian you can lulp. Take 
now a quarter of a j>ound of fresh butter, whieh should bo hard as (and 

therefore it should be kept in as cold a pltrce as jiraclicable, the ie*; closi t. if pro- 
curable, lasing the best place), and squeeze out all the wiiter, or butu r-inilk whicli it 
contains, by kneading it with one hand on the bourd. Tliis optiration is called in 
VvQXic\i * manier le heurre.' Poll now the paste prejiaretl as ;i hove into a flat, thick, 
square slab, extending about 6 or 7 inches; lay the pat of butter, treated as above, in 
the middle of the slab of paste, and so wrap tlie butter up into it by folding tin sides 
of the paste all round over it ; roll the whole mass gently with the rolling-pin, hn as to 
form a thick sheet, put it upon a tin platCi or tray, cover it with a linen cloth wetted 
^•ith water as cold as possible, and leave tlie whole at rest for about a quarter of an 
hour in a cold place. At the end of that time, roll the mass with the rolling-pin into 
a sheet about 16 or 16 inches long, and fold it into throe, one over the other ; roll it 
out again into a sheet as before, and again fold it into Llirec. one over the other, as 
before, and repeat this operation once more, making throe times in all. Put tlio 
square mass, with a wet cloth upon it, in a cold place for another quarter of an hour, 
9 M befoNi at the end of that time roll it out with the rolling-pin, and fold it into 
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tlirco, one over tho other, as above ; and do this once more, making five times in all, after 
which tho paste is ready for use. Care must be taken, during the rolling, continually 
to dust tho board and the paste with a little flour, to prevent sticking. Tlie paste 
may now bo placed in the dish, or tin, in whidi it is to bo baked, taking care to cut 
tho protruding edges with a pointed and sharp knife, so as to leave the paste allround 
witli a clean cut edge, for otherwise it will not puff up or swell. The thick edges of 
pies and tarts are made by cutting strips of the paste with tho knife, and carofidly 
laying them on all round, taking care to leave the edges quite sharp. The prepared 
articles are then put in an oven, previously brought to a good heat, and tho elastic 
vapour disengaged from the butter and water will at once cause the paste to swell 
into parallel layers of ^eat tenacity, and apparently light, but really very heavy, 
since each of these thin laminee is compact and distinct. It is essential to the success 
of the operation that tho floor of tho oven should be hot. 

PVMZCli-STOXriS {Pierre-poncey Fr. ; Bimsteiny Ger.) is a spongy, vitreous- 
bwking mineral, consisting of fibres of Ji silky lustre, interlaced with each other in all 
tliroctions. It floats upon w'utcr, is h.arsh to tho touch, having in mass a moan 
sp. gr. of O’OH ; though brittle, it is hard enough to scratch glass and most metals. 
Its colour is usually greyish white ; but it is sometimes bluish, greenish, reddish, or 
brownish. It fuses without addition at the blowpipe into a white enamel. According 
to Klaproth, it is composed of silica, 77*0 ; alumina, 17*5; oxide of iron, 2; potassa 
and soda, 3 ; in 100 parts. The acids have hardly any action upon pumice-stone. The 
cliief localities of piirnico are, tho Islands of Lipari, Ponzfi, Ischia, Vulcano, Anderuach, 
upon the banks of tlie Khine ; in Tcneriffe, Iceland, and Auvergne, &c. 

PUMP. See IIydkaulic Maciiixery. 

PUUBSCKi MASBBS. A h.ard blitish-groy limestone, so called from its being 
found in the Isle of Purbock, where it occurs in the upper beds of tho formation of that 
name. Like tho Sussex marble, it is susceptible of a fine polish, and is crowded 
with the remains of a species of freshwater snail (Paiiidimi carmifera), and tho 
beauty of tho marble is the result of the pattern produced by tho sections of tho 
included shells. These latter are of a much smaller species than those which occur 
in the Sussex marble, and the clifterenco in the size of the shells affords an easy means 
of distinguishing between tho two marbles. 

Many old sepulchral monuments are partly composed of Purbeck marble ; as are 
also the slender shafts and columns of many of tho Gothic churches of this country, 
of whicli there are examples in the Temple Church in London, Westminster Abbey, 
Winchester and Salisbury Cathedrals, &e. 

Fine blocks of this niarble are still quarried in the Isle of Purbeck, but, except for 
ecclesiastical purposes, it is little used, in consequence probably of its inferiority to 
other marbles with regard to colour. — II. W. B. 

PUBPljB OP CASSZUS, Gold purple (Pourpre de CassiuSy Fr. ; Goldpurpury 
Ger.). 8eo Cas.sius, Puufle of. 

PUBPliB OP MOUiUSCA. A viscid fluid, secreted by the Buccinum lapUluSy 
and some other shell-tisli. The Tyrian dye of the Greeks, and Imperial Purple of the 
Jtomaiis, was in all probability obtained from tho same source, — the mollusca of tho 
Mediterranean Sea. See MritKXiDE. 

PTTBPXiB BTES. Tho purple dyes now obtained by more or less complex 
processes from coal-tar arc so incomparably superior to any others, both in brilliancy 
and permanence, that their production has opened up a new era in dyeing and calico- 
printing. See Axiltxe, &c. 

PURPUBXC ACZB is an acid obUiined by treating uric or lithic acid with dilute 
nitric acid. It lias a tine purple colour. See Muiibxide. 

PUBPUBZSV is tlie name of a colouring prinoi].)le, supposed by Robiquet and 
Colin to exist in madder. See Maduku. 

PU&RBB. A yellow colouring-matter, imported into Europe from India 
and China. It is said to be formed from the urine of &miels, elephants, and 
buflaloes, after the animals have eaten the fruit of the mangosteen. Stenhouse, 
liowever, believes it to be a vegetable extract mixed with magnesia. It is much 
used in tho manufacture of Indian yellow, which is employed in oil and water- 
colour painting. 

PUTRBrACTZOBT, and its Prevention. (FdidnisSy Ger.) Putrefaction is the 
spontaneous decomposition of albuminoid or protein and gelatine compounds, when 
exposed to a limited amount of air. It is the decomposition of bodies containing 
nitrogen, called by some persons azotised bodies, although they are produced only 
b> life, are the principal means of producing life, and more fitly called zoogens. 

Comlitions of the Prevention of Putrefaction. The circumstances by which putre- 
faction is counteracted, are; 1, the chemical change of the azotised juices; 2, the 
abstraction of water; 3, tho lowering of the temperature; and the ezdittioa of 
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Th« BQdthodi actually in use may be called salting, smoking, dicing, ex- 
oluaion of air, and parboiling. 

1. Th€ chtmioal changes of the azotieed juices,-— Tho substance which in dead animal- 
matter is first attacked with putridity, and which serves to communicate it to the solid 
fibrous parts, is ^bumen, as it exists combined with more or less water in all the animal 
fiuids and soft parts. In those vegetables also which putrefy, it is the albumen 
probably which first suffers decomposition ; and hence those }>lants which contain 
most of that proximate principle are most apt to become putrid, and most resemble in 
this respect animal substances. The albumen when dissolved in water, very readily 
putrefies in a moderately wurra air; but wlion coagulaU^d, it seems us little liable to 
putridity as fibrin itself. By this change it throws ott’ tlio superfluous water, bocomuK 
aoUd, and may then be easily dried. Hence those moans w'liich by coagulation make 
the albumen insoluble, or form with it a new' compound, which does not dissolve in 
water, but which resists putrefaction, are pow'orful uDtisoptieg, Whenever tlio 
albumen is coagulated, the uuoombined water may bo easily evaporated, and the 
residuary solid matter may be readily dried in the air, so as to be rendered unsus- 
ceptible of decomposition. 

Some acids combine with the albumen, w’itliout separating its solution; such 
is the effect of vinegar, citric acid, tartaric acid, &c. 

Tannin combines with the ulbumiDous and gelatinous parts of animals, and forms 
insoluble compounds, which resist putrefaction ; on which fact the art of tanning is 
founded. 

Alcohol, oil of turpentine, and some other volatile oils, likewise coagulate albumon, 
and thereby protect it from putrescence. The most remarkable operation of this kind is 
exhibited by wood-vinegar, chiefly in eiinsequeuee of tli({ ervamfe conbiined in it, 
according to the discovery of Ivuichenbai-h. This peculiar substance has so decided 
a power of coagulating albumen, that even tlu* minute portion of it present in pyro- 
ligneous vinegiir assists in preserving animal parts from putrefaction, w’hen they 
are simply soaked in it. Thus, also, flesh is cured by w^ood-smoke. Distilled wood- 
tar likewise protects tininml-mattcr from cliange, by tlie creas"le it contains. 'J'iie 
pyroligneous acid was said to contain live per cent, of creasotc ; it doe^ not do so now. 

ThemetJillic salts ojterate yet more effectually as antiseptics, because they form w'itli 
albumen still more intimate combinatirms. Under this head we class the grtmi ami 
red sulphates of iron, chloride of zinc, the acetate of lead, and corrosive sublimati' ; the 
latter, how’evor, from its poisonous qualities, cau be employed only on special occasions. 
Nitrate of silver, though equally noxious to lifr. is so aulisqilie tliat a Solution 
containing only the salt is capable of preserving animal -matter from ecjrrupti'jii. 

2. AbstraciUjn of water , — Even in tho.se ca.ses where no separation of the albumen 
takes place in a coagulated form, or as a S'>]id ]>reci)titate, by the oj'cratlon of a siibstanee 
foreign to the animal juices, putrel'acuon cannot go on, any more than other kinds of 
fermentation, in bodies wholly or in a great measure dej)rivcd of ilu ir water, as the 
albumen itself runs much more slowly into })utrt fafLion, when les.s water is cunUiim d 
in it; and in the desiccated slate it is as little susceptible of alteration as any otliar dry 
vegetable- or animal-matter. Hence, the j^rojMjr drying of an animal substance boeoiaes 
a universal preventive of putrescence. In this w'ay fruits, lierb.s, culAages, iisli, and 
flesh may be preserved from corruption. If tlie air be not cold and dry enough itj 
cause the evaporation of the fluids before putrescence begins, tlie organic substance 
must be dried by artificial means, such as by being exposed in thin slices in properly- 
constructed air-stoves. At a tempi'rature under 140'^ F., the albumen dries up w'ithout 
coagulation, and may then be redissolved in cold water, wdtli its valuable! properties 
unaltered. Mere desiccation, indeed, can hardly ever bo employed uym flesh. 
Culinary salt is generally had recourse to, either alone or with \hu addition of 
saltpetre oi sugar. These alkaline salts abstract water in their solution, and, conse- 
quently, concentrate the aqueous solution of the albumen ; whence, by converting the 
simple watery fluid into salt water, wdiich is in general less favourabli- to the fer- 
mentation of animal-matter than pure water, and by expelling the air, and j)robably by 
chemical oombinationfi, they counteract putridity. On this account suited meat may 
be dried in the air much more speedily and safely than fresh meat. The drying is 
promoted by heating the meat merely to such a degree as to consolidate the albumen, 
and eliminate the superfluous water. 

3. Defect of warmth, — As a certain degree of heat is requisite for the vinous 
fermentation, so is it for the putrefactive. If in a damp atmosphere, or in one saturated 
with moisture, if the temperature stand at from 70° to 80° the putrefaction goes 
on most rapidly ; but it proceeds languidly at a few degrees above freezing, and is 
anspended altogether at that point The mammoths found in the Siberian ice are 
WCPO& of the preservative influence of low temperature. In temperate climates, ice- 
lloiiBes aerve w purpose of keeping meat ixesh and sweet for any length of time. 
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4. Absiraction of oxygen gas. — As the putrefactive decomposition of ft body first 
commences with the absorption of oxygen from the atmosphere, so it may be 
retarded by the exclusion of this gas. It is not, however, enough to remove the 
uoriul oxygen from the surface of the body, but we must expel all the oxygen that 
may bo diffused among the vessels and other solids, as this portion suffices in general 
to excite putrefaction, if other circumstances be favourable. The expulsion is most 
readily accomplished l)y a boiling or lower heat, which, by expanding the air, 
evolves it in a great measure. Milk, soup, solution of gelatine, &c., may be kept 
long in a fresh state, if they be subjected in an air-tight vessel every other day to a 
boiling heat. Oxygenation may bo prevented in several ways ; by burning sulphur 
or phosphorus in tho air of the meat receiver; by filling this with compressed 
carbonic acid; or with oils, fats, syrups, &c., and then sealing it hermetically. 
Charcoal-powder recently calcined is efficacious in preserving meat, as it not only 
excludes air from tho bodies surrounded by it, but intercepts the oxygen by con- 
densing it, and causing it to combine with putrefying substiinces. When butchers’ 
moat is enclosed in a vessel filled with sulphurous acid, it absorbs the gas, and 
remains for a considerable time proof against corruption. The same result is obtained 
if the vessel be filled with ammoniacal gas. At the end of 76 days such meat has 
still a fresh look, and may be safely dried in the atmosphere. 

Peculiar Antiseptic Processes. — Upon tho preceding principles and experiments 
depend the several processes employed for protecting substiince.s from putrescence and 
corruption. Hero w’o must distinguish between those bodies which may be preserved 
by any media suitable to tho purpose, as anatomical preparations or (objects of natural 
history, and those bodies which, being intended for food, can bo cured only by whole- 
some and agreeable means. 

Preservation of specimens of animals^ ^c . — Many methods have been planned to 
preserve animals : all of them dependent on substances mentioned under Dis- 
infectants. Charles Watorton used corrosive sublimate dissolved in alcohol. The 
skin of tho animal being sepantod, is dipped into the solution and dried. The inside 
of the animal is always removed, tho bones scraped clean and dipped, tho feathers or 
hairs touched by tho solution, or tho whole immersed in it. Sometimes alcoliol of 
60 to 70 per cent, is used, or alcohol of 30 per cent, with creasoto dissolved in it. 
Sulphurous acid will not suit wdicn there aro colours, but sulphites of the alkalis 
have boon injected into tho veins and arteries with good result ; as also sulphurous 
acid and creasot/C. Peron preserved fishes for specimens on shipboard by floating 
them in an alcoholic liquor by corks, thus preventing them from being pressed. He 
first washed them in sea-water, vinegar, and camphor spirits : he corked the vessels 
with tiillowed corks. Dufresno wrapped each in a cloth with tow between the speci- 
mens, and all in alcoholic liquids. Louis Vcrnct used arsenic, 1 ll>. in 40 gallons of 
water. Sulphate of zinc was proposed for embalming by Comto do Pontiiinomoreau, 
sometimes adding alcohol. Wood is preserved by Kyan’s process, corrosive sublimate 
being used ; also by Bethel’s process, the use of heavy oil of tar ; and manures aro 
preserved by carholatos by MacDongall. Injection of tho arteries and veins by 
chloride of zinc, chloride of arsenic, and chloride of aluminium, sulphate of zinc, and 
sulphates, corrosive sublimate, &e., have all been tried, and are more or less satis- 
fiictory. Poppers and spices of all kinds have boon used in stuffing and embalming, 
and may all bo made to act when care is employed and abundance used, Girolamo 
Segato dried bodies so hard that he made a table of 214 pieces of hiimau flesh from 
different parts of the body. He is said also to have made members preserve their 
elasticity for an indefinite time. Some remarkable specimens of this kind are said to 
exist, Jind have received tho honour of sanctity. Watorton made skins preserv^e their 
flexibility for some days by the use of corrosive sublimate and slow drying. Dr. Ure 
says, ‘ for preserving animal bodies in an einbalnu'd form, mummy-like, a solution of 
chloride of mercury and wood-vinegar is most efficacious. As there is danger in 
manipulating with that mercurial salt, and as in tho present state of our knowledge of 
croasote, we have it in our jx)wer to make a suitiible strong solution of this substance 
in vinegar or spirit of wine, 1 am led to suppose that it will become the basis of most 
antiseptic preparations for tlie future.* 

CxTBINO OF PeOVISIONS, 

Flesh, fc . — The ordinary means employed for preserving butchers* meat are, drying, 
smoking, salting, and pickling or souring. 

Shying. — The best mode of operating is as follows The flesh must be cut into 
slices from 2 to 6 ounces in weight, immersed in boiling water for five or six minutes, 
and then laid on open trellis-work in a drying-stove, at a temperature kept steadily aI)OUt 
122° F., with a constant stream of warm dry air. That the boiling water xaay not 
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4iMi|>ate the soluble animaUmatters, very little of it sliould bo used, just enough for 
the meat to be immersed by portions in succession, wliereby it will sjieedily booomo 
a rich soup) fipesh water being added only as evaporation takes place. It is advan- 
tageous to add a little salt, and some spices, especially coriander- seed, to the water. 
A^r the parboiling of the flesh has been completed, the soup should be evn}K>rated 
to a gelatinous consistence, in order to fit it for forming a varnish to the meat after it 
is dried, which may be completely effected within tw^o days in the oven. By this 
process two-thirds of the weight is lost. The perfectly dry flesh must be plunged, 
piece piece, in the fatty gelatinous matter liquefied by a gentle heat ; then placed 
once more in the stove, to dry the layer of varnish. This operation may be repeated 
two or three times, in order to render the coat sufficiently uniform and thick. Butchers’ 
meat dried in this way keeps fur a year, affords, when cooked, a dish similar to that 
of fresh meat, and is therefore much preferable to salted provisions. The drying 
may be facilitated, so that larger lumps of flesh may be used, if they bo imbued with 
some common salt immediately after the parboiling process, by stratifying them with 
salt, and leaving them in a proper pickling tub for 12 hours Ixifore they are trans- 
ferred to the stove. The first method, however, affords the more agreeable article. 

Baron Cha. Wetterstedt enclosed meat in corn- or potAto-fiour, then dried it on shelves 
at 120° F. Graefer, in 1780, parboiled and then dried. Some have proposed to hang 
the substances up and to allow no air to approach without passing it first through 
chloride of calcium to diy^ it. Milk was formerly preserved by drying to a powder. 

Smoking . — This process consists in exposing meat previously salted, or merely 
rubbed over with salt, to wood-smoke in an apartment so distant from the fire as not 
to be unduly heated by it, and into which the smoke is admitted by flues at the bottom 
of the side walls. Here tlie meat combines with the (“ini^yrcuTnatie arid of the smoko, 
and gets dried at the same time. Tlie quality of the w’ood has an infliu'ijco u}X)n the 
smell aud taste of the smoke-dried inesat ; smoke from beecli wood and oak being 
preferable to that from fir and larch. Smoke from th(‘ twigs /ind IxTries of juniper, 
from rosemary, peppermint. &Cm imparts somewhat of the aromatic flavour of these 
plants. A slow smoking with a slender fire is ]>referable t') a niyiid and powerful 
one, as it allows the enipyreumatic principles time to penetrate into the interior sub- 
stiince, without drying the outside too mneh. To prevent soot from attaching itst‘lf 
to the provisions, they may be wrappe^i in cloth, or rubbed over with bran, w liicli 
may be aisily removed at the end of the operation. 

The process of smoking dejxmds upon the action of the wood-acid, or (he 
creasote volatilised with it, which oy>erates upon tlie flesh. Tins same change may bo 
produced in a much shorter time l.y immersing the meal for a lew hours in pyrolig- 
neous acid, then hanging it out in a dry air, whicli, though moderately warm, makes 
it fit for keeping, without any taint of jaitrescence. Alter a f»'W day.s’ exposure, it 
loses Uie ompyreuniatie smell, and then resembles thoroughly-smoked provisioiis. 
The meat dri^ in this way i.s in general somewhat harder than by tin* application of 
smoke, and therefore softens le.»s when c(K>ked, a diffirenco to lx* .ascribed to the more 
sudden and concentrated optTation of the wo<xl vinegar, whielt effects in a few liours 
what would require smoking for several weeks. 

Salting . — The meat should be rulibed well with common salt, containing abotit one- 
sixteenth of saltpetre, and one thirty-second th of sugar, till every ere vice lias l»een 
impregnated with it ; then sprinkled over with salt, laid down for 24 or 48 hours, and, 
lastly, subjected to pressure. It must next be sprinkled anew with salt, packed into 
proper vessels, and covered with the brine obtained in the act of pressing, rendertnl 
stronger by boiling down. For household purposes it is sufficient to rub the meat 
well with good salt, to put it into vessels, and l<jad it with heavy weights, in order to 
squease out as much pickle as will cover its surface. If this cannot be had, a piekle 
must be poured on it, composed of 4 jKmmls of salt, 1 pound of sugar, and 2 ozs. <-f 
saltpetre dissoh'ed in 2 gallons of w*ater. 

Mr. Fitch patented the use of a liquid containing 2 ewts. of common salt to the pro- 
duct of distillation of 2 cwts. of wood, adding sugar, treacle, and saltpt tre. Some 
people drive the salt in by force of pressure, some by centrilugal motion. 

Milk has been preservwl by the use of carbonate of soda, preventing acidity. Alum 
has been patented, for shellfish especially. See Milk, Condense j>. 

£. Mai^n injects the veins and arteries of carcases with a solution eonUining 10^ 
oe. of common salt and 31 of nitre in 21 pints of water. L>. ]{. Ixmg injects anti- 

S itresoent and flavouring substances, such as salt, saltpetre, spices, and vinegar. J. 

urdoeh injected chloride of aluminium, a veiy* powerful agent, common salt, and nitre. 
Brooman communicated a proposal to use, first, sulphurous gas, and then coat thick 
with a substance keeping out the air. Chloride of lime has also been used in 
Ambers holding meat» and sulphur has been burnt and nitrous gas has been evolved 

in sii&ilat plaoest 
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Preserving with vinegar^ sugar ^ — Vinegar dissolves or coagulates the albumen of 
flesh, and thereby counteracts its pubescence. The meat should be washed, dried, 
and then laid in strong vinegar. Or it may bo boiled in the vinegar, allowed to cool 
in it, and then set aside in a cold cellar, where it will keep sound for several months. 

Fresh meat may be kept for some months in water deprived of its air. If we 
strew on the bottom of a vessel a mixture of iron-filings and flowers of sulphur, and 
pour over them some water which has been boiled, so as to expel its air, meat im- 
mersed in it will keep a long time, if the water be covered with a layer of oil, from 
half an inch to an inch thick. Meat will also keep fresh for a considerable period 
when surrounded with oil, or fat of any kind, so purified as not to turn rancid of itself 
especially if the meat bo previously boiled. This process is called ‘potting.’ 

Eggs. — These ought to be taken new laid. The essential point towards their 
preseTvation is the exclusion of the atmospheric oxygen, as their shells are porous, 
and permit the external air to pass inwards, and to excite putrefaction in the albumen. 
There is also some oxygen always in the air-cell of the eggs, which ought to bo 
expelled or rendered inoperative, which may bo done by plunging them for 5 minutes 
in water heated to 140° F. The eggs must then be taken out, wiped dry, besmeared 
with some oil (not apt to turn rancid) or other unctuous matter, packed into a vessel 
with their narrow ends uppermost, and covered with sawdust, fine sand, or powdered 
charcoal. Eggs coated with gum arabic and packed in charcoal will keep fresh for 
a year. Lime-water, or rather milk of lime, is an excellent vehicle for keeping eggs 
in. Some persons coagulate the albumen pnrtially, and also expel the air by boiling 
tlio eggs for two minutes, and find the method successful. When eggs are intended 
for hatching, they should bo kept in a cool collar. Eggs exposed, in the holes of 
perforated shelves, to a constant current of air lose about of a grain of their W’eight 
daily, and become concentrated in tho albuminous part, so as to be little liable to 
putrefy. liach egg requires a hole in the shelf for itself. For long sea voyages, tho 
surest moans of preserving eggs is to dry up tlie albumen and yolk by first triturating 
them into a homogeneous paste, then evaporating this in !in air-stove ora water-bath 
heated to 125°, and putting up tho dried mass in vessels which may bo made air-tight. 
When used, it should be dissolved in 3 parts of cold or tepid water. 

The excellent process for preserving all kinds of butchers’ meat, fish, and poultry, 
first contrived by M. Appert is described in tho article Mkats, Pukserved. That 
article also contains a description of tho methods now practised for tho preservation 
of Australian moat, which at the present time is largely imported into this country. 

PUTTY POWDSR. Binoxido of tin, obtsiiried by treating metallic tin with 
nitric acid, when the metal is converted into hydrated metastannic acid, and this 
W’hen heated becomes anhydrous. In thi.s .state it is known as ‘puiUj powder, and is 
employed as a polishing agent ; it is also used to impart an opaque white colour to 
enamels and dial-pktes. 

PYRAROYHZTS, or DarJe-red SUver-orc. An antimonio-sulphide of silver, form- 
ing a valuable ore at Andreasberg in tho Hartz, in Mexico, and in Chile. See Silver. 

PYRETKRiniK. A gimus of plants belouging to the natural order Compositce. 
It contiins the feverfew and the pellitory of Spain. 

PYRZRZirfi, C*"H^N (C*H^). A volatile base homologous with picoline, 
liitidine, collidine, and parvoline. It w^as discovered by Anderson in lione-oil. It is 
also contained in Dorset shale, naphtha, coal-naphtlia, and in crude chinoline. 

PYRZTSS. A term originally applied to yellow sulphide of iron, because it 
struck fire with steel. It is in strictness still confined to this mineral ; but where 
sulphur exists in combination with copper, cobalt, or nickel, these minerals also are 
called pyrites. 

1. lro7i Pgrites, Mundic ; Schurfelkies, Eisenkics. — This important mineral is dimor- 
phous, crystallising both in the cubic and rhombic systems, tho latter variety being 
known by the special name of Marcasiie, or white iron pyrlies. Its composition is a 
bisulphide of irou, FoS'**, containing 46*7 per cent, of iron and 53'3 percent, of sulphur ; 
but on tbo largo scale it almost invariably contains gold, from mere traces up to a 
workable quantity (several ounces per ton), and by intimate association with copper 
pyrito.s, copper ; such varietie.s are know’ri as copper niundic, to distinguish them from' 
ordinary pyrites, or sulphur mundic, whose chief value is as a source of sulphuric 
acid. 

Cubical pyrites occurs in variously-modifioti crj^stals, the usual forms being cubes 
or pentagonal dodocaliodra, or combinations of both. The finest specimens are ob- 
tained in the iron mines of Elba and Travcrsella: the colour is of a brassy-yellow, 
w iti: a nearly black streak, and the hardness (6 to 7) about that of soft steel ; sp. gr. 
4-9 to 51. When heated alone, a portion of the sulphur is volatilised, leaving a mag- 
netic sulphide ; but with the access of air tho sulphur is burnt to sulphurous acid, and 
may bo c/)mplotely expelled, the iron passing into the state of peroxide, which, if 
VoL. III. X X 
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snffldeBtly ficee from other substances may be utilised as an iron ore. This is a recent 
application, the material so obtained being known as purple ore, or blue billy. Wlien 
exposed to moist air, pyrites becomes rapidly changed into sulphate of protoxide of 
iron, which, by a farther absorption of oxygen, gives rise to numerous complicated 
minerals, containing peroxide of iron and sulphuric acid, known as ]>asic persulphates. 
Harcasite is much more susceptible to such changes than the cubical form. When the 
oxidising action takes place very slowly, so that the sulphates may bo removed as tliey 
are produced, pyrites may become completely changed into hydrated peroxide of iron 
without change of form. This is commonly observed in pseudomorphous crystals of 
pyrites, the resulting minerals containing about the same percentage of iron as the 
original : the change takes place without any great alteration of volume. 

2. Magnetic Iron Pyrites, Pyrrhotinc. — This mineral crystallises in the hexagonal 
system, and occurs chiefly in the crystalline rocks, in veins with various ores, Its 
colour is between bronze-yellow and copper-red, with a pinchbeck-brown tarnish ; 
streak greyish-black ; it is more or less magnetic. When heated in an open tube it 
yields sulphurous acid fumes, but no sublimate ; before tlio blowpipe on charcoal in 
the reducing flame it fuses to a black strongly-magnetic globule ; it is soluble in 
hydrochloric acid, evolving sulphuretted hydrogen and depositing sulphur. According 
to G. Kose, this mineral always contains a larger proportion of sulphur than corresponds 
with the simple sulphide Fe8 ; and he adopts for it the farniiila 5FeS + Fe”S® ; corre- 
sponding with 60'44 iron and 39-»56 sul]>hur, which agrees very closely with tlio 
analyses that have been made by Stromeycr, H. Fo.se. and others. 

3. Mispickel ; Arsenical Iron; Arse7iikl:ivs. — This mineral crystallises in tlie 
rhombic system, and is also found ma.ssive, granular, or columnar, and disseminated. 
It is brittle, with an uneven fracture ; colour. silv(‘r-while, or almost sloel-^-rroy, ■with 
a gre^sh or ^’ellowish tarnish ; specific gravity 6 to 6 2. When lieated in a closed 
tube it yields first a red, then a brown sublim{ite of sulphide of arsenic, and then 
metallic arsenic. Some ^'a^ieties conbiin silver or gold, in others part of the iron is 
replaced by cobalt or nickel. Viewing it as a double sulphide and arsenide of iron, 
its formula would be FeS” + FeAs, which requires iron, 33*/) ; sulphur. 19*0 ; arsenic, 
46‘6. A specimen analysed by Plattner gave iron, 34-46 ; sulphur, 20-()7 ; arsenic, 
45‘46. Mispickel is common iu the mines of Freiberg in Saxony, and in the tin mines 
of Bohemia, Silesia, and in Cornwall. It is of no use as an ore of iron, but it is 
occasionally worked for the silver it contains, and as an ore of {irsenic. 

4. Lolingite, or Leucopyrite : Glanzarsenikkies ; Arsmmen, Mol i sine ; contains iron, 
sulphur, and arsenic. It occurs at Reichenstein in Silesia, iu serpentine, and is prin- 
cipally of interest from having been the first mineral from which gold was extracted 
by Plattner’s process of acting on the burnt residues .after the removal of arsenic with 
chlorine gas. (See Chlorixation.) Dana gives the following aij/iJyse.s of Lolingite : — 


Reichen stein 

Arsenic 

65-99 

Sulplmr 

1-94 

Iron 

28-06 

Kickel 

Col (Hit 

liofTninim 

Fo.ssinu 

70-09 

l-,33 

27-39 



SrJtcircr 

Schladming 

GO-11 

6 20 

13 •19 

i3-;;7 

,V1(> 

Hoffmann 


The name leucopyriie is derived from Acukos, hnkos. white, and pyrites ; it was glvi n 
to the species by Shepard in 1835, aiiiedatiiig IJaidinger's Lbliugifc and ChapmaiT.s 

Mohsine. 

6. Copper Pyrites, ChalcopyriU , Yclhm Coppir Ore.— The common copper ore of 
Cornwall. It appears to be a double sulphide of copper and iron ; its composition 
being, sulphur, 34'9 ; copper, 34 6; iron, 30 ;j. St-e Copper. 

6. Tin Pyrites, Sulphide of Tin ; Bell’in/ial Ore, — This mineral is found in many 
of the Cornish mines. Its composition is — sulphur, 30-0; tin, 27’2; copper. 29 7 ; 
iron, 131. 

The production of iron pyrites in the United Kingdom in 1872 and 1873 is sho-wn 

at top of next page. 

Imports of Pyrites of Iron, Cojtper, or Suljdtur, in 1874. 

500.831 tons; value 1,259,985/. 

Iron pyrites, or mundic, is a mineral which is largely employed in the mauufacturo 
of oopperaa and of sulphuric acid. The pyrites (‘ brasses ’) of the Coal-measures are 
used in the preparation of copperas. Mr. Kirwan, in liis ‘ Mineralogy,’ gives us the 
iollowitig passage, which shows that the changes which lake place in the sulphur 
dtesj^artud I^riies) had been well studied by him : — 

‘Vitriol is fumed in these stones by exposing them a long time to the action of the 
air and moisture, or by torrefaction in open air, and subsequent exj)osure to its action, 
which openUioB in some cases must be often repeated, according to the proj>ortion of 
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1S72 

1873 



Quantity 

Value 

Quantity 

1 

Value 

England : 


tons cwts.qrs. 

£ 

s. 

a. 

tons cwts.qrs. 

£ 

s. 

d. 

Cornwall 


2,176 

18 

0 

1,436 

ii 

1 

1,806 

2 

0 

1,367 

3 

2 

Devonshire 


2,768 

5 

2 

2,516 

11 

2 

2,732 

8 

0 

2,881 

14 11 

Durham and Kortliiimbei-liind 

y,250 

0 

0 

2,437 

0 

0 

2,460 

0 

0 

2,000 

0 

0 

Lancashire 


3,000 

(» 

0 

2,260 

0 

0 

2.275 

0 

0 

1,600 

0 

0 

Yorkshire 


3,560 

0 

0 

2,652 

0 

0 

.3,450 

0 

0 

2,500 

0 

0 

Stuifordshirc . 


4,000 

0 

0 

3,000 

0 

0 

3,750 

0 

0 

2,000 

0 

0 

Shropshire 


19 

6 

0 

9 

18 

0 

64 

0 

0 

32 

u 

0 

Wales : 














Anglcsea. 


.387 

0 

0 

171 

9 

0 

469 

16 

1 

803 

16 

G 

Oamarvonshire 


1,256 

5 

0 

564 

18 

0 

1,684 

0 

0 

757 

16 

0 

Carmarthenshire . 


1,614 

0 

0 

726 

0 

0 







Merionethshire 


964 

0 

6 

436 

0 

0 

179 

0 

0 

109 

0 

0 

Ireland 

• 

42,950 

10 

0 

23,265 

2 

6 

40,063 

17 

0 

22,034 


0 

Total . 


1 65,916 

3 

2 

.39,470 

10 

9 

58,924 

3 

0 

; 35,484 

3 

0 


sulphur, and tlie nature of the earth; the calcareous pyrites are those in which it is 
most easily formed, and they effloresce the soonest. Good pyrites, properly treated, 
yield about two-thirds of their weight of vitriol.’ See SuLPiiTruic Acid. 

In the chemical works of Yorkshire the ‘ coal brasses ’ are exposed in thin bods, 
which are often turned over to the action of the air. The sulphur is converted by 
the oxygen of the air into sulphuric acid, which combines with the iron, forming 
sulphate of protoxide of iron or copperas, which is dissolved out and crystallised. 
The same result may be obUdned more quickly by roasting the sulphur ores. 

Jioasting of Pyrites, — Figs. 1G94, 1695 represent a furnace which has been long 
employed at Fahluii in Sweden, and several other parts of that kingdom, for roasting 
iron pyrites in order to obtfiin sulphur. This apparatus was constructed by the cele- 
brated Gahn. Fig. 1691 is a vertical section, in the line hdno oifig. 1695, which is 
a plan of the furnace ; the top being supposed to be taken off. In both figures the 
conduit may be imagined to be broken off at c; its entire length in a straight line is 
43 feet beyond the dotted line cw, before the b€:nd, which is an extension of this 
conduit. Upon the slope a h of a hillock a be, lumps, r, of iron pyrites are piled upon 
the pieces of wood i, for roasting. A conduit, dfe, forms the continuation of the 
s[)aco denoted by r, which is covered by stone slabs so far as /, and from this point 
to the chamber, h, it is constructed in boards. At the beginning of this conduit there 
is a recipient, g. The chamber h is divided into five chambers by horizontal parti- 
tions, which permit the circulation of the vapours from one compartment to another. 
The ores r, being distributed upon the l-illets of wood i i, whenever these are fairl}' 
kindled, they are covered w'iih 
small ore, and then with rammed 
earth, I /. Towards the point m, 
for the space of a foot square, the 
ores are covered with moveable 
stone slabs, by means of which 
the fire may be regulated, by the 
displacement of one or more, as 
may be deemed necessary. The 
liquid sulphur runs into the re- 
cipient g, whence it is laded out 
from time to time. The sublimed 
sulphur passes into the conduit 
fe, and the chamber h, from which it is taken out, and washed with w^ater, to free 
it from sulphuric acid, W’itli which it i.s somewhat impregnated; it is afterwards 
distilled in cast-iron retorts. The residuum of the pyrites is turned to account in 
Sweden for the preparation of a common red colour, much used as a pigment for 
wooden buildings. 

Enormous quantitirs i)f iron pyrites exist in Spain, and are now being brought to 
this country. The sulphur ores contain a small quantity of copper, which increases 
their value. 

In the year 1838 the King of Naples granted a monopoly of Sicilian sulphur to 
Messrs. Eaix & Co. of Marseilles ; this had the effect of greatly incri^sing the price of 
that substance, and the immediate result was the employment of iron p^prites as a 
source of sul])hur in the manufacture of sulphuric acid. The consumption of this 

X X 2 
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imneial materially increased from that date, and for many years the supply was prin- 
eipally derived from the mines of Cornwall and from those of Wicklow in Ireland. 

About the year 1863 pyrites containing a small percentage of copper began to bo 
imported from Spain and Portugal, and considerable quantities of ordinary pyrites aro 
derived from Norway. The increased importance, however, of this branch of industry 
will be appreciated when it is stated that the annual importation into the United 
Kingdom of pyrites for the manufacture of sulphuric acid is about 450,000 tons, of 
which at least 821,500 tons contain a sufficient amount of copper to render its treat- 
ment, for that metal, commercially advantageous. 

The principal mines from which the chemical trade is now supplied with cupreous 
pyrites are those of Mr. James Mason at San Domingos in Portugal, and those of the 
Thaisis Sulphur and Copper Company in the south of Spain. The ores from these 
localities do not differ veiy materially from each other ; and tho following analysis, 
made by Mr. Claudet, of a specimen from Mr. Mason’s mines, may be taken as repre- 
senting an average sample : 

Anah/sis o f Mason's Ptiritcs. 


Sulphur 
Arscnicj . 
iron 

Copper . 

Zinc 
Lead 
Lime 
Insoluble rock 
Moisture 
Oxygen and loss 


Total 


48-90 

•47 

43-55 

3-10 

-35 

-93 

•20 

•73 

•70 

1-07 

100-00 


In the manufacture of sulphuric acid this pyrites is burnt in kilns supplied witli a 
limited amount of air; the products of combustion being thence conducted into leaden 
chambers, as in the wise of vitriol manufactured from ordinary briinstoiiL. The residue 
or ‘burnt ore^ was formerly, to a great extent, smelted for copper, and from tho large 
amount of oxide of iron present acted us a valuable flux for more siliceous ores. 

Burnt ore, resulting from the treatment of San Domingos pyrites, mfiy be taken as 
having the following averiige composition : — 

Analysis of Burnt Ore from the San Domingos Mines. 


Sulphur ...... 


. 3 -(>6 

Arsenic 


. -25 

Iron 


. 58-25 =-83 00 1V*0^ 

Copper 


4T4 

Zinc 


. *37 

Cobalt 


. traces 

Ivead 


. 1*24 

Lime 


•25 

Insoluble matter .... 


. I’OG 

Moisture 


3-85 

Oxygen and loss .... 


. 20-93 

Total .... 


100-00 


Silver 18 dwts. per ton. 

Soluble in water ; sulphate of copper, 4-12 per cent. «= 1-65 of copper 
The cinder, or burnt ore, which remains in the pyrites-kilns of the eulphurie-aci.l 
makers, although sometimes still smelted as a flux for other ores, is now general! v 
treated by a process of wet extraction, conducted in the following way * - 
pie ore from which the principal portion of sulphur has been removed by buniinir 
but which still retains from 3 to 6 per cent, of that body, and a nearly equal amount 
of comer, together with a little silver, is first mixed with 16 pet cent, of rock-salt 
and then reduced to a state of fine division, by being passed between powerful cru.sliin- 
rollers to which proper sieving apparatus is attached. 

5“ STonnd, and ultimately mixed with salt, is next calcined in a reverbe- 
furnace at a lew-red heat. By this calcination sulphur is oxidised, und the 
“‘4 cconbining with the sodium of the comiiiou salt, forms sodium 
j S becomes converted into chloride by the action 

of htorated hydro^lonc acid, and a highly soluble salt of that metal is the result. 

" '* ®0“<^“«‘®d in revolving mechanical furnaces, 

Wimcwhat similar to those employed for the calcination of tin ores in Cornwall ; in 
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other cases mnfflc-fiimaces are employed, whilst in many establishments open rererbe- 
ratory furnaces, heated by gas, are made use of ; the flame being first taken beneath 
the tile-bottom forming the hearth, and afterwards through the body of the furnace. 
Whatever may be the form of furnace adopted, the flues in connection therewith are in 
communication with a condensing tower, packed with crenulated brickwork, through 
whicli a spray of water is constantly descending, which thus acquires a sufficient degree 
of acidity to render it of value during the succeeding operation of washing. 

The acid waters from the condenser are also found to contain traces of copper, which 
is thus retained, and a certain amount of loss of that metal thereby prevented. When 
open furnaces aro made use of, the amount of copper recovered is exceedingly small, 
and of little or no commercial value ; it is however stated that when muffle-furnaces 
are employed, the quantity of that metal caught in the condensers is much more con- 
siderable. It must, however, be remember^ that close furnaces consume a much 
larger amount of fuel than open ones, and that the time required for the operation is 
when they aro employed much longer. It is therefore believed that any advantage to 
ho derived from the recovery of a somewhat larger amount of volatilised copper is, in 
the case of the muffle-furnace, more than counterbalanced by the loss of time expe- 
rienced and the increased expenditure of fuel. 

In the close furnace the calcination of encli charge of the mixture of ground burnt 
orc! and common salt occupies twelve hours. In the open furnace heated by gas a 
charge of three tons is drawn every six hours. On being withdrawn from the furnace 
the calcined ore, whilst still warm, is taken in iron waggons to lixiviating vats. 

These vary considerably in their dimensions, but a very convenient size is 11 feet 
square and 3 feet 6 inches deep. EjicIi tank is provided with a false bottom of per- 
forated tiles, supported on bricks placed on-edge, these are covered, to a depth of five 
inches, with sifted cinders, w’hich form a filter, and on this is placed the ore to be 
lixiviated. The charge of a tank of the dimensions above given is about 15 tons. 
Each charge of the lixiviating v<ats generally receives some eight or ten successive 
washings, cither with hot water, with weak copper-liquors, or with water acidulated 
by hydrochloric acid ; the necessary amount of the latter is usually obtained from the 
condensing towers attached to the establishment, but in the case of very refractory ores 
this is not always found to be sufficient. 

The washing-tanks require to be placed at a sufficient height above tlie floor to allow 
of the copper-liquors being tapped directly into wooden spouts, by which they are 
conveyed into a series of tanks of similar dimensions, where the copper is precipitated 
in the motallic state, by means of scrap-iron. This operation is facilitated by heating 
the solutions by a jet of steam conveyed into them through a leaden pipe. 

In orilcr to separate the cement-copper produced from the fragments of undissolved 
iron with which it is mixed, it is placed on a platform composed of plates of perforated 
east iron, which forms the head of a box or tank filled witli hot water to a depth of 
about four inches over the surface of the plates. It is here stirred briskly with an 
iron rake, ly w’hich the copper is made to ])a.ss tlirongh the holes in the ‘grid,’ whilst 
the fragments of iron, remaining on its surface, are raked off* into shallow baskets, in 
■wliich tiny are again taken to the precipiUiti ng v;its. 

The precipitated copper, which thus collects in the W'ashing-box, is subsequontl 3 ’ 
allow'ed to drain, and, after being dried in a properly -constructed stove, is either sold 
to the smelter.*^, or is fused and refined in the esttiblishment in wdiich it is produced. 
The j)recipitate thus obtiiined from Spanish and Portuguese pj-rites usually contiiins 
from 75 to 80 per cent, of copper, and a little over 20 oz. of silver per ton. 

The spent ore, remaining in the lixiviating tanks, is w'ashed until it retains only 
0'20 per cent, of copper, when it is removed for the reception of a fresh charge of 
calcined ore. This substance, wdiich is knowm as ‘purple ore,’ or ‘ blue billv,’ meets with 
a ready sale to tlie various iron works, where it is chiefly employed for the fettling of 
puddling furnaces, although it is also extensively employed in the blast-furnace. It 
lias the following averagt? composition : — 


Analysis of Vurplc Orc fro ni V 


Portuguese Pyrites. 


Eerrie oxide 96*00 

Lead, as sulphate 0*75 

Copper 0-20 

Sulphur 0*36 

Lime 0*40 

(Cobalt, Arsenic, and Cliloriii© . . . . • trace 

Phosphorus trace 

Soda 0*10 

Insoluble residue , , • . • . .2*11 


Total 99-92 
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Although it has been long known to those engaged in copper -extraction that Spanish 
pyrites contains a notable quantity of silver, together with distinct traces of gold, no 
successful attempt to render it available had been made up to the year 1870, when 
Mr. F. Claudet patented a process for the separation of this metal from ordinary copper- 
liquors by the i^dition of a soluble iodide. 

The amount of silver contained in burnt ore seldom exceeds 18 dwts. per ton, but as 
the whole of this is never obtained in solution, it follows, that in order to obtain satis- 
factory commercial results, the process adopted should be both economical and expe- 
ditious. 

The tanks in which burnt ore, roasted with common salt, is lixiviated, usually 
receive from eight to ten successive washings, and the liquors from the first three of 
these contain nearly 96 per cent, of the total amount dissolved ; the first three 
washings are therefore alone treated for the precious metals. For the purpose of 
removing the soluble salts from the roasted ore, hot water is first employed , nud, as a 
large proportion of the sodium chloride used remains undecomposed, it acts as a solvent 
for the silver chloride produced during the operation of fumacing. The analysis of a 
first washing from a lixiviating tank gave Mr. Claudet the following results : — 


Analysis of Strong Liquors. 


.Sp. Gr. = l*2J0 

Contents per prallon 

Sodium sulphate 

. ] 0-092 

„ chloride 

. 4-474 

Chlorine, combined with metiils 

. 4-g;jo 

Copper 

. 3-700 

Zinc 

4 so 

Lead . . 

40 

Iron 

3 ‘ ’ 

Calcium 

:,■) 

Silver 

3'OG 

Arsenic, antimony, bismuth, &c.. not estimated . 

. trace 

Proportion of copper to silver, 10,000 : 

8-2. 


The several operations for the recovery of the silver are conducted in the following 
manner, and, as the first three washings conUiin nearly the whole of that motnl, these 
are alone operated on ; — 

These liquors are first run into suitable wooden cisterns, each of a capacity of about 
2,700 gallons, where they are allowed to settle. 

The yield of silver per gallon of the solution is now ascertained by taking a measured 
.quantity, to which are added hydrochloric acid, potJissium iodide, and a solution of 
acetate of lead. The precipitate thus formed is thrown upon a filter, and, at'ter being 
dried, is fused with a suitable flux. Argentiferous lead is thus obtained in the form 
of a button of convenient size, which is passed to the cupel, and from the w’oight of the 
resulting silver the amount of that metal, in a gallon of the copper-liquors, is readily 
calculate. 

After thus determining the amount of silver contained in a gallon of the liquor to 
be operated on, it is drawn off into another vat, of slightly larger capacity than the 
settler, and, at the same time, the exact amount of some soluble iodide necessary to 
precipitate the silver present (a solution of kelp being employed by preference j is run 
into It from a graduated tank, together with a quantity of water equal to al)out one- 
tenth the volume of the copper-liquor. During the filling of the second tank its 
contents are constantly stirred, and, when filled, they are allowed to settle during 
48 hours. The liquors are then run off, and the tank is again filled ; the j)re- 
cipitate which is deposited in the bottom of these tanks is, about once a fortnight, 
washed into a vessel prepared for its reception. 

This precipitate is chiefly composed of a mixture of lead sulphate, lead chloride, 
silver iodide, and subsalts of copper, from which the latter are removed by washing 
with water acidulated by hydrochloric acid. Thus freed from copper, the precipitate! 
is decomposed by metallic zinc, which reduces the silver iodide comjjletoly, and also 
the lead chloride. The results of this decomposition are: 1st. A precipitate, rich in 
silver, containing a valuable amount of gold. 2nd. Zinc iodide, which, after being 
standardised, is employed in subsequent operations for the precipitation ol silver. 

The argentiferous precipitate finally obtained, after the decomposition of the iodides 
by metallic zinc, contains nearly 60 per cent, of lead, a trace of co]ij)ei-, and a 
little zinc; the amount of silver present varies from 1,600 to 2,000 oz. y)ertori; the 
yield of gold remains nearly constant at 20 oz. per ton. This process is emplciy tid at 
the Copper Extraction Works of Messrs. Muspratt Brothers and Bentley, Flint ; at 
those of Messrs. Morris & Co.j Stockwith-on-Trent ; and at those of the Widnes Metal 
Ca, Widnes. At the latter establishment the results of two years’ regular working 
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showed that 0’65 oz. of silver and 3 grs. of gold had been extracted from each ton of 
ore worked ; leaving a profit of nearly 3.s‘. per ton on the operation, after paying all 
expenses, including loss of iodide, &c. — J. A. P. 

PTXZTBS^ COBAZiT. See Cobalt. 

PntZTBS, COPPBB. See Copper. 

PTBZTSS, MAOPTBTIC. See Pyrites. 

PTBOACBTZC SPZBXT. See Acetic Acid. 

PTBOOABILZC ACZB. If gallic acid is carefully heated to about 400°, it is 
totally decomposed into carbonic acid and pyrogallic acid, which sublimes in brilliant 
white plates ; it is easily soluble in ether, alcohol, and water ; it reacts feebly acid, it 
fuses at 240°, and snldimes at 400°. If a solution containing peroxide of iron be 
added to a solution of pyrogallic acid, a black colour is struck, but the iron is rapidly 
reduced to a state of protoxide, and the liquor assumes a rich red tint. — Kane. 

Dr. Stcnhouse has fully investigated the formation of gallic and of pyrogallic acid ; 
to his papers on this subject those interested are referred. Pyrogallic acid has of late 
years been largely employed in Photography, which see. It has also been used to 
dye the hair a light brown. See Gall Nuts. 

PTBOZiZGiarBOirs ACZB. See Acetic Acid. 

The apparsitus represented in 1696 and 1697 is a convenient modification of 
that exhibited under acetic acid, for producing pyroligneous acid. Fig. 1696 shows 



the furnace in a horizontal section drawn through tlio middle of the flue which leads 
to the chimney. Fig. 1697 a vertical section talam in the dotted lino a*, .r, of fig. 
1696. The chest a is constructed with cast-iron plates liolted together, and has a 
capacity of 100 cubic feet. The w(x>d is introduced into it through tho opening h, in 
the cover, for which purpose it is cleft into billets of moderate length. The chest is 
lioated from tho subjacent grate e, upon which the fuel is laid, through the fire-door, d. 
The flame ascends spirally through the flues c e, round the chest, which terminate in 
tho chimney, /. An iron pipe, g, conveys the vapours and gaseous products from the 
iron chest to the condenser. TJiis consists of a series of pipes laid zigzag over each 
other, which rt'sts upon a framework of wood. The condensing tubes are enclosed in 
larger pijxs, i i\ a stream of cold water being caused to circulate in the interstitial 
spaces between them. Tho water passes down from a trough k, through a conducting 
tube Z, enters the lowest cylindrical case at wi, flows thence along the series of jackets 
I, 2 , i, being transmitted from the one row to tho next above it, by the junction-tubes 
o, 0 , 0 , till aty> it iMiiis off' in a boiliiig-liot sbite. The vapours proceeding downwards 
in an opposite direction to the cooling stream of water, get condensed into the liquid 
stiite, and pass off at q, through a discharge-pipe, into the first close receiver r, while 
tho combustible gases flow off* through the tube s, which is provided with a stopcock 
to regulate the magnitude of their flame under the chest. As soon as the distilmtion 
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18 fully set agoing, the stopcock upon the gas-pipe is opened ; and after it is finished, 
it must be idiut The fire should be supplied with fuel at first, but after some time 
the gas generated keeps up the distilling heat. The charcoal is allowed to cool during 
6 or 6 hours, and is then taken out through an aperture in the back of the chest, 
which corresponds to the opening n, Jiq. 1696, in tho brickwork of the furnace. 
About 60 per cent, of charcoal may be obtained from 1,000 feet of fir-wood, with a 
consumption of as much brush-wood for fuel. 

A new mode of distilling wood and producing this acid lias been introduced by 
Mr. W. H. Bowers, of Manchester. In the rectangular retort which is used there are- 
two revolving drums, one at eacli end. On those drums are endless chains ; on these 
chains there is formed a flat surface by moans of bars laid across. A hopper supplies 
this surface with the sawdust or other material to be heated. The surl’ace is some- 
what inclined. A very small engine is used to set the endless chain in motion. The 
sawdust is carried from tho upper end of the retort to the lower, during which time 
it is exposed to heat and becomes distilled. At its hnver end, as it is turning over the 
drum, it falls in a carbonised sUite into water. The vajxiurs are carried away by 
pipes, as in the usual method, and the water-joint at the lower part of the retort 
prevents any escape in that direction, whilst the thickness of tho mass of sawdust 
passing into the retort roadil}’ prevents any from passing out there. It is said that 
one retort can do the work of five of those made on Hiilliday’s plan with the screw. 
Two of them produce with slow motion 2,r)00 gallons of acid in six days. Tho 
motion may be increased at will, and heat regulated accordingly. There are scrapers 
to prevent charcoal clogging the bars forming the inclined plane, and the apparatus 
does not require to be stopped for any purpose of cleansing. It feeds and discharges 
continuously, from month to month. 

Sawdust, wood-turnings, small chips, spent dye-wood, and tanners’ bark, peat, and 
such like ligneous and carbonaceous substances, are distilled, and tlio carbon discharged 
as shown. 

It is believed also that the distillation is elfectcd more rapidly, and the gases more 
directly removed by tliis method, than by any other. 

Fi^, 1698 is a longitudinal section taken through the middle of the retort or 



rectangular vessel a, a, a; b, bare tlie revolving drums on which the endless cliairi r, c. e, 
revolves; /,/ are cross-bars or scrapers ; g, g, are tulx)s to convey tin; gases, one li-oni 
the lower and one from the higher point of the moving plane ; h is a ho})per fillud 
with sawdust and other material to be distilled ; the supply is regulated by two 
small cog-wheels «, i ;y, the fire-place ; k, k, the flues ; rn is a cistern showing the level 
of tho water and the carbon falling into it, the lower part of the retort dipping 
into it. See Acetic Acid ; Ceeosotk. 

VTMXiim. »See Explosive Agents. 

Vno&irsmk Native peroxide of manganese. .See Manganese. 

IPTBOBIVm. An instrument employed to measure temperatures which are too 
high to be determined by any thermometer. Some pjTometors have been ctmstrueted 
of bars of metal; the rates of expansion of which are known, and by wliicli, tlierefore, 
any high degree of heat conld be, witii some precision, determined. liu p\rometer 
of Wedgwood was formerly much employed; but it is a very defective instrument. 
It consists of two slightly convergent pieces of copper, between which a small cylinder 



PYROMETER 


681 


of clay is set ; the latter contracts by the heat, and the convergence is therefore in- 
creased. Its amount being measured, the heat to which the cylinder has been exposed 
can be calculated. 

A good pyrometer is an instrument much wanted. Messrs. Siemens Brothers have 
devised a pyrometer which essentially consists of a length of fine platinum wire 
doubled back upon itself, and coiled upon a cylinder of refractory clay. The ends of 
the coil are fastened to stout platinum wires of such a length that their farther extre- 
mities never reach a very high temperature, and these in their turn are connected 
by copper wires with binding-screws on the outside case of the pyrometer. The 
copper wires are inclosed in a stout tube of wrought iron, about 3’5 centimeters in 
diameters and 120 centimeters long, which projects from the furnace or other space 
whose temperature is required, and forms a handle and support for the whole in.stru- 
ment. The part to be inserted in the furnace, namely, the coil of platinum wire, is 
protected by a case or sheath, which is fastened by screws to one end of the iron tube. 

The indications depend on the changes which the electrical resistance of the platinum 
coil undergoes when its temperature is altered. Fi^. 1699 will fully explain the 

1699 



whole arrangement. In order to avoid tho errors which might otherwise arise from 
the lieating of tho leading wire.s connecting the pyrometer with the measuring appa- 
ratus, the undivided current of tho testing battery is convoyed by a wire, which passes 
down tho stem of the instrument, and is denoted by c in tho figure, to the beginning 
of the pyrometer-coil, where it divides into two parts ; one of which, after traversing 
the coil, is conveyed up the stem and back to the battery by tho wire marked x, while 
the other part is conveyed by a precisely similar wire, x', to tho standard against 
which tho coil is to bo measured. Thus, in the comparison, tho resistance-wire x acts 
as an addition to that of tho pyrometer-coil, and that of tho wire x' as an equal addi- 
tion U) the resistance of the standard. In the figure, g represents the resistiince coils ; 
K the platinum-silver resistance coils; b the testing battery; y the galvanometer; and 
^ the key. 

A committee of tho British Association was appointed to report on the action of this 
electrical pyrometer. fSome of their results will bo found in the ‘ Beports of the British 
Associate on for 1872 and 1873.’ 

An Acoustical Fyrcmieter , — At the American National Academy of Science, at Cam- 
bridge, U.S.A., an interesting paper has been read by Dr. A. M. Mayer, of Hoboken, 
on an acoustical pyrometer. He commenced by giving a description of his method of 
measuring the surfaces of sound-waves. An open organ-pipe, provided witha Konig’s 
nodal capsule, is connect'd with a small gas-jet placil in front of a revolving cubical 
mirror. Alongside of this jet is placed another of Konig’s capsules, also furnished 
with a gas-jet, and attached* to a heavy rubber tubing, some meters in length; to tho 
otlier eiiil of this tube one of Helmholtz’s resonators is attached by means of its beak. 
The resonator and organ-pipe must both be of the same note. On sounding the organ- 
pipe the gas-jet attached to its capsule is alternately increased and diminished, and 




682 


PYROTBCHNY 


this flame, Trhen viewed in the revolving mirror, appears to consist of a series of ser- 
rations ; while, if viewed when the pipe is not sonnding, it appears as a continuous 
band. If now the resonator be brought close to the month of the pipe, the flame 
attached to it is also agitated, and it is verj easy to make the serrations of one flame 
correspond with those of the other by slight changes in the adjustment. If the reso- 
nator be removed gradnally from before the mouth of the pipe, it will be seen that the 
serrations no longer coincide, but, at a certain point, the elevations of one flame coin- 
cide with the depressions of the other. On removing the resonator still farther, the 
eresta again combine, and c-n removing it still farther they again separate. On 
measnrement it is found that when the flames are in opposition, the distance of the 
resonator from its flrst position near the organ-pipe is just half a wave-length ; and 
when they again coincide, the distance is a whole wave-length. This same object may 
be accomplished in another way, namely, by increasing the len^h of the tube con- 
necting the resonator with its capsule. The resonators remaining stationary at the 
mouth of the pipe, the increased lengtli of tube w^hich it is necessary to add to make a 
trough correspond with a crest is equal to half a wave-length. He increases the 
length of the tube by means of two glass tubes, one of which .slides air-tight into tJic 
other. If, instead of increasing the length of the tube, the air is rarefied by lieating in 
the tube, the same object is accomplished — the same number of w'aves pass in a given 
time through the tube ; but if the air is heated, eacli wave is increased in length, and 
consequently part of the waves are driven, as it were, out of the tube. Therefore, if 
the tube is made of iron, platinum, or other suitable material, and placed in a furnace, 
we shall see, as the tube is gradually heated, the crest of the flame corresponding to the 
resonator gradually passing away from tlie crest of the other flame, and finally corre- 
sponding with the second crest, and then with the third, and so on. By counting the 
number of waves thus driven out, and knowing the length of the tube, it is easy to 
calculate the length of the waves remaining in the tube, and from these lengths the 
increased temperature. 

PT&OFBp or BoJiemian Ganict. From the mountains on the south side of Bohemia, 
imbedded in trap tufa. It occurs also at Zbblitz, in Saxony, in serpentine. 

PT&OPBOKirs. The generic name of any chemical preparation which inflames 
spontaneously on exposure to the air. The sulphide of potassium is u good cxam]i]o 
of this when it is prepared W’ith lamp-black, in the plact* of charcoal. 

PYBOTXCBBTT. {Feux d! artifice ^ Fr. ; Feucrv)crh\ G-er.) The composition of 
luminous devices with explosive combustibles is a modern art resulting from the. dis- 
covery of gunpowder. The finest inventions of this kind are due to the celebrated 
Iluggiori, father and son. who executed in Home and Paris, iind tlio principal capitals 
of Europe, the most beautiful and brilliant fire-works that were; ever seen. TJie fol- 
lowing description of some of their processes will probably prove interesting; — 

The three prime materials of this art are. nitre, sulphur, and chareoal, with filings 
of iron, steel, copper, and zinc, and resin, camphor, lycopodiunj, &c. Gunpowder is used 
either in grain, half-crushed, or finely ground, for diiibrent purposes. The longer 
the iron-filings, the brighter red and white sparks they give ; those being preferred 
which are made -with a very coarse file, and quite fj'eo from rust. Steel -filings and 
cast-iron borings contain carbon, and afford a more brilliant fire, with wavy radiations. 
Copper-filings give a greenish tint to flame; those of zinc a fine blue; colour; the 
sulphuret of antimony gives a less greeiiisli blue than zinc, but with much smoke ; 
amber affords a yellow fire, as well as colophoii3% and common salt ; biit the last must 
l>e very dry. Lamp-black produces a very red colour with gunpowub*r, and a pink 
with nitre in excess. 

Golden showers are formed with lamp-black and nitre ; yellow mieaceous sand is also 
employed for the same purpose. All the copper salts tinge tlie flame green; tliusi; 
of strontia a red colour; and baryta and its salts also impart a. peculiar green. 
Lycopodium bums with a rose colour and a magnificent flame; but it is princi])Mlly 
employed in theatres to represent lightning, or to charge the torch of a Idiry. 

Fire-works are divided into three classes: 1, those to be set upon the ground ; 
2, those which are shot up into the air ; and 3, those which act upon or under water. 
Composition faejeis of fire: gunpowder, 16 parts; charcoal, 3 ])arts. 

Bril^nt revdving-wheel ; for a tube less than J of an inch : gunpowder, IG ; steel- 
filing 8. \^en more than ? : gunpowder, 16 ; filings, 4. 

w jasmine fire; umeu less than | of an inch: f'lunpowder, 16; nitre, 8; 
charcoal (flne)i 8 ; sulphur, 3 ; pounded cast-iron borings (small), 10. When wider 
than I : gnnpowder, 16 ; nitre, 12 ; charcoal, 3 ; sulphur, 3 ; coarse borings, 12. 

A fixed brilliant; less than } in diameter: gunpowder, 16 ; steel-filings, 4 ; or gun- 
powder, 16, and flnely-pounded borings, 6. 

^ Fix^ suns are composed of a certain number of jets of fire distributed circularly, 
like the spokes of a wheel. All the fusees t(ike fire at once through channels charg^ 
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M'ith quick mutcljcs. Glories are lai^o suns with several rows of fusees. Fans are 
portions of a sun, being sectors of a circle. Patte d^oie is a fan with only thteo jets. 

The Mosaic represents a surface covered with diamond-shaped compartments, 
formed by two series of parallel lines crossing each other. This effect is produced by 
placing at each point of intersection, four jets of fire, which run into the adjoining 
ones. The intervals between tlie jets must be associated with the discharge of others, 
so as to keep up a succession of fire in the spaces. 

■ Cascades imitate sheets or jets of water. The Chinese fire is best adapted to such 
decorations. 

Fixed stars. The bottom of a rocket is to be stuffed with clay, the vacant space 
is to be filled with the following composition, and the montli covered with pasteboard, 
which must be pierced into the proparntion, with five holes, for the escape of the 


luminous rays, which represent a star: — 

Ordinary 

Brigliter 

Coloured 

Nitre .... 

16 

12 

0 

Sulphur .... 

4 

6 

6 

Gunpowder-meal 

4 

12 

16 

Antimony 


1 

2 


Lances are long rockets of small diameter, made with cartridge-paper. Those 
which burn quickest should bo the longest. They are composed as follows : — 

White lances : nitre, 16 ; sulphur, 8 ; gunpowder, 4 parts. 

Blueish-whUc lances: nitre, 16; sulphur, 8; antimon}^ 4 parts. 

Blue lances: nitre, 16; antimony, 8 parts. 

Ycllmn lances: nitre, 16 ; sulphur, 8; gunpowder, IG ; amber, 8 parts. 

Yellower lances: nitre, 16; sulphur, 4; gunpowder, 16; colophony, 3; amber, 4 
parts. 

Greenish lances : nitn*, 16; sulphur, 6 ; antimony, 6; verdigris, 6 parts. 

Pink lances : nitre, 16; gunpowder, 3; lamp-black, 1. 

Cordage is represented by imbuing soft ropes with a mixture of nitre, 2; sulphur, 
16 ; antimony, 1 ; resin of juniper, 1 part. 

The Bengal flames consist of nitre, 7 ; sulphur, 2 ; antimony, 1. This mixture is 
pressed strongly into earthen porringers, with some liits of quick-match strewed over 
the surface. 

Jiewfvhig suns are wheels upon whose circumference rockets of different styles are 
fixed, and which communicate by conduits, so that one is lighted up in succession 
after anotlujr. The composition of their common fire is, for sizes below J of an inch ; 
gunpowder-meal, 6 ; charcoal, not too fine, 3. For larges sizes ; gunpowder, 20 ; 
charcoal, not too fine, 4. For Jierg radiations: gunpowiier, 16; yellow micaceous 
sand, 2 or 3, For mixed radiations: gunpowder, 16 ; pitcoal, 1 ; yellow sand, 1 or 2. 

The waving or double Catherine wheels, are two suns turning upon the same axis in 
opposite directions. The fusees are fixed obliquely and not tangentially to their 
peripheries. The wheel-spokes are charged with a great number of fusees ; two of 
the four wings revolve in one direction, and the other two in the opposite ; but always 
in a vertical plane. 

The girandoles, caprices, spirals, and some others have on the contrary a horizontal 
rotation. The fire-worker may diversify their effects greatly by the arrangement and 
colour of the jets of flame. Let us tfiko for an example the globe of light. Imagine 
a large sphere turning freely upon its axis, along with a hollow hemisphere, which 
revolves also upon a vertical axis passing through its under pole. If the two pieces be 
covered with coloured lances or cordage, a fixed luminous globe will be formed, but 
if horizontal fuse(!s be added upon the hemisphere, and vertical fusees upon the 
sphere, the first will have a relative horizontal movement, the second a vertical 
niovemont, wliich, being combined with the first, will cause it to describe a species of 
curve, whose effect will bo an agreeable contrast with the regular movement of the 
hemisphere. Upon the surface of a revolving sun, smaller suns might bo placed, to 
revolve, like stiitellites round their primaries, 

Kuggieri exhibited a luminous serpent pursuing with a rapid winding pace a but- 
terfly which flew continually before it. This extraordinary effect was produced in 
the followung way: — Upon the summits of an octiigon he fixed eight equal wheels 
turning freely upon their axles, in the vertical plane of the oetfigon. An endless 
i'hain passed round their circumference, going from the interior to the exterior, cover- 
ing tho outside semi-circumferenco of the first, the inside of the second, and so in 
succession ; wluniee ai'ose the appearance of a great festooned circular line. The 
chain, like that of a watch, carried upon a portion of its length, a sort of scales 
pierced with holes for rucei\ing coloured lances, in order to represent a fiery serpent. 
At a little distance there was a butterfly constructed with white lances. The piece 
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was kindled commonly by other fire- works, which seemed to end in their pky, by pro- 
jecting the serpent from the bosom of the flames. The motion was communicated to 
the chain by one of the wheels, which received it like a clock from the action of a 
weight. This remarkably curious mechanism was called by the artists a salamander. 

The rockets which rise into the air with a prodigious velocity are among the most 
common, but not least interesting, fire-works, wlioii employed profusely they form 
those rich volleys of fire which are the crowning ornaments of a public fete. The car- 
tridge is similar to that of other jets, except in regard to its length, and the neces- 
sity of pasting it strongly, a.id planing it well ; but it is charged in a different manner. 
As the sky-rockets must fly off with rapidity, their composition should be s\ich as to 
kindle instantly throughout their length, and extricate a vast volume of elastic fluids. 
To effect this purpose, a small eylindric space is left vacant round the axis ; that is, 
the central line is tububar. The fire-workers call this space ‘the soul of the rocket’ 
{Vdmede la fusee). On account of its somewhat conical form, hollow rods, adjustal »le 
to different sizes of broaches or skewers, are required in packing the charge; which 
must bo done while the cartridge is susbiined by its outside mould, or copper cylinder. 
The composition of sky-rockets is as follows : — 


When the bore is . 

'i of nn inch ; 

4 to 1 ; 


Nitre .... 

16 

16 

16 

Charcoal 

7 

8 

2 

Sulphur 

4 

4 

4 

Brilliant Fire. 




Nitre .... 

16 

16 

16 

Charcoal . . . , 

6 

7 

8 

Sulphur . . . i 

4 

4 

4 

Fine steel-filings . . | 

o 

4 

0 

Chinese Fire. ! 




Nitre . 

16 i 

16 

16 1 

Charcoal . . . i 

4 

6 

6 1 

Sulphur 

8 

3 

4 

Fine borings of cast iron 

o coarser j 

^ ! 

[} 


The cartridge being charged as above described, the j)ot must be adjusted to it, with 
the ^ar7titure ; that is, the serpents, the crackers, the stars, the showers of fire, (Src. 
The pot is a tube of pasteboard wader than the body of the rocket, and about one- 
third of its length. After being strangled at the bottom like the mouth of a phial, it 
is attached to the end of the fusee by means of twine and paste. These are uftenvards 
covered with paper. The garniture is introduced ]»y the neck, and a paper plug is 
laid over it. The whole is enclosed within a tube of pasteboard terminating in a 
cone, which is firmly pasted to the pot. The quiek-iuatch is now finally inserted into 
the soul of the rocket. The rod attached to the end of the sky-rockets, to direct tlu ir 
flight, is made of willow or any other light w'ood, M. lluggieri replaced the rod l^y 
conical wings, containing explosive materials, and thereby made them fly farther and 
straighter. 

The garnitures of the sky-rocket pots are the follow ing : — 

Stars are small, round, or cubic solids, made with one of the following compo- 
sitions, and soaked in spirits. White stars: nitre, IfJ; sulphur, 8; gunpowder, o. 
Others more vivid consist of nitre, 16; sulphur, 7 ; gunpowder, 4. 

Stars for golden showers: nitre, 16; sulphur, 30; charcoal, 4; gunpowder, 16; 
lamp-bla^ 2. Others yellower are made with nitre, 16; sulphur, 8; charcoal, 2; 
la^-black, 2 ; gunpowder, 8. 

The serpents are small tosees made with one or two cards ; their bore being less 
than half an inch. The lardons are a little larger, and liaA^e three wirds. The rctilles 
are smaller. Their composition is, nitre, 16; charcoal, not too fine, 2 ; gunpow'der, 
4 ; snlphnr, 4 ; flne steel-filings, 6. 

The petards are cartridges filled with gunpowder and strangled. 

The saxons are cartridges clayed at each end, chargisd with the brilliant burning 
fire, and perforated with one or two holes at the extremity of tlie same diameter. 

The cracker is a round or square box of pasteboard, filled with granulated gun- 
powder, and hooped all round with twine. 

Soman candles are fusees which throw out very bright stors in succession. With 
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the composition (as under) imbued with spirits and gum-wator, small cylindric masses 
are made, piercea with a hole in their centre. These bodies, when kindled and pro» 
jocted into the air, form the stars. There is first put into the cartridge a charge of 
fine gunpowder of the size of the star ; above this charge a star is placed ; then a 
charge of composition for the Roman candles. 

The stars, when less than f of an inch, consist of nitre, 16 ; sulphur, 7 ; gunpowder, 
5. When larger, of nitre, 16; sulphur, 8; gunpowder, 8. 

Roman candles, nitre, 16 ; charcoal, 6 ; sulphur, 3. When above J of an inch, 
nitre, 16; charcoal, 8; sulphur, 6. 

The girandcs, or l)ouquot8, are those beautiful pieces which usually conclude a fire- 
work exhibition ; when a multitude of jets seem to enblazon the sky in every direc- 
tion, and then fall in golden showers. This eflTect is produced by distributing a 
number of cases open at top, each containing 140 sky-rockets, communicating witli 
one another by quick-match strings planted among them. The several cases coni- 
municjite -with each other by conduits, whereby they take fire simultaneously, and 
produce a volcanic display. 

The water fire-works are prepared like the rest ; but they must be floated either by 
wooden bowls, or by discs and hollow cartridges fitted to them. 

Blue fire for lances may be made with nitre, 16 ; antimony, 8 ; very fine zinc-filings, 
4. Chinese paste for the stars of Roman candles, bombs, &c. : — Sulphur, 16 ; nitre, 4; 
gunpowder-meal, 12 ; camphor, 1 ; linseed oil, 1 ; the mixture being moistened with 
spirits. 

Theyc«« Gregeois of Ruggieri, the son : — Nitre, 4 ; sulphur, 2 ; naphtha, 1 

The red-fire composition is made by mixing 40 parts of nitrate of strontia, 13 of 
flowers of sulphur, 6 of chlorate of potash, and 4 of sulphuret of antimony. 

Green fire may ha made by using nitrate of bar3da, instead of nitrate of strontia. 
Chloride of thallium also imparts a fine green colour to pyrotechnic mixtures. 

White fire h produced by igniting a mixture of 48 parts of nitre, 131 sulphur, 7J 
sulphuret of antimony ; or, 24 nitre, 7 sulphur, 2 realgar ; or, 75 nitre, 24 sulphur, 
1 charcoal ; or, finally, 100 of gnnpowder-meal, and 25 of cast-iron fine borings. 

The blue-fire composition is, 4 parts of gunpowder-meal, 2 of nitre, sulphur and 
zinc, each 3 parts, 

Picrato of ammonia is now used for tho production of very brilliant coloured flames. 

Prof. Church has published the following very interesting process for the pro- 
duction of coloured flames : — Bibulous paper is soaked for ten minutes in a mixture 
of 4 parts, by measure, of oil of vitriol with 5 parts of strong fuming nitric acid, and 
when washed out thoroughly with warm distilled water, is dried at a gentle heat. 
The gun-paper thus prepared is then saturated with chlorate of strontium, with chlorate 
of barium, or wdth nitrate of potassium, by immersion in a warm solution of these 
salts ; a solution of chlorate of copper also may be used. If, after complete drying, 
a small pellet of any of these papers be made, lighted at one point at a flame, and 
then thrown into the air, a flash of intensdy-coloured light is produced, while tho 
combustion is so perfect that there is no perceptible ash. Tho barium salt gives 
a beautiful green light, the strontium salt a crimson, tho pottissium salt a violet, and 
the copper salt a fine blue. The chlorate may be prepared sufficiently pure for these 
ex{)erinients by mixing warm solutions of tho chlorides of barium, strontium, or 
copper, with an equivalent quantity of a warm solution of chlorate of potassium. 
The clear liquid is to be poured off the precipitated chloride? of potfissium, and 
employed for the saturation of different portions of the gun-paper. Tho foregoing 
makes an admirable lecture-experiment, for illustrating the colours imparted to flame 
by barium, strontium, and other salts. 

PntOXAlTTBZn’fi. A substance detected in pyroxylic spirit by Mr. Scanlan. 
He thus describes this compound : — 

If potash-water be added to raw wood-spirit {pyroligneous), as long as it throws 
down anything, a precipitate is produced, which is pyroxanthine, mixed with tiirry 
matter. The precipitate is to bo collected on a filter-cloth, aud submitted to 
a strong pressure between folds of blotting-paper ; it is next to be washed with cold 
alcohol, spec. grav. 0*840, in order to free it from any adhering tarry matter; when 
the pyroxyline is left nearly pure. If it bo dissolved in boiling alcohol, or hot oil 
of turpentine, it crystallises regularly on cooling, in bright square prisms, of a fine 
yellow colour, that look opaque to the naked eye, but when examined under the micro- 
scope, have tho transparency and colour of ferroprussiate of potash. Its turpentine- 
solution affords crystals of a splendid orange-red colour, having the appearance of 
minute plates, whose form is not discernible by the naked eye, but when examined 
by the microscope, they are seen to be thin right rectangular prisms. The orange- 
red colour is only the effect of aggregation; for when ground to powder, these 
crystals become yellow ; and under the microscope, tljo difference in colour between 
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the two is very slight. Its melting-point is 318° Fnlir. It sublimes at 300° in free 
air; heated in a close tube in a bath of mercury, it emits vapour at 400°; it then begins 
to decompose, and is totally decomposed at 600°. Sulphuric acid decomposes it, 
producing a beautiful blue colour, which passes into erhnson, as the acid attracts 
water from the atmosphere, and it totally disappeai’s on plentiful dilution with water, 
leaving carbon of a dirty brown colour. Its alcoholic or turpentine-solution imparts 
a permanent yellow dye to vegetable- or animal- matter. 

Pyroxanthine consists, according to the analysis of Drs. Apjohn and Gregory, of 
carbon, 76*276; hydrogen, 6’G09; oxygen, 19*116, in 100 parts. 

VTftOZTXiZC 8PZ&ZT. Syns. Pyroligneema spirit, Pt/roligiieous ether, Wood-spirit , 
Wood-napMhai Methylic alcohol^ Hydrate of methylc. Hydrated oxide of methylv. 
C*H^O*e=:C“H*0,HO (CH*0). Density of strongest wood-spirit at 32°, 0*8 179. 
Density at 68°, 0798. Density of vapour, 1-12 = 4 volumes. Boiling-point, ]50°Faiir. 

Wood-spirit was first recognised as a distinct substance by Ta3uor, in 1812. Its 
true nature, however, was unknown until the appoariince of the important research of 
MM. Dumas and Peligot, in 1836. 

i^roxylic spirit is obtained from the liquid products of the distillation of wood by 
taking advantage of its superior volatility. The crude wood-vinegar, if distilled yer 
se, yields up to a certain point highly impure and weak spirit. It is, however, free 
from ammonia and alkaloids. If, on the other hand, the vinegar is first neutralised 
by lime or soda previous to the distillation of the spirit, it is rendered more free from 
acetate of methyle and some other impurities, but it then contains alkaloids and 
ammonia. At times the quantity of the latter substance present is so hirge thet the 
spirit smokes strongly on the approach of a rod dipped in hydrochloric or acetic acid. 
In order to apply this test, it is obvious that the hydrochloric acid must be dilut ed until 
it does not fume by itself. By repeated rectifications over lime or chalk, rejecting 
tlie latter portions, the wood-spirit may be obtained colourless, and of a strength 
varying from 80 to 90 per cent, of pure spirit, the specific gravity being from (1-870 
to 0-830. 

Inasmuch as wood -spirit boils ;:t a temperature far less than the point of ebullition 
of the impurities ordinarily found in it, it may always be greatly im])rove(l in solvent 
power, appearance, and odour, by mere rectification on the water-bath or in a recti - 
fying-still. But, nevertheless, a certain quantity of the more volatile impurities 
always accompany the methylic alcohol, being carried over -with its vapour. Among 
the foreign bodies may be mentioned the hydrocarbons of the benzole series. These 
may be entirely removed by mixing the crude spirit with three or four times its 
volume of water ; the hydrocarbons arc thus rendered insoluble and rise to the surface 
of the fluid. By means of a separator the lower layer may be removed, and after two 
or three rectifications, at as low a temperature as possible, tiie spirit may lie procured 
quite clean. 

To^ obtain wood-spirit quite pure it is generally recommendcid to mix it with 
chloride of calcium, and again rectify on a steam- or water-bath. By operating in 
this manner, the methylic alcohol combines with tlie chloride of calcium, forming a 
compound not decomposable at the temperature of the water-bath. UIk* impurities 
present therefore distil away, leaving in the still a compound of pure methylic alcohol 
with chloride of calcium. But this latter compound possesses little stability, and 
may be decom^sed by the mere addition of water, which liberates the spirit. It is 
then to be distilled away from the salt, and after one or two rectifications over quick- 
lime will be quite pure. 

It is highly important that wood-spirit should be of considerable purity if required 
for the purpose of dissolving tlie gums. It is true, that so far as its use for dissolving 
shellac is concerned, there is no need for extreme purity, as shellac will dissolve 
in most specimens of wood-spirit. But it is not in this case the mere solvent power 
that is required ; for if a solution of shellac in impure wood-spirit be employed by 
hatters, the vapour evolved is so irritating to the eyes that the workmen are unable to 
proceed. If the spirit has the property of fuming on the appro;ich of a rod dipped 
in a^ic or hydrochloric acids, it may be taken for granted tliat it will be incupablo 
of dissolving gum-sandarach. This arises from the fact that such spirit has been 
distilled from an alkaline base, such as lime or soda, and contains alkaloids, ammonia, 
and various other impurities which destroy its solvent power. The alkaline reaction 
may be destroyed and the spirit render^ fit for use by adding 2 or 3 per cent, of 
sulphuric acid and then distilling. The alkaloids and many other impurities w ill 
then be retained, and the spirit may either bo used at once or still further purified 
by dilution with water and subsequent rectification. It is jxissible to combine the 
two processes at one operation, by diluting the spirit, with four times its bulk of water, 
and ^dingji^ enough oil of vitriol to the diluted liquid to give it a faint acid 
waction to litmus-paper. It is absolutely essential to the sucx*ess of this process 
that the mixture of spirit, water, and acid be perfectly well mixed. 
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A wood-spirit whicli refuses to dissolve sandarach may often bo rendered a good 
solvent by adding from 6 to 7 por cent, of acetone. See Acetotne. 

When wood-spirit is required in a state of extreme purity for the purpose of 
research, it may be obtained by distilling oxalate of methyle with water. Oxalate of 
methyle, or methyle oxalic ether may bo prepared by distilling c^ual parts of 
sulphuric acid, oxalic acid, and w'ood-spirit. The distillate when evaporated very 
gontly yields crysbils of the compound in question. As it does not volatilise below 
322*^ F., the retort containing the materials for its preparation requires to bo pretty 
strongly heated to bring the ether over. It may bo purified by sublimation from 
oxide of lead. 

Pure methylic alcohol is a colourless transparent liquid, neutral, very inflammable, 
burning with a blue flame like common alcohol. It has a very nauseous flavour, 
and is fior^ in the mouth. It dissolves in any proportion in water, alcohol, or 
ether, and is a good solvent for fatty bodies and certain resins. It is luisciblo with 
essential oils. 

Wood-spirit may bo detected oven when greatly diluted with alcohol, by the brown 
colour which it assumes in presence of solid caustic potash. Even when alcohol con- 
tains only 2 per cent, of wood-spirit, it acquires a yellow tint in ton minutes ou 
addition of powdered caustic potash. In half an hour the cohjur becomes brown. 

According to Mr. Maurice Scanlan, wood-spirit may be distinguished from acetone 
(with which it appears to have sometimes been confounded in medicine), by the 
action of a saturated solution of chloride of calcium, which readily mixes with the 
former, but sop/irates immediately from tlio latter. 

Wood-spirit is but .seldom employed now in the arts, as it is generally cheaper and 
more convenient to use the mixture of 90 parts of spirit of wine with 10 parts of 
purified wood-spirit, whicli is now permitted by Government to be employed free of 
duty under the title of ‘methylated spirit.’ 

Tlio following table contains the percentages of pure wood-spirit of the specific 
gravity 0*8130 in various mixtures; the temperature at w'hich the experiments 
must bo mnde to correspond with the above table being 60° F. — 


! Sj'ocific 
gravity 

1 

spirit 
jK‘r cent. 

Over Excise 
l>roof 

Specific. 

gravity 

Ileal spirit 

I^er cent. 

Over or under 
proof i 

i 

1 *8136 

100*00 


•9032 

68*50 

1 

13*10 

•8216 

08*00 

64*10 

•0(K>0 

67*56 

11*40 

•8256 

96-11 

61*10 

•9070 

66-66 

9*30 

•8320 

94-34 

58*00 

•9116 

6500 

7-10 

•8384 

92-22 

55*50 

•9154 

63*30 

4-20 

•8418 

90-90 

52-50 

•9184 

61-73 

2-10 

•8470 

89-30 

49-70 



Under proof 

•8514 

87-72 

47-40 

•9218 

60-24 

0-60 

•8564 

80-20 

44-60 

•9242 

58-82 

2-50 

•8596 

84-75 

42-20 

•9266 

57-73 

4 00 

•8642 

83-33 

39-90 

•9296 i 

56*18 I 

7-00 

•8674 

1 82-00 

3710 

•9344 i 

63-70 

11 00 

•8712 

80-64 

i 35-00 

•9386 

51-54 1 

15-30 

•8742 

79-36 

32-70 

•9414 

50*00 

17-80 

•8784 

78-13 

30-00 

•9448 

47-62 1 

20-80 

•8820 

77-00 

27-90 

•9484 

46*00 

25-10 

•8842 

75-76 

26-00 

•9518 

43-48 

28-80 

•8876 

74-63 

24-30 

■9540 

41-66 

31-90 

•8018 

73-53 

22-20 

•9564 

40*00 

34-20 

•8930 

72-46 

20-60 

•9584 

38*46 

35-60 

•8950 

71*43 

18-30 

•9600 

37-11 

38-10 

•8984 

70-42 

16-30 

•9620 

35*71 

40-60 

•9908 

69*44 

15-30 

! 

i 



According to M. Dcndlle, the above table is not absolutely correct, the spirit used by 
Dr, Ure not having beeu entirely free from water. M. Deville’s numbers are as follow: 

Percentage of 

Specific gravity wood-splrifc 

0-8070 100 

0*8371 90 

0-8619 80 

0*8873 70 
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Specific gravitj 
0-9072 . 
0-9232 . 
0-9429 . 
0-9676 . 
0-9709 . 
0-9761 . 
0-9867 . 


Porcenta^ of 
Avood -spirit 
. CO 
. 60 
. 40 

. 30 

. 20 
. 10 
5 


Wood-spirit unites with chloride of calcium with such energy that the liquid enters 
into ebullition. The product of the union is sufficiently stable to endure a heat 
considerably above the boiling-point of water, without giving off the alcohol. Water, 
however, destroys the compound, and enables the spirit to bo distilled away on the 
water-bath. 

Methylic alcohol, treated with solution of bleaching powder, yields chloroform, but 
the resulting product is not so fine as that prepared from the vinic alcohol. In 
fact, methylic alcohol is seldom or never found in commerce of such purity as to 
enable good chloroform to be prepared by the action of chloride of lime. Moreover, 
it should be mentioned that so acrid and pungent are the products of the actiou of 
chlorine on the bodies accompanying crude W'ood-spirit, that great danger would be 
incurred in using a chloroform containing oven minute traces of them. The following 
equation represents the action of the chlorine of the bleaching powder on wood -spirit : — 


C*fi< 0 ‘ + 4 C 1 = C-HCP + 2 nO + HCl. (CK'O + ftCl = CHCl^ + K^O + HCl.) 
Wood-spirit. Chloroform. C. G. W. 


PT&OZTXiZirX is one of the names given to gun-cotton. See Gun-cotton. 
PTMlBOTZirS. Magnetic pyrites. See PyitiTKs. 

PTBJtOXi. C’lPN A volatile organic base, discovered in coal- 

naphtha byJlunge. It has been chiefly studied b\ l)r. Anderson. Its vapf)ur pussi'sses 
tlie singular property of dyeing fir-w'ood, moistened with hydrochloric acid, a deep rial. 


Q 

QVAnrSTf THS. A kind of file. It is especially used for scruping zinc-plates 
for the process denominated anastatic printing. 

^VASTATZOV is the alloying of one part of gold, that Is to bo refined, 
with three parts of silver, so that the gold shall constitute one (juartcr of the whole, 
and thereby have its particles so far separated as to be able to protect the other mebils 
originally associated with it, such as silver, copper, lead, tin, palladium, &c., from the 
action of the nitric or sulphuric acid employed in the parting process. See Kki’INIno. 

QVASTZ. Silox ; pure silica in the insoluble suite. Quartz includes, as 
sub-species: Bock-crystal^ Bose -quartz. Amethyst, Prase or Chrysojirase, and several 
varieties of chalcedony, as Cat's-eye, Plasma, Chrysoprase, Onyx, Sardonyx, tVc. 
Lustre of quartz, \’itreous, inclining sometimes to resinous; eolours, very various; 
fracture conchoidal ; hardness, 7 ; specific gravity, 2-69. See Silica. 

QITAABXA is the wood of the root of the Quassia cxcelsa, a tree w hicli grow s in 
Surinam, the East Indies, &c. It affords to w-ater an intensely bitter decoction, which 
is occasionally used in medicine, and was formerly substituted by somi> brewers for 
hops, but is now prohibited under severe penalties. It afiords a safe and efficacious 
fly-water, or poison for flies. 

Qinunrs MBTAA. An alloy formed of 2 parts of tin and 1 part each of lead, 

antimony, and bismuth. 

Qinuurs WAJtB. See Pottery. 

Qimaw WOOB. See Brazil Wood. 

Qinunrs TBABOW. Turbith’s mineral ; the yellow^ sul^siilpnate of mercury. 

QBBBCZraOir is the bark of the Quercus niyra, or yellow' o;ik, a tree which 
grows in North America. The colouring principle of tliis yellow dye-stuff has been 
called Quercitron, by its discoverer, Chevreul. If forms small pale yellow spangles, 
like those of Aurum mutivum ; has a faint acid reaction, is j>reUy soluble in alcohol, 
hardly in ether, and little in water. Solution of alum devulopes from it, by degrees, 
a beautiful yellow dye. See Calico-Peintinq. 

QVZCXUMB. Caustic lime. See Liuk. 
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QUXCXSZIiVER. Jmiwricd in 1874, 2,988,447 lbs.; value £841,208. See 
Mercury. 

QVZXiE. See Feathers. 

QUnrZEZErs is one of the alkaloids obtained from the cinchona barks, and is 
found in most of thorn. The quantity, however, varies with the quality of the bark ; 
Cinchona Calisayay or yellow harky which is the most prized, containing quininey with 
but little, if any, quinidiney while some of the Loxa barks contain quinidincy and some 
cinchonine, and little or no quinine ; such are the H.O. Crown barks. 

Quinidine was discovered in 1833 by MM. Henry and Delandrc. It has the siimo 
composition as quinine, but is nevertheless a distinct 

alkaloid. 

It is obtained from the barks containing it in the same manner as quinine from the 
quinine-yielding barks; and owing to the employment of the inferior barks in the 
manufacture of this latter alkaloid or its sulphate, some quinidint' is always present 
in it, but from the greater solubility of the .salts of quinidine, they principally remain 
in the mother-liquors, from which the sulphate of quinine has crystallised. 

QXTZJHrZKTZi. This alkaloid is found, together with four other alkaloids, in the 
cinchona barks, of which there are numerous varieties, some containing principally 
quinine, as the Calisaya or yellow bark, which is the most valuable of all the barks 
on that account ; others containing principally quinidine and cinchomnc, with but 
little quinine. 

Quinine is the principal of these alkaloids, and is now manufactured on a very 
large scale for medicinal purposes, it being a valuable tonic and febrifuge. 

It was usually prepared from the C. CaVisaya, but, owing to the scarcity and high 
price of this bark, several of the inferior barks have been employed in its manu- 
facture, and on that account the quinine of commerce frequently contains some of the 
other alkaloids. The sulphate is the only salt of quinine which is manufactured for 
comTuercial purposes, and is generally known, though improperly, as ‘ Disulphate of 
quinine.’ 

The following is the process most generally followed in the manufacture of this 
salt ; — The coarsely-powdered bark is digested with hot dilute sulphurii*. or hydro- 
chloric acid for one or tAvo hours; the liquor is strained off, and the bark treated 
with a fresh portion of still more dilute acid for the same time. This process may be 
rcj)eated a third time, but the liquor then obtained, containing so little quinine, is 
us(d for a fresh portion of bark. The liquors from the first and second digestions are 
strained and mixed, and are then mixed "with lime, magnesia, or cai‘bf>nato of soda, 
until tlie liquid acquires a slight alkaline reaction, wliich imiy lie known by its 
turning red litmus-paper blue. Owing to the solubility of quinine, to a certain 
extent, in milk of lime and chloride of calcium, carbonate of soda is the be.st to bo 
u.sed for thi.s purpose. A f)recipitato is formtHl, which is separated from the super- 
iiatiint liquid by straining through a cloth. This dark-coloured mass, which contiiins 
the alkaloids, colouring-matter, some lime, and .some sulphate of lime, — these latter, of 
course, only when both lime and sulphuric acid have been used in tlie process, — is 
trcaUnl with boiling ordinary alcohol, which dissolves tho alkaloids and colouring- 
matter. Thi.s solution is filtered, and tho greater part of tho alcohol removed by 
distillation, when a. brown viscid mass remains ; thi.s is treated wdth dilute sulphuric 
acid, till the solution remains slightly acid ; this solution is then digested with animal- 
cliarcofil, filtered, evaporated, and allowed to cool, when the sulphate of quinine 
crystallises out, together with some sulphate of quinidine or cinchonim% according to 
the barks Avhicli have been employed; but, owing to the groat tr .solubility of these 
latter salts than the sulphate of quinine, they principally reTuain in the mother- 
liquors. Whenj^^wr^ animal -charcoal has not been used, the sulphate of quinine is 
likely to be cont-iminated with some sulphate of lime, formed l)y tho action of tho 
sulphuric acid on tho lime in the animal -charcoal ; and in this process also some 
quinine is likely to bo precipitated by tho lime and lost in the animal-charcoal. 

In order to separate the sulphate of quinine thus obtained from the sulphates of 
quinidine and cinchonine, advantage is taken of tho greater solubility of the two 
latter sails, as above mentioned, and by several crystallisations the sulphate of quinine 
may be obtained nearly free from these salts. The quantity of sulphate of quinine 
obtained from each pound of bark of course varies with the bark used. Some of the 
best Calisaya bark will yield half an ounce of the sulphate from every pound of bark, 
while many other barks which are used in the manufacture of sulphate of quinine 
do not. yield a quarter of an ounce. 

A process has been patented by Mr. Edward Herring for the manufacture of- 
sulphate of quinine without the use of alcohol, and it yields the article known as 
‘ hospital, fiuhjhate of quinine’ at the first crystallisation and without the use of animal- 
charcoal. Tile following is the outline of the process : — 

VoL. III. Y Y 
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The powdered bark is boiled in solution of caustic alkali (soda preferred), which 
removes the useless extractive, gummy matters, and colouring-matter. After being 
well boiled, the bark is washed and pressed. This process of l)oiling with alkali, 
&c., may be repeated, if necessary, and the bark, after being well washed and pressed, 
having become decolourised, is boiled with dilute sulphnric acid, being kept con- 
stantly stirred whilst boiling. After the separation of the liquid, the baTk is boiled 
with a second portion of dilute acid, and sometimes with a third ; but the liquid from 
the last boiling is kept to be used for a fresh portion of bark. The first and second 
portions are mixed, strained, and treated with soda, which precipitates the alkaloids ; 
the precipitate is washed and pressed, and then digested with dilute sulphuric acid, 
which dissolves the alkaloids ; this solution is evaporated and allowed to cool, when 
the sulphate of quinine crystallises out, accompanied with some sulphates of quinidine 
and cinchonine, if the bark employed contained these latter alkaloids in any quantity. 
The sulphate of quinine thus obtained is dried, and forms the unl)loached or hospital 
quinine. When the sulphate of quinine is required quite pure, this is treated with 
2 fure animal -charcoal, and subjected to two or three further crystallisations. 

It will be seen that the principal points in this process are the extraction of the 
colouring-matter by the caustic alkali and the use of p7(re animal-charcoal in 
producing the perfectly white sulphate, wliich prevents completely the admixture of 
sulphate of lime vith the sulphates of quinine. 

This process yields from 80 to 90 per cent, of the quinine contained in the bark 
employed ; and to obtain the remaining 10 or 20 per cent, the blood-red solutions 
formed by boiling the bark with the caustic alkali are treated with dilute hvtlrocliloric 
acid in excess, which retains in solution any alkaloids that are present. I'his solution 
is strained and mixed with lime. The precipitate thus formed is collected, pressed, 
dried, and powdered. 

It is then digested with hcncol. or any solvent which is not a solvent of lime. Those 
various tinctures or preparations are well agitated with dilute sulphuric .acid, w'hicli 
extracts the quinine, &c. ; when allowed to settle, the fmizoL oil of t^irpeniine, or lard, 
whichever has been used, rises to tlie surface. The acid liquid is tlien syphouod oif 
and evaporated, and the sulphate of quinine obtained from it is purifi(‘d by two or 
three crystallisations, when it yields a salt equal to that obtained by the first proces.'^, 
viz. the unbleached or hospital sulphate of quinine. 

The sulphate of quinine of commerce is the neutral sulphate, and lias the following 
composition:— 2C*‘'H2<N204 2HS0^ -t- 14 aq. (2C2‘>H2*ir2oSH2SO* 4- 7WL-0). 

AVhen pure it occurs as white spangles, or slender needles, which are slightly flexible, 
and possess a pearly lustre and an intensely bitter taste. It effloresces in the air, and 
loses about 12 atoms of water {Baiip). It requires for solution, 740 p.’irts of eold 
water and 30 parts of boiling water, 60 parts of alcohol at ordinary temperatures, and 
much less of boiling alcohoL 

Its solution in acidulaU^d water turns the plane of polarisation strongly to the left, 
and presents a blue tint, which is due to a peculiar refraction of the rays of liglit on 
the &st surface of the solution, and is termed fluorescence by IVofttssor Stokes, who, 
as well as Sir John Herschel, has examined the cause of it, the hitter refeiTing it 
to epipolic dispersion. 

Heated to 212® F., sulphate of quinine becomes luminous, which is augmented by 
faction, and the rubbed body is found to be chargcid witli a vitreous electricity, 
sensible to the electroscope. It fuses easily, and in iliat state resembles fused wax ; 
at a higher temperature it assumes a red colour, and at length becomes eliarred. 
When a solution of quinine is treated wdth chlorine and ammonia, it yields a bright 
green solution, very characteristic of quinine. 

Besides the neutral sulphate, there exists an acid sulphate, or hisulphalc, of the 
following composition :—C«'H='<N*0*,2HSO< -j- 16HO. + 8B-0). 

It is formed by dissolving the neutral sulphate in dilute sulphuric acid, evaporating 
and crystallising. It crystallises in rectangular prisms, or silky needles. It is mueli 
more soluble in water than the neutral sulphate, requiring only 11 parts of water at 
ordinary temperatures to dissolve it. The solution reddens blue litmus-paper. 

It fuses in its water of crystallisation, and at 212° F. loses 24 6 per cent, of water 
(Liebig and Baup\ With sulphate of sesquioxide of iron, it forms a double salt, 
which crystallises in octahedra resembling those of alum. 

AdvltertUion of eulphate of quinine, — Owing to the high price of sulphate of quinine, 
it is often adulterated with various substances, as alkaline and earthy salts, boracic 
acid, sugar, starch, manito, margaric acid, salicine, sulphates of cinchonine and 
quinidine ; the two latter substances will be found in most of the commercial sulphate 
of quinine, and are not looked upon as fraudulent mixtures when ])resent only in 
small quantities, arising then from the imperfect purification of the sulphate of 
qumine. Sometimes, however, sulphate of cinchonine is present in largo quantities, 
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and this is effected by briskly stirring the solution from which the sulphate of quinine 
is crystallising, when, although under other circumstances the sulphate of cinchonine 
would remain in solution, it will by this agihition be deposited in a pulverulent form, 
together with the sulphate of quinine. No doubt this fraud had been practised to a 
ccnisidorablo extent. See Cinchona Eabk. 


R 

RABBET. That part of the keel, and stern stern-post of a ship which is cut for 
the pLank of the bottom to fit into. 

BABBIT {Lepus cuniculus). This well-known little animal is not only employed 
largely as food, but it furnishes to manufactures useful articles in its skin. The 
quantity used in this country and on the Continent is enormous. 

BABBBB. A metallurgical tool. The stirring-tool used in the process of pud- 
dling iron. See Ikon. 

BABBXtZXrG. The working of iron in a puddling-furnaco with the rabble. 

BACB. An inclined piano on which the ore and slime are washed and separated. 
JlaoJcing is the process of separating the heavy metallic ores from the earthy matter 
with w'hich they are mixed. 

BABXCAXi or RABXCXiE, CBBMXCAXi. In modern chemistry, a group of 
elements wdiich is common to a series of alli('d compounds. See Watts’s ‘ Dictionary 
of Chemistry.’ 

BADXCABS, ABCOHOB. Ilydrocarbons, such as methyl and ethyl, which 
may bo supposed to exist in the alcohols. Thus ordinary ethyl-alcohol, C'^IDO^ 
(C“H®0), may be regarded as a compound of the radical ethyl, C‘ID (C“H^), with 
the group of elements (hydroxyl HO). 

BAFFAEBBE WARE. A name sometimes applied to Majolica ware. This 
pottery was made in the city of Urbiiio, and it has been said that the designs for many 
of the pieces were ‘furnished by the scholars of Kafifliello from the original drawings 
of their great master,’ and hence the name. See Majolica. 

BAG. Any hard coarse-grained rock, w^hether sedimentary or eruptive, is pro- 
vincially culled ‘ rag’ ; hence such stones as Kentish rag, Rowley rag, &c. 

BAGS. The fragments and shreds of linen, cotton, or woollen fabrics. Linen and 
cotton rags are collect(Hl from all quarters for the purpose of making paper-pulp. 
The quantity imported annually is seldom less than 11,000 tons. Woollen rags of 
every kind are worked up into mvngo im(\ shoddy. (See these terms.) Coarse cloths and 
drugg(^ts are made of them ; and the fine dust of W'oollen rags is used in prepiring the 
lieaiitifiil tlo(!k-paper.s Avith w'hich our rooms are decorated. They are also useil 
largely for manure. The lands for cultivating the early broccoli which are brought to 
the London market from the western part of Cornwall are dressed with woollen rags 
in preference to any other manure. Sec Papkk. 

The followdrig abstract of information included in Reports r(^spocting the Export 
Duty on Rag.s in foreign countries w'ill be of interest in connection with our paper- 
manufactories : — 





Value 

£ 

Austria, rags and paper-pul]) export etl in 

1872 ill Zoll. cent" 



ners of 110’25 lbs 


26,734 

18,713 

Denmark, in 1872 .... 

. lbs. 

2,046,580 


Italy, rags of vegetiible substances 

kilos. 

12,537,000 


„ of other substances 

• • i» 

1,183,000 


Portugal, rags for making paper, 1871 

. . M 

14,341 


woollen rags 


7,802 

Roubles 

Russia, ...... 

ponds of 36 lbs. 

658.018 

658,018 

Spain, 1873 

. . kilos. 

155,403 


Switzerland ...... 

cwts. 

2,987 


Ottoman Empire 

. . okes 

2,652,992 



BAOUiSTOn. A variety of hone-slate used for sharpening steel instruments 
upon. Tlio Norway rag-stone is well known. 

BAO-WOOE. The wool obtained by tearing up in a machine constructed for the 
purpose. AVoolleii rags, called also Shoddy. 

Y Y 2 
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XJkXlUia The manufacture of iron and steel rails has, with the extension of our 
railway system, increased in a remarkable manner. This is, however, rather a subject 
for a treatise on mechanical engineering, than for a Dictionaiy of Manufactures. 

Rails are made by passing bars of iron, when red hot, through rollers with indenta- 
tions or grooves in their peripheries, corresponding with the intended shape of the rails ; 
the rails thus formed present the same surface to the bearing of the wheels, and their 
depths being regulated according to the distance from the point of bearing, they also 
present the strongest form of section with the least material. 

Malleable iron rails were formerly always employed. An objection has been urged 
against these rails on the ground that tlio weight on the wheels rolling on them 
expanded their upper surface, and caused it to separate in thin laminae. In many of 
our large stations rails may be frequently seen in ^s state ; layer after layer breaking 
oflf, but this may be regarded rather as an example of defective manuhicturo than any- 
thing else. It is true. Professor Tyndall has referred to tliose laminating rails, as 
examples in proof of his hypothesis, that lamination is always due to, and is alwa)\s 
produced by, mechanical pressure upon a body which lias freedom to move laterally. 
Careful examination, however, shows tliat whenever lamination of the rail becomes 
evident, it can be traced to the imperfect welding together of the bars of wliich the 
rail is formed. 

The weight of railway bars varies ;iccording to section and lengtli. There are some 
of 40 pounds per yard, and some of 80 pounds, almost every railway company em- 
ploying bars of different weight. Beside flat rails, which are occasionally still used, 
we have bridge rails employed, which liave the form of a reversed U. These have 
sometimes parallel sides, or, as in dovetail rails, the sides arc contracted. The fl-rails 
.are more easily manufactured than the I-rails, the difficulty of filing the flanges not 
being so great as in the latter rail. 

Fiq. 1700 represents the old rail, and jig. 1701 Mr. AV. H. Barlow's patent rail, 
whicli is made to form its own continuous bearing. In section this rail somewhat 
resembles an inverted V, with its ends considerably turned outwards. This portion 
forms the surface Vy which the rail bears upon the b;ilhi,‘'ting. the apex of the A Ijeiiig 
formed with flange-^; in the ordinary form of rails: and the rail, therefore, beds 


1700 



1701 



throughout on tlie ballast. Bails of V jguoh hs section are now extensively emjiluved. 
Steel rails, especially those made from Bessemer steel, are becoming xv.ry generally 
used. They are found to wear ve^^ much longer than the iron rail, and are specially 
useful at points, crossings, and stations where the wear is exceptionally lieavv. 

RAZ8ZVB are grapes allowed to ripen and tlry upon the vine. The best como 
from the south of Europe, as from Itoque^iare in rroveiice, Calabria, tS])ain, and 
Portugal. Fine raisins are also imported from Smpna, Damascus, and Egypt. Sweet 
fleshy grapes are selected for maturing into raisins, and such as grow upon the 
sunny slopes of hills sheltered from the north winds. The bunches arc pruned, and 
the vine is stripped of its leaves, when the fruit has become ripe; the sun then 
beaming full upon the grapes completes their saccharification, and expels the 
superfluous water. These are muscatels or blooms. The raisins called [(.viaa are 
plucked, cleansed, and dipped for a few seconds in a boiling lye of wood-ashes 
and quicklime, at 12° or 13° of Beaum^. The wrinkled fruit is lastly draiuod, 
dried, and exposed in the sun upon hurdles of basket-work during 14 or 16 days. 

The finest raisins are those of the mm, so called ; being the plumpest bunches, 
which are left to ripen fully upon the vine, after their stalks have been half cut 
through. 

Vdentia raisins are prepared by steeping them in boiling water, to which a lye of 
vine stems has been added. 

Corinthian raisins or currants are obtained from a remarkably small variety of 
the black Corinth. They are now grown in Zunte, Cephalonia, and 
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^ irsnr, in mining. A vein cutting indifferently throiigli all the strata ; 

under ^ome circumstances they are known as ga&h veins and slip veins. 

RAM, BTBRAVXiXC. Originally invented by Montgolfier, in France, and 
patented by him in 1797. 

This machine, which is self-acting, is com^sed of an air-vessel and 3 valves, 2 for 
the water and 1 for keeping up the supply of air. Upon pressing down the valve iu 
the conducting tube, wnich opens downwards, the water escapes from it, until this 
momentum is sufficient to overcome the weight, when the valve immediately rises 
and closes the aperture. The water, having then no other outlet than the inner 
valve, rushes through it by its general force, compressing the air in the air-vessel 
until equilibrium takes place, when the air reacts by its expansive force, closing the 
inner valve, which retains the water above it, and driving it up the ascending tube. 
By this reaction the water is forced back along the conducting-pipe, producing a 
partial vacuum beneath the outer valve, which immediately falls by its own weight. 
The water thus escapes until it has acquired sufficient force to close this, when the 
action proceeds as before. It is best adapted for mising moderate quantities of water, 
as for household or farming purposes. 

RAMMSRS. Ill mining,^ an instrument used for compressing the powder in the 
hole for blasting. In engineering, the tool used for ramming earth, clay, or loam, in 
making dams and the like. 

RAPE-SSBS. {Brasswa campestris olei/era.) Summer Rape, Wild Navew, or 
Colza. This and the winter rape (B. Napus) arc tho only sorts culti^-ated to any 
extent in Britain for the manufacture of oil, and growers generally agree that tho 
former of these is to be preferred from its yielding a greater quantity of seed, in tho 
proportion of 955 to 700. {Latt'so7i.) See Colza. 

RAP£-SESa> OZE. See Oils. 

RASPS AWD PZZiBS. File-making is a manufacture wdiicli is still in a great 
measure confined to Sheffield. It is remarkable that hitherto no machine has been 
constructed capable of producing files which equal those cut by the human hand. 
Machine-made files have not the ‘ bite’ which hand-cut files have: this is accounted 
for by the peculiar facilities of the human wrist to accommodate itself to tlie particular 
angle suitable to produce the proper ‘ cut.’ Small files arc made out of the l>est cast 
steel ; those of a larger size from ordinary steel ; fiat files are forged on an ordinary 
study ; other forms on bolsters, with the indentaturo corre.sponding to the shape 
required being thereon impressed: a chisel wider than the blank to be cut is used as 
the only instrument to form the teeth ; it is moved by the hand with the greale.^t 
nicety. After cutting, and previous to hardening, tho file is immersed in some adhesive 
substance, such as ale-grounds, in which salt has been dissolved ; this protects the 
teeth from the direct action of the fire ; it is then immersed perpendicularly in water; 
cleaned, and finished. 

The manufacture of rasps and files docs not belong to this work. Those interested 
iu it will find an elaborate description of all tho varieties of files, and of their manu- 
facture, ill ‘ Turning and Mechanical Manipulation,’ by Holtzapffel ; and in ‘ Manu- 
factures in Metal,’ vol. i.. Iron and Slcel, revised by Mr. Kol)ert Hunt. 

RASP, MSCHARXCAX., is the name given by the French to an important 
machine much used for mashing beet-roots. See Sugak. 

RATAFIA is the generic name, in France, of liqueurs compounded with alcohol, 
sugar, and the odoriferous or flavouring principles of vegetables. Bruised cherries with 
their stones are infused in spirit of wino to make the ratafia of Grenoble dc Tegssere. 
The liquor being boiled and filtered, is flavoured when cold with spirit of noycau, 
made by distilling water off’ the bruised bitter kernels of apricots, and mixing it with 
alcohol. Syrup of bay laurel and galango are also added. See Liqxteuks. 

RATTAXrS. Tho stems of the Calamus rotang, of C. rudenttm, and various 
species of palms. They are used for caning chairs, as a substitute for whalebone, for 
wailking-sticks, and many other purposes. 

RAZORS. Tho manufacturo of razors differs from the manufacture of the finer 
varieties of cutting instruments, only in the degree of care which is required to pro- 
duce a perfect instrument. 

Two workmen are always engaged in razor-making. The rod of steel of which 
tlujy are made is about half an inch in breadth, and of sufficient thickness to form the 
back. The stake upon which they are forged is rounded on both sides of the tops, 
w'hich is instrumental in thinning tho edge, and much facili totes the operation of 
grinding. Tho blades are then hardened and tempered in the ordinary way, with the 
exception that they are placed on their back on an iron plate, and the moment they 
assume a straw colour of a deep shade they are removed. 

The grinding follows, on a stone revolving iu water ; then glazing on a wooden disc. 
The fine polish is given by a wooden wheel, having its circumference covered with 
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buff leather, which is covered with crocus. The ornamentation of the blade by etching 
with acid and gilding, if such be required, is the last process. See ‘ Manufactures in 
Metal/ as revised by Mr. Robert Hunt ; and ‘ Mechanical Manipulation/ by Holtzapffel. 

SAKOSR-BOn. In the manufacturing of the razor, for tlio first process of 
setting, the Chamley-Forest stone is used, but the principal part of the sotting is 
accomplished almost invariably on the German hone. Various kinds of hones ai’c, 
however, sold under this name, and they are of course of various qualities. See Hones. 

BAXOB-SntOV. ‘ Perhaps for the razor-strop a fine smooth surfoc'o of calf- 
ddn, with the grained or hair side outwards, is best. It should be pasted or glued 
down flat on a slip of wood, and for the dressing almost any extremely fine powder 
may be used — sucli as impalpably fine emery, crocus, natural and artificial specular 
iron, black lead, or the charcoal of wheat-straw; . . . combinations of these and 
other fine powders, mixed with a little grease and wax, have been with more or less 
mystery applied to the razor-strop. The choice appears nearly immaterial, provided 
the powders are exceedingly fine, and they arc but sparingly used. 

‘ One side of the strop is generally charged with composition ; on the other side the 
leather is left in the natural state, and the finishing stroke is in general given on the 
plain side’ {Holizapffel). The razor-strop requires to bo kept, very clean, and it 
should be very sparingly used. 

MAXiOAR, Red sulphide of arsenic. {Arsenic rouge sulfur e, Fr. ; Roihes 
Schwefdarsenik^ Ger.) T^s ore occurs in crystalline rocks, under the form of veins, 
as also in volcanic districts ; for example, at the Solfatara near Naples ; or sublimed 
in the shape of stalactites, in the rents and craters of Etna, Vesuvius, and other 
volcanoes. Specific gravity varies from 3-3 to 3 6. It has a fine scarlet colour in mass, 
but orange-red in powder, whereby it is elistinguishable from cinnabar. It is soft, 
sectile, readily scratched l\y the nail : its fracture is vitreous and conchoi’dal. It 
volatilises easily before th(^ blowpipe, emitting the garlic smell of arsenic, along with 
that of sulphurous acid. It consists of 70 parts of arsenic and 30 parts of sulphur. 

Nearly all the commercial realgar is an artificial product, j^ropared by sul>mittiug 
arsenical pyrites to distillation, or by heating arsenioiis acid and sulphur in duo 
proportions. It is an energetic poison, more so than the native realgar, from tlie fact 
of its containing free arsenious acid. The principal use of realgar is for fireworks. 
White Indian fire, often used as a signal-light, contains 7 parts sulphur, 2 parts 
realgar, and 24 parts nitre. See Arsenic and Pyrotechny. 

RRAfc VA&irS. See Jwports and Exports. 

Riyi1TMirR*8 RORCSXhAXSr. Glass in the process of working will often 
acquire a peculiar opacity. This appears to depend on a physical change, since bv a 
carefully-constructed process a kind of crystallisation may be set up. producing this 
porcellanous appearance. Reaumur endeavoured to introduce a material of this 
description in the place of pottery : hcuc<‘ the name. 

RBOTXFXCATXOR is a second distillation of aleoliolie liquors, to fn(‘ thtm 
from whatever impurities may have passed ovin* in the first. See Au’diiol and 
Distillation. 

RBD, AJrZUirii. See Aniline Red :in<l Rosantlink. 

RRR CRAXiR* An earthy ore of iron, used as a drawing material. 

RBBR&B. One of the ores of iron, having an earthy texture. It is found 
more or less mixed with earthy matter, and is used for marking sheep in some of tin- 
western counties. A fine variety occurs not far from Rotheram in Yorkshire, and 
nt Wastwater in Cumberland. See Iron. 
rVD BBOBTT. See Grenada Croctt.s. 

RBO RJBMATXT8. Native anhydrous oxide of iron. See Haematite ; Jro.v. 
Rm XiRAPt Minium or saturnine red. A pigment formed by exposing litharg(' 
to the action of the air at a temperature of about 7)60°, by wliich it absorbs oxygn ii. 

See Lead. 

RRP RX^VORy when prepared by the dyer or i^rinter, is a liquid com;f)ound of 
acetate of alumina, having in it a little sulphate of alumina and poUish ; and is pre- 
pared by dissolving 8 pounds of alum in boiling water, and adding to this a solution 
of 6 pounds of acetate of lead, and stirring the whole well together. Sulphate of 
lead is formed and deposited as a heavy mass at the bottom of the liquid. The clear 
supernatant liquid is red liquor. 

Red liquor of commerce is a crude acetate of alumina, prepared from p^Toligneoiis 
acid. Sm Cauco-Pbenting. 

RRP MARlf A geological term^ designating the up])er members of tlie New Red 

Sandstone formation. 

RRP OORRR. An earthy oxide of iron. See Iron. 

RRP ORRZJtKRRT* A pigment of a deep scarlet colour, prepared by burning 
the ydlow native orpimeut, a trisulphide of arsenic. See Arsenic. 
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ASBUVTHZTi:. A name given by Brooke and Miller to the vitreous copper of 
Phillips, from the circumstance that some fine varieties have boon found in the mines 
near Kedruth, although much finer are produced by the St. Just mines. It is the 
chalcosinc of Gh*eg and Lettsom, cuivre sulfure of ITaiiy, and the Kupfcrglanz of 
Haidinger and Naumann. Eedruthite is a disulphide of copper. See Coppbb. 

RSB SAWBlOtS WOOB. A hard and heavy wood, which is imported from 
Calcutta in logs. It is much used as a dye-wood, and occasionally for turning. 

BBB-SBdBT. When iron is brittle at a red heat, it is said to be red-short. 

BBBXrCZlffO AOEIVTB. The agents used to separate the metal in the smelting 
processes. See METAnnimoT. 

REBVCTXOK. When the metal is separated from the substances — sulphur, 
oxygen, arsenic, &c. — with which it is combined, it is said to be reduced ; reduction is 
the process employed. 

BSB WOOB. A wood used by dyers, which is obtained from the Siberian buck- 
tliom, Rhamnus eryihroxylon. 

REBB is the well-known implement of the weaver, made of parallel slips of 
mebil or reeds, called dents. A thorough knowledge of the adaptation of yarn of a 
proper degree of fineness to any given measure of rcetl, constitutes one of the 
principal objects of the manufacturer of cloth ; as upon this depends entirely the 
tuppearance, and in a great degree the durability, of the cloth when finished. The 
art of performing this properly is known by the names of examining, setting, or 
slaying, which arc used indiscriminately, and mean exactly the same thing. The 
reed consists of two parallel pieces of wood, set a few inches apart, and they are of 
any given length, as a yard, a yard and a quarter, &c. The division of the yard 
being into halves, quarters, eighths, and sixteenths : the breadth of a web is generally 
expressed by a vulgar fraction, as J, |, f ; and the subdivision by the eighths or six- 
teenths, or nails, as they are usually called, as J, |, y, &c., or &c. In Scot- 

land, the splits of cane which pass between the longitudinal pieces or ribs of the reed 
are expressed by hundreds, porters, and splits, tho porter is 20 splits, or -?fh of a 
hundred. 

In Ijancashiro and Cheshire a different mode is adopted, both as to the measurB 
and divisions of the reed. The Manchester and Bolton reeds are counted by tho 
number of splits, or, as they are there called, dents, contained in 24ri inches of tlie 
reed. These dents, instead of being arranged in hundreds, porters, and splits, as in 
Scotland, are calculated by what is there; termed hares or hears, each containing 
20 dents, or the same number as the porter in tho Scotch reeds. The Cheshire or 
Stockport reeds, again, receive their designation from the number of ends or Llireads 
contained in one inch, two ends being allowed for every dent, that being tho almost 
universal number in every species and description of plain cloth, according to tho 
modern practice of weaving, and also for a groat proportion of fancifiil articles. 


Comparative Table of o'! -inch reeds, lx ing ihe standard used ihroucfhout Europe, for 
inens, with the Lancashire an d Cheshire reeds, and the foreign reeds used for holland 
and cambric. 


Bc'.otdi 

Liiucashirc 

Che.shirc 

Dutch holland 

Prench cambric 

600 

20 

34 

550 

653 

700 

24 

38 

650 

761 

800 

26 

44 

740 

870 

900 

30 

50 

832 

979 

1000 

34 

54 

925 

1089 

1100 

36 

60 

1014 

1197 

1200 

40 

64 

1100 

1300 

1300 

42 

70 

1222 

1414 

1400 

46 

76 

1295 

1464 

1500 

50 

80 

1 1387 

1602 

1600 

52 

86 

1480 

1752 

1700 

66 

92 

1571 

1820 

1800 

58 

96 

1665 

1958 

1000 

62 

104 

1757 

2067 

2000 

66 

110 

1850 

2176 


^ In the above table, tho 37-inch is placed first. It is called Scotch, not because it 
either originated or is exclusively used in that country; it is the general linen reed 
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of all Europe ; but in Scotland it has been adopted as the regulator of her cotton- 
manufactures. 

^ The number of threads in the warp of a veb is generally ascertained with con- 
siderable precision by moans of a. small magnifying glass, fitted into a socket of 
brass, under which is drilled a small round hole in the bottom plate of the standard. 
The number of threads visible in this perforation ascertains the number of threads in 
the standard measure of the reed. Those used in tScotland have sometimes four 
perforations, over any one oi which the glass may bo shifted. The first perforation 
IS J of an inch in diameter, and is therefore well adapted to the Stockport mode of 
counting; that is to say, for ascertaining the number of ends or threads per inch, 
the second is adapted for the Holland reed, being ^th part of 40 inches ; the third 
IS TpJ^th of 37 inches, and is adapted for the now jilmost universal construction of 
Scotch reeds; and the fourth, being g^th of 34 inches, is intended for the French 
cambrics. Every thread appearing in these respective measures, of course, represents 
200 threads or 100 splits, in the standard breadth; and thus the quality of the 
fiibric may be ascertained with considerable precision, even after the cloth has under- 
gone repeated wettings, either at the hleaching-ground or dyo-work. By counting the 
other way, the proportion which the woof bearti to the warp is also known, and this 
forms the chief use of the glass to the manufiicturer and operative weaver, both of 
whom are previously acquainted with the exact, measure of the reed. 

XSVUi'SRT SSiACh The cinders produced in the process of refining iron. 
See Iron. 

XXFZSrZSrCI. in the process of partially decarbonising pig-iron. The 

processe s em ployed to obtain pure metals from regulus. or impure mixtures. 

urximro OOXiB AIT D SIXiVER. See Gold. 

RBFRRGTORT BCZSTERAXiS. Such minerals as graphite or plumbago, 
mica, steatite, fire-clays, and the like, which endure without fusion a very high 
temperature. See Fire-Clay. 

***'.^®®*AT*0*‘ or WORTS, It is of great importance to effect 

the cooling of worts as rapidly as possible. The sinipb'sl, mode of refrigeration is 
by exposing the hot liquor or wort in shallow vessels, call'd coolers, to the action of 
the atmosphere or a ciurent of air, sometimes accelerated by fans rotating horizontally 
just above the surface of the liquor; but sometimes utensils callod refrigerators an; 
employed, and so constructed that a quantity of cold water should be brought into 
contact with the heated fluid. 

A simple form of refrigerator is that of the worm used by distiller.*^ ; and the 
reverse process is commonly used by brewers, viz. a stream of cold water passing 
through pipes in a zigzag form, laid horizontally in the shallow cooler. But in every 
construction of refrigerator heretofore used, the quant ity of cold water necessarily 
employed in the operation, grojatly exceeded i ho cjuaiitiiy of the fluid cooled, which, 
in some situations, where water cannot be readily obtained, was a serious impediment 
and objection to the use of such apparatus. 

In August 1826, Mr. landall ofitained a patent for an apparatus designed for 
ctwling worts and other hot fluids, without exposing them to evaporation ; and con- 
trived a mode of constructing a refrigerator so that any quantity of wort or olhrr 
hot fluid may be cooled by an equal quantity of cool waiter; tlie process being jicr- 
formed with great expedition, simply by passing the two fluids thi’ough very narrow 
passages, in opposite direction.^, so that a thin stratum of hot wort is Lrou'ght into 
contact over a large surface with an equally thin stratum of cold water, in sueh manner 
that the heated water, when about to be discharged, still absorbs beat from the hottest 
portion of the wort, which as it flows through the apparatus is continually parting 
with its heat to water of a lower temperature flowing in the contrary direction ; and 
however varied may be the form, the same principle should be observeil. 

Fiffs. 1702, 1704, 1705, represent different forms in which t he a}>paratus might 
be made; the two first having zigzag passages; the third, chaTinels running in 
convolute curves. These channels or passages are of vei^^ small capacity in thickness, 
but of great length, and of any breadth that may be required, according to the quantity 
of fluid intended to be cooled or heated. 

Fig. 1703 is the section of a portion of the apparatus showm at.%s. 1702 and 17b5 
uj^n an eidarged scale ; it is made by connecting three sheets of copper or any other 
thin metallic i)lates together, leaving parallel spaces between each idate for the pas- 
sage of the fluids, represented by the black lines. 

These spaces are formed by introducing between the plates thin straps, ribs, or 
Wrtions of metal, to keep them asunder, by which means very thin chunnols are pro- 
duced, and through these channels the fluids are intended to be passed, the cold 
liquor running in one direction, and the hot in the reverse direction. 

Suppoang that the passages for the fluids are each’ one-eighth of an inch thick, 
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then the entire length for the run of the fluid should be about 80 feet, tlie breadth of 
the apparatus being made according to the quantity of fluid intended to be passed 



through it in a given time. If the 
channels are made a quarter of an inch 
thick, then their length should be ex- 
tended to 160 feet; and any other 
dimensions in similar proportions ; but 
a larger channel than a quarter of an 
inch the patentee considered would be 
objectionable. It is, however, to be ob- 
served, that the length here recom- 
mended is under the consideration that 
the fluids are driven through the appa- 
ratus by some degree of liydrostatic pressure from a head in the delivery-vats above ; 
but if the fluids flow without pressure, then the lengths of the passage need not bo 
quite so great. 

In the apparatus constructed as shown in perspective in fig> 1702, and further 
developed by the section,/,^, 1703, cold water is to be introduced at the funnel <7, 
whence it passes down the pipe b, and through a long slit or opening in the side of the 
pipe, into the passage c, g {jig. 1703), between the plates, where it flows in a horizontal 
direction through the channel towards the discharge-pipe d. Wbcm such a quantity 
of cold water has passed through the funnel a, as shall have filled the channel c, c, 
up to the level of the top of the apparatus, the cock c, being shut, then the hot wort 
or liquor intended to be cooled, may be introduced at the funnel/, and which descend- 
ing in the pipe r/, passes in a similar manner to the former, through a long slit or 
opening in the side of the pipe into the extended passage A, A, and from thence pro- 
ceeds horizontally into the discharge-pipe i. 

The two cocks c and A, being now opened, the wort or other liquor is drawn off, or 
otherwise conducted aAvay through the cwk A, and the water through e. If the aper- 
tures of the two cocks, c and k, are equal, and the channels equal also, it follows that 
the same quantity of wort, &c,, will flow through the channel A, A, A, in a given time, 
as of water through the channel c, c ; and by the hot fluid passing through the aper- 
tures in contact with tlio side of the channel which contiiins the cold fluid, the heat 
becomes abstracted from the former, and communicatesl to the latter; and as the hot 
fluid enters the apparatus at that part which is in immediate coritiict "wntli the part, 
where the cooling fluid is discharged, and the cold fluid enters the apparatus at that 
where the wort is discharged, the consequeDce is, that the w'ort or other hot liquor 
becomes cooled down towards its exit-pipe nearly t(» the temperature of cold water ; 
and the temperature of the water, at the rtverso end of the apparatus, hecomes raised 
nefirly to that of the boiling w'ort. 

It only remains to observe, that by partially closing either of the exit-cocks, the 
quantity of heat abstracted from one fluid, and communicatetl to the other, may be 
regidatod ; for instance, if the cock e of the witer-passago be partially closed, so as to 
diminish the quantity of cold water pjissed through the apparatus, the wort or other 
hot fluid conducted through the otlier passages will be discharged at a higher tem- 
perature, which in some cases will be desirabici when the refrigerated liquor is to be 
fermented. 

Fig. 1704 exhibits an apparatus precisely similar to the foregoing, but different in 
its position; for instance, the zigzag channels are made in obliquely descending 
planes, a is the funnel for the liot liquor, whence it descends through the pipe d into 
the channel c, c, Jig. 1703, and ultimately is tlischarged through the pipe A, at the 
cockc. The cold water being introduced into the funnel/, and passing down the pipe*, 
enters the zigzag channel A, A, and, rising through the apparatus, runs off by the pipe 
y, and is discharged at the cock below. 

The passages of this apparatus for heJiting and cooling fluids, may be bent into 





thin copper, soldered together at their edges, forming a continuous spiral chanih(?r 
for the passage of a thin stratum of -w.^tcr, and contained in a cylindrical case. The 
passages here run in convolute curves, the one winding in a spiral to the centre, the 
other receding from the centre. 

The ■wort or other hot liquor intended to be cooled, is to be introduced at the 
funnel a, and passing down the pipe b, is delivered into the opeu passage c, which 
winds round to the central cliamber rf, and is thence discharged through the pipe e, 
at the cock /. The cold water enters the apparatus at the funnel < 7 , and proceeding 
down the pipe h, enters the closed channel i, and after traversing round through the 
apparatus, is in like manner discluirged through the pipe 1% at the cock /. Or the hot 
liquor may be passed through the closed channel, and the cold through the open oiu; ; 
or these chambers may be both of them open at top, and the apparatus covered by a lid 
when at work, the principal design of which is to afford the convenience of cleaning 
them more readily than could be done if they were closed ; or they may be both closed. 

A similar ingenious apparatus for cooling brewers’ worts, or wash for distillers, 
and also for condensing spirits in place of the ordinary worm-tub, is called by the 
inventor Mr. Wheeler, an Archimedes condenser, or refrigerator, the peculiar feature 
of which consists in forming the chambers for the passage of the fluids in spiral 
channels, winding round a central tube, through w hich spiral channels the hot and 
cold fluids are to be passed in opposite directions. 

Fiff, 1706 represents the external appearance of the refrigerator, enclosed in a 
cylindrical case ; fig. 1707 , the same, one-half of the ciise being removed to show- the 
form of the apparatus within; and^^. 1708 , a section cut through the middle of the 
apparatus perpendicularly, for the purpose of displaying the internal figure of the 
spiral channels. 

In^s. 1707, 1708 , a, a, is the central tube or standard (of any diameter that may 
be found conrenient), round which the spiral chambers are to be formed ; 6 , 6 , are the 
sides of the outer case, to which the edges of the spiral fit closely, but need not be 
attached ; c, c, are two of the circular plates of copper, connected together by rivets 
at the edges, in the manner shown, or by any other suitable means ; d, is the chamber, 
formed by the two sheets of copper, and which is carried round from top to bottom in 
a spiral or circular inclined plane, by a succession of circular plates connected to each 
other. 

The hot fluid is admitted into the spiral chamber d, througli a trumpet or ■wido- 
mouthed tube e, at top, and is discharged at bottom by an aperture and cock /. The 
cold water which is to be employed as the cooling material is to be introduced 

^ h the pipe^, in the centre, from whence, discharging itself i»y a hole at bottom, 
d water occupies the interior of the cylindrical case b, and rises in the spiral 



REGENERATORS 699 

passage between the coils of the chamber, until it ascends to the top of the yesseli 
and then it flows away by a spout i, seen in/^. 1706. 

It will be perceived that the hot fluid enters the apparatus at top, and the cold fluid 
at bottom, passing each other, by means of which an interchange of temperature takes 



place through the plates of copper, the cooling fluid passing oflf at top in a heated 
sUite, by means of the caloric which it has abstracted from the hot fluid ; and the hot 
fluid passing off through the pipe and cock at bottom, in a very reduced state of 
temperature, by reason of the caloric which it held having been given out to the 
cooling fluid. 

Hoclges Vatent lirfrigcrator for reducing the temperature of liquids. — This re- 
frig(?rator is stated to bo more cflectualthan anything yet oflbred to the public for cool- 
ing brewers’ worts. The worts are passed down tlirough the tubes in fig. 1700, and 
ascend through the tubes \x\fig. 1710. These tubes are of copper, and are encased in 



a chamber ; water is lot on under a head through the pipes a, sprinkling the outer 
surface of the tube with a jot, keeping them moist ; at the same time a blast of cold air 
is blown into the chambers by the fans b b impinging on the surface, carrying away 
the caloric as fast as it is transmitted. Worts c»in bo brought down from 212° to the 
desired temperature by this process cheaper and quicker than any other refrigerator ; 
in fact, worts may be brought down to freezing temperature. 

REFBXOB&ATOS. See REFBiaKKATioN of Wokts. 

SSaBHBBATXiro nmxriLCS. See Iron aud Steel. 

XBOWISXATOK8. A name given to arrangements for absorbing the heat, as 
it passes from the furnace, or place of combustion, and for parting with that heat to 
fresh air admitted to supply the furnace. By alternating the direction of circulation 
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a saying of heat is effected. Dr. Percy suggests that accumidators would be a better 

term. 

mmumuB. A name introduced by the alchemists, and applied by them in the 
first instance to antimony ; it signifies the Utile Mng ; and from the facility with which 
antimony alloyed with gold, these empirical philosophers had great hopes that this 
metal antimony would lead them to the discovery of the philosopher’s stone. 

‘In the smelting of certain sulphuretted ores the product obtained in the first 
instance is a sulphide of the metal ; and this product has received different names in 
different metallurgical works. In English copper works the word metal is commonly 
used to denote compounds of this kind, that of rcgulus being applied in a specific 
sense to certain kinds of metal. 1 shall, however, adopt the word regtdtts in tho 
present work as a generic appellation for all similar products. The Germans 
designate regulus by the synonymous terms Stein- and Lech^ and the French by the 
term matte. It is frequently the case that in one smelting operation, slag^ regulus, 
and met(d are obtained, which are superposed in the order mentioned, which is that 
of their respective specific gravities.’ (Percy, Metallurgy.') 

In our metal-imports ‘ ore ’ and ‘ regulus ’ arc comnionl}* named. Tho regulus 
must be regarded as an impure metal. 

MMAlCTCh in metallurgy. In iron manufacture, puddled bars are brought 
to a welding heat in furnaces, called Bcheaiing or Welding furnaces, they are then 
passed through rolls to bring them into the condition of merchant iron. 

WUSnS. A process of inlaying wood, like Ibirquetry. 

MUbBimr. The South-American name for tho roots of the Calceolaria arach- 
fundea^ used for dyeing crimson by the natives. 

ran XT. The gastric juice of the stomnch of the sucking calf, which, being 
extracted by infusion immediately after the death of the; animal, serves to curdle milk. 
As the juice passes rapidly into putrefaction, the stomach must bo salted after tho 
outer skin has been scraped off, and all the IVit and useless membranes carefully 
removed. It is only the inner coat which is to be preserved after it is freed from any 
curd or other extraneous matter in tho stomach. The serum left in it should be 
pressed out with a cloth, and is then to l)e replaced in the stomach with a large 
quantity of the best salt. Tho skins, or veils, as they arc called, are next put into a 
pan and covered with a saturated solution of salt, and soaked for some hours; but 
there should be no more brine than covers the veils. They are afterwards hung up 
to dry, a piece of wood being put crosswise into each t.o stretch them out. They 
should be perfectly dried, and look like parchment. In this sbite they may be kept in 
a dry place for any length of time, and are always ready for use. 

Pieces of veil are cut off and soaked for some hours in whey or \vatcr, and tho 
whole is added to the W’arm milk for curdling it, its strength having l)efin first 
tested on a small quantity. By the rapidity with which it curdles, and tho form of 
the fiakes, a judgment is formed of its strength, and the quantity required for the 
whole milk. 

MUPOVBSX. Metal-work in relief. Themetil plat.e is placed upon a wax block, 
and by means of a punch and hammer, the ornamentjil design is hammered up. 

XXSnff XLAVXtZ or COWDEX, is a peculiar resinous subsUince, imported from 
New Zealand. It oozes from the trunk of a noble tree called Dammara Australis. 

See Dahmab. 

XXSnfS {Bmnes, Fr. ; Harze^ Ger.) are principles found in most vegetahlcs, 
and in almost eveiy part of them ; but the only resins wdiich merit a particular 
description are those which occur naturally in .such quantities as to be easily collect tul 
or extracted. They are obtained chiefly in two ways, either l)y spontaneous txudation 
from the plants, or by extraction by heat and alcohol. In the first case, the discharge 
of resin in the liquid state is sometimes promoted by anificial incisions made through 
the bark into the wood of the tree. 

Besins possess the following general properties: — They are soluble in alcohol, in 
ether and the volatile oils, and with the aid of heat, combine with the unctuous oils. 
They may be combined by fusion with sulphur, and with a little^ phosphorus. They 
are insoluble in water, and melt by the application of heat, but do not volatilise 
without partial decomposition. They are almost all transluoid, not often colourless, 
but generally brown, occasionally red or green. Any remarkable taste or smell, 
which they sometimes possess, may be ascribed to some foreign matter, commonly an 
essential oil. Their specific granty varies from 0'92 to 1-2. Their consistence is 
also very variable. The greater part are hard, with a vitreous fracture, and so brittle 
as to be readily pulverised in the cold. Some of them are soft, a circumstance 
probably depen&nt upon the presence of a heten^eneous substance. The hard resins 
4o not conduct electricity, and they become negatively electrical by friction. When 
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heated they melt more or less easily into a thick viscid liquid, and concrete, on cooling, 
into a smooth shining mass, of a vitreous fracture, which occasionally flies off into 
pieces, like Prince Kupert’s drops, especially after being quickly cooled, and scratched 
with a sharp point. They take fire by contact of an ignited body, and burn with a 
bright flame, and the diffusion of much sooty smoke. When distilled by themselves 
in close vessels, they afford carbonic acid and carburettod gases, empyroumatic oil of a 
less disagreeable smell than that emitted by other such oils, a little acidulous water, 
and a very little shining charcoal. See Gas, Coal. 

Kesins are little acted upon by acids, except by the nitric, which converts them into 
artificial tan. They combine readily with the alkalis and alkaline earths, and 
form what were formerly reckoned soaps ; but the resins are not truly saponified ; they 
rather represent the acid constituents themselves, and, as such, saturate the salifiable 
bases. 

Every resin is a natural mixture of several other resins, as is the case also with 
oils ; one principle being soluble in cold alcohol, another in hot, a third in ether, a 
fourth in oil of turpentine, a fifth in naphtha, &c. The soft resins, which rebiin a 
certain portion of volatile oil, constitute what are called balsams. Certain other 
balsams contain benzoic acid. The solid resins are, amber, anime, benzoin, colophony 
(common rosin), copal, dammar, dragon! s blood, clemi, guaiac, lac, rosin of jala'p, 
lahdanum, mastic, sandarach, siorax, takamahac. 

1. The hard copal of India and Africa, especially Madagascar, is the product of the 
Hymenaa verrucosa. It is transparent and vitreous within, whatever may bo its 
appearance outside ; nearly colourless, or of a tawmy yellow ; without taste or smell 
in the cold, and almost as hard as amber, which it much resembles, but from which it 
may be distinguished, 1st, by its melting and kindling at a candle-flame, and running 
down in drops, while amber burns and swells up without flowing; 2ndly, this hard 
copal when blown out and still hot, exhales a smell like balsam copaiva or capivi; 
while amber exhales an unpleasant bituminous odour ; 3rdly, when moisteneiJ by 
alcohol of 85 per cent., copal becomes sticky, and shows, after drying, a glazed opaque 
surface, while amber is not affected by alcohol ; 4thly, the copal affords no succinic 
acid, as amber does, on distillation. 

Ether, boiling hot, dissolves 39*17 percent, of copal. 

Essence (spirits) of turpentine does not dissolve any of the copal, but it penetrates 
and combines with it at a heat of 212° Eahr. 

2. Eesiu of cottrharU of Eio Janeiro, the English gum-anime, and the semi-hard 
copal of the French. It is characterised by forming, in alcohol, a bulky, tenacious, 
elastic mass. It occurs in rounded tears, has a very pale glassy aspect, transpirent 
within, covered with a thin white pow'der, which becomes glutinous with alcohol. 
Another variety is soft, and dissolves, for the most part, in alcohol; and a third 
resembles the oriental copal so much as to indicate that they may both be produced 
from the same tree. 100 parts of the oriental and the occidental ariime yield 
respectively the following residua : — 

With alcohol With ether With essence 
Oriental . . . 05*71 60*83 71 

Occidental . . . 43*53 27*50 75*76 

The hard and soft copals possess tlie remarkable property in common of becoming 
soluble in alcohol, after being oxygenated in the air. 

3. Dammar futi, or Dammar batu. — This resin, soft at first, becomes eventually like 
amber, and as hard. It is little soluble in alcohol and ctiier, but more so in essence 
of turpentine. 

4. Aromatic dammar. — This resin occurs in large orbicular masses. It is pretty 
soluble ill alcohol. Only small samples liavc liitherto been obtained. Of 100 parts, 
3 are insoluble in alcohol, none in ether, and 93 in essence of turpentine. M. Guibourt 
thinks that this resin comes from the Molucca isles. Its ready solubility in alcohol 
and great hardness render it valuable for varnish-making. 

5. Slightly aromatic dammar leaves, after alcohol, 37 percent.; and after ether 17 
per cent.; and after essence, 87 per cent, 

6. Tender and friable dammar selan. — This resin occurs in considerable quantity 
in commerce (at Paris). It is in round or oblong teiirs, vitreous, nearly colourless, 
and transparent within, dull whitish on the surfaces. It exhales an agreeable odour 
of olibanum, or mastic, when it is heated. It crackles wth the heat of the hand, like 
roll-sulphur. It becomes fluid in boiling water, but brittle when cooled again. It 
sparkles and burns at the flame of a candle ; but this being the effect of a volatile oil, 
the combustion soon ceases. — Guibourt. 

RSSZSrS, MnnoukA. Petroleum, bitumen, asphalt, amber, and other mineral 
hydrocarbons are so called. See descriptions under the respective names. 
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MSIBT. A mgte used in calico-printing to keep portions white when the cloth 
is di pped into the dve. See Calico-Pkinting. 

sMWfl. A hydrocarbon, similar to benzine, obtained from the resinous matter 
found on pine-stems in peat-bogs. It has also been obtained by the dry distillation 
of resinous pine-wood. 

MITnriTB* A mineral resin found in rounded or irregular lumps. It is soluble 
in alcohol, leaving an unctuous residue. It is found in the lignite bods of Bovey 
Tracey, in similar deposits in Hanover, and in the coal-mines of Moravia. 
MITZHO&S. A hydrocarbon, obtained from the turpentine-resins. 

XSTOXTa Eetorts may be of various shapes, and made of very different ma- 
terials, according to tlie requirements. Some are of glass ; others of clay. They 
may be made of any of the metjils. Eetorts are employed to effect the decom- 
position of compound bodies by the action of heat ; sometimes alone, .md sometimes 
aided by the action of other furnaces. Tliey v/irv in shape ; but generally may 
be regarded ns consisting of a bulb and a beak. Por producing coal-gas there are 
many modifications, varying in dimensions and sliape with the caprice of the con- 
structor. 

MBTVUr AXR. In coal-mining, the air wljich ascends after having pas.s(‘<l 
through the workings of a colliery. 

RSTinUNTS. A light-coloured and mild kind of tobacco. 

AWAUnrTA ARABXCA. The commercial name for the flour obtainetl from 
the lentil, Ervum lens. It was first called Krvalenfa, tlicii by transposing the letters 
of the first portion of the name, revalenta was obtainetl. 

SSWUB8SATORT VUlfcXfACXS. A furnace in which the fiamo passes over 
a bridge, and plays down — or reverberates against the heai’th on which the materials 
are placed, Metallvrgy, Copper, Iron, Soda, <S:c. 

RBATAXT AOOTt Kramcria Iriajidra, a native of J^eni. Tlie j’oot is lioi’i- 
zontal, very long and branched. It. is used as on astringent, and in pow'der as a 
dentifrice. 

ABOBXITM. A mebil discovered by Dr. Wollaston in 1803, in the ore of 
platinum. It is contained to the amount of 3 per cent, in the platinnm-orc' of 
Antioquia in Columbia, near Barbacoas; it occurs in the Ural ore, and alloyed wdtli 
gold ir. Mexico. The palladium haAing been precipitated from the muriatic solution 
of the platinum-ore previously saturated wdth soda by the cyanide of inei'cury, 
muriatic acid is to be poured into the residuary liquid, and the mi.xture is to be 
evaporated to dryness, to expel the Imirocyanic acid, and conv(Tt the nnit/illic salts 
into chlorides. The dry mass is to be nduced to a very fine jiovvder, and washed 
with alcohol of specific gravity 0'837. This solvent takes possession of tlie double 
chlorides which tne sodium forms wiili tlie ]>latin«m, iridium, c()}>por. and mercury, 
and does not dissolve the double chloride of rhoilium and sodium, but. leaves it i?i the 
form of a powder of a fine dark-re<l colour. This salt being wa^iied w’ith ale(di(>l, 
and then exposed to a very strong heat, affurils the rhodium. But a belter mode of 
reducing the metal upon the small scale consists iu heating the double chloride gently 
in a glass tube, w’hilo a stream of hydrogen pass(;8 f)ver it, and then to wash away 
the chloride of sodium with water. 

Ehodium resembles platinum in appearance. According to Wollaston, the specific 
gravity of rhodium is 11. It is insoluble by itself iu any acid ; but wdien an alloy of 
it with certain metals, as platinum, copper, bismuth, or lead, is treated wdtli aqua 
regia, the rhodium dissolves with the other metals ; but when alloyed with gold 
or silver, it will not dissolve along with them. It may, however, be rendered 
very soluble by mixing it in the state of a fine powder with cliloridc of potassium or 
sodium, and heating the mixture to a dull rod-heat, in a stream of chlorine gas. It 
thus forms a triple salt, very soluble in water. The solutions of rhodium are of a 
beautiful rose colour, whence its name. Its chief use at present is for making the 
unalterable nibs of the so-named rhodium pens. 

The following remarks from a recent paper by Doville and Debray, ‘ On some fro- 
perties of the to-called Platinum Metals' are full of interest. These chemists prepare 
rhodium by fusing platinum-residues with an equal w^eightof lead and twice its w eight 
of litharge. When the crucible has attained a bright red heat, and the litharge is 
thorough^ liquM, the crucible is shaken once or twice, and is then allowed to cool 
slowly. The button of lead, which contains all the mettils in the residue less oxidisable 
than lead, is tr^ted with nitric acid, diluted with an equal volume of water, which 
removes, besides the lead, the copper and the palladium. The insoluble powder wiiich 
remains is mixed with five times its weight of binoxide of barium, weighed exactly, 
and is heated to redness in a clay crucible lor one or tw'o hours. After this it 
is first treated with water, and then with aqua regia to remove the osraic acid. 
When the liquor has lost all smell, sufficient sulphuric acid is added to exactly 
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precipitate the baryta. It is then boiled, filtered, and evaporated, first adding to it a 
little nitric acid and then a great excess of sal-ammoniac. The evaporation is carried 
to dryness at 212^, and the residuum is washed with a concentrated solution of sal- 
ammoniac, which removes all the rhodium. When the washings are no longer 
coloured, the liquor is evaporated with a great excess of nitric acid, which destroys 
the sal-ammoniac, and when only the salt of rhodium is left, the evaporation is 
finished in a porcelain crucible. The rhodium salt is now moistened with hydro- 
sulphide of ammonia, mixed with three or four times its weight of sulphur, and the 
crucible is heated to bright redness, after which metallic rhodium is left in the 
crucible. So obtained rhpdiura may be considered almost pure, after it has been 
boiled for some time, first in aqua regia, .and then in concentrated sulphuric acid. To 
obtain it perfectly pure it must be melted with four times its weight of zinc. The 
alloy is treated witJi concentrated hydrochloric acid, which dissolves most of the 
zinc, but leaves a crystal] iuo matter whicJi ^s really an alloy of rhodium and zinc in 
definite proportions. This is dissolved in aqua regia, and the solution is treated with 
ammonia until the precipitate first formed is redissolved. The solution is boiled and 
evaporated, by which is obtained the yellow salt, or chloride of rhodium. This is 
purified by repeated crj’stallisation, and then calcined with a little suli)hur, by which 
means rhodium is procured absolutely pure. 

Rhodium melts less easily, than platinum, so much so that the same fire which will 
liquefy 300 grammes of platinum only will melt 40 or 50 grammes of rhodium. It 
is not volatilised, but it oxidises on the surface like palladium. Less white and 
lustrous th.an silver, it has about the same appearance as aluminium. When perfectly 
pure it is ductile and malleable, at least after fusion. Its density is 12*1. 

The alloys of rhodium, those at least which have been examined, are true chemical 
combinations, as is shown by the high temperature developed at the moment of their 
formation. The alloy with zinc already described resists the action of muriatic 
acid, but in contact with air and the acid there is soon a well-marked rose-coloratiou 
which reveals an oxidation of the two metals under the double influence of the air 
and acid. The alloy with tin is crystallised, black, brilliant and fusible at a very 
high temperature. 

RUODOXrXTE. A siliciito of manganese, sometimes containing iron, magnesium 
and calcium, found chi(!fly in Sweden. 

&BOMB SPAS. Native carbonate of magnesia. 

KHITBASB {lihnim). Thirteen species of plants have been named as yielding 
the medicinal rhubarb; it has, however, been recently determined that the liheum 
officinale is the true rhubarb plant. The best rhubarb is called Turkey rhubarb, and 
only procured by the Russians, at Kiaebtix, from the Chinese. Several species of 
rhubarb are cultivated in this country, for the agreeable acidity of their stems. — See 
Element. s of Materia Medica, by Bentley and Redwood. 

BBVS. The Sumach, which see. 

BBirsIlCB. Jihmma turcomm. Used as a depilator}\ 

&ZABOCCA WOOD, or Kiabocca woody an ornamental wood obtained from the 
East Indies. It is not known wdiat tree produces it. It is much used for making 
ornamental boxes, desbs, and the like. 

BlBBOir nSAWFACTBllB. This differs in no particular respect from the 
manufacture of woven fabrics in similar materials. See Silk, and Weaving. 

BZCB. {Oryca mtiva, Linn.) This plant, originally a native of Asia, is now 
extensively cultivated in Iiitlia, China, the islands of the Etistern Archipelago, in 
the West Indies, Central America, and the southern of the United States. Roxburgh 
informs us that there ai*e above forty different varieties. Carolina and Patna rice are 
tlio kinds most esteemed in this coiintiy. Braconnot i^Aun, Chim, Fhys,) has given 
the following analyses of tw'o varieties of rice : — 


Starch 
Woody fibre 
Gluten 
Tallowy oil 

Sugar (uncr}\stiilli.sable) 
Glim 


Carolina rice 

8507 

4-80 

3'6() 

013 

0*29 

0-71 


Piedmont rico 
83-80 
4*80 
3-60 
025 
0-25 
0-10 


The inorganic coustituouts being, as estimated from the ash of the grain, as follows: 
— Potash, 18-48; soda, 10-67; lime, 1*27; magnesia, 11*69; oxide of iron, 0*45; 
phosphoric acid, 53’3C ; chlorine, 0 37 ; silica, 3*35. 

Rice is used as food by a hundred million.s of the inhabitants of the earth, and it is 
employed as an agreeable and nutritive diet in various forms by ourselves. 
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Biet imported in 1873. 



Quarters 

Value 

Sough and in the husk : , 

- ■ - 

£ 

From Mauritius 

2,248 

3,380 

„ British India : 



„ Madras 

4,605 

10,644 

n Bengal and Burmah 

11.061 

18,387 

i. Other countries .... 

1 

858 

1,129 

Total . . . . 1 

18,772 

33,540 

Ditto, not rough or in the husk: ' 

Cwts. 

£ i 

From Holland 

36.934 

46,754 j 

„ Japan 

119.301 

71,621 1 

„ British India : 


; 

„ Madras 

261,121 

135.201 1 

„ Bengal and Burmah 

6,008,225 

2,920.204 

„ Other countries . . . , | 

114,737 

68,594 1 

Total . . . . ; 

6,540,318 I 

.3,251,434 j 


Kice not in the husk imported in 1874 . 7,002,798 3,021,910 


UCB CXXAVnrO* Various machines have boon contrived for offocting tliis 
purpose, of which that invented by Mr. Mehdl Wilson may be regarded as a good 
example. It consists of an oblong hollow cylinder, laid in an inclined position, 
having a great many teeth stuck in its internal surface, and a central shaft also 
furnished with teeth. By the rapid revolution of the shaft, its teeth are carried 
across the intervals of those of the cylinder i^dtli the effect of parting the grains of 
rice, and detaching whatever husks or impurities may adhere to them. A hopper is 
set above to receive the rice, and conduct it down into the cleansing cylinder. 

About 80 teeth are supposed to be sot in the cylinder, projecting so as to roach very 
nearly the central shaft, in which there is a corresponding numl»er of toetli, that pass 
freely between the former. 

&ZCS»PJLPB&« A name given to the material on which the Hindoos and 
Chinese paint flowers, &c. It is the pith of the Aralia pap^rifera. See 1 ’apkr. 

mZCB-STAKCB. See S7 'Akch. 

BDDXMOa In mining, a term used in the Newcastle coal-field for the operation 
of separating the iron ore from the coal-shale. 

BXDSnt* In mining, a projecting piece of rock crossing a fissure or mineral vein, 

and thus dividing it. 

BZnJUL Sifted Ordnance and Fire-arms are described under Aetillruy and 

Fiee-abks. 

BnSTMASnrS OBBBW* Oxide of cobalt and oxide of zinc. 

BZWmrCI BCACBUrS of Fairbaim. The invention of the riveting machine 
originated in a turn-out of the boiler-makers in the employ of that engineer about 
thirty years ago. On that occasion the attempt was made to rivet two plates 
together by compressing the red-hot rivet in the ordinary punching-prcss. The 
success of this experiment immediately led to the construction of the original machine, 
in which the moveable die was forced upon the rivet by a powerful lever acted uixm 
by a cam. A short experience proved the original machine inadequate to the nuinor- 
ous requirements of the boiler-maker’s trade, and the present form was therefore 
adopted some years afterwards. 

The large stem a {fig. 1711) is made of malleable iron, and having an iron strap, n b, 
screwed round the base, it renders the whole perfectly safe in case of the dies coming 
in contact with a cold rivet, or any other hard substance during the process. Its con- 
struction also allows the workmen to rivet angle-iron along the edges, and to finisli 
the comers of boilers, tanks, and cisterns ; and the stem being now made 4 feet C 
inches hi^, it renders the machine more extensive in its application, and allows of 
its riveting the fire-box of a locomotive boiler or any other work within the given 
depth. _ 

in addition to these parts, it has a broad moving slide, c, in which are three dies 
corresponding ynUb. others in the wrougbt-iron stem. By using the centre die, every 
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description of flat and circular work can bo riveted, and by selecting those on the 
sides, it will rivet the corners, and thus complete vessels of almost every shape. This 
niachino is in a portable form, and can bo moved off rails with caro to suit the article 
suspended from the shears. 



The introduction of the knoo-joint gives to the dies a variable motion, and causes 
the greatest force to be exerted at a proper time, viz. at the closing of the joint and 
finishing of the head of the rivet. 

In other respects tlie machine operates as before, effecting by an almost instanta- 
neous pressure what is performed in the ordinary mode by a long series of impacts. 
The machine fixes in the firmest manner and completes eight rivets of |-iuch diameter 
in a minute, with the attendance of two men and boys to the plates and rivets; 
whereas the average work that can be done by two riveters, with one ‘ holder on ' 
and a boy, is 40 J-inch rivets per hour; the quantity done in the two c^es being in 
VoL. III. Z Z 
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the proportion of 40 to 480, or as 1 to 12, exclusive of the saving of one man’s labour. 
The cylinder of an ordinary locomotive-engine boiler 8 feet 6 inches long and 3 feet 
diameter can be riveted and the plates fitted completely by the machine in 4 hours ; 
whilst to execute the same work by hand would require with an extra man 20 hours. 
The work produced by the macliiuo is likewise of a superior kind to tlint made in 
tlie ordinary manner ; the rivets being found stronger, and the boilers more free from 
leakage, and more perfect in every respect. The riveting is done witliout noise, and 
thus is almost entirely removed tlio constant deafening clamour of the boiler-maker’s 
hammer. 

XOAJr. The name of a common leather used for book-binding, and for slippers. 
It is prepared from sheep-skin by tanning with suinacb. See Leathkk. 

ltOA8TZlVO> ORS8. The operation of roasting is executed by various pro- 
cesses, relatively to tlie nature of tlio ores, the qujility of the fuel, and to the ol^eet 
in view. 

Three principal methods may be distinguished: 1, the roasting in heaps in the open 
air, the most simple of the whole ; 2, the roasting executed between little walls, and 
which may be called caso-roasting {liotfi-siadcl in German); and 3, roasting in 
furnaces. 

1. The roasting in the open air, and in heaps more or loss considerable, is practised 
upon iron ores, and such as are pyritous or bituminous. Tlie operation consists in 
general in spreading over tlie plane area, often bottomed w'ith beaten clay, billots of 
wood arranged like tlie bars of a gridiron, and sometimes laid crosswise over one 
another, so as to form a uniform flat bod. tiometimes wood-charcoal is added, so as to 
fill up the interstices, and to prevent the ore from falling between the other pieces 
of fuel. Coal is also employed in moderately small lumps ; and even occasionally 
turf. The ore, either simply broken into pieces, or soiiH'times uncicr the form of 
schlich (fine pyritous sand), is piled up over the fuel ; usually alternate beds of fuel and 
ore are formed. 

The fire, kindled in general at the lower part., but sometimes, however, at the 
middle, gradually spreads, putting the operation in train. The combustion must 
be so conducted as to be slow and suffocated, to prolong the ustulation, and let tho 
whole mass be equably penetrated with hcfit. The means employed to direct tho fire, 
are to cover outwardly witli earth the portions wdicre too much activity is displayed, 
and to pierce with holes or to give air to those whore it is imperfocUy di;velopod. Iliiiris, 
winds, variable seasons, and es 2 >ecially good primary arrangements of a calcination, 
have much influence on this process, wdiich requires besides an almost incossant in- 
spection at the beginning. 

It may bo laid down as a good rule, to employ no more fuel than is strictly necessary 
for the kind of calcination in hand, and for siiiqx>rt.ing the eomljustinn ; for an excess 
of fuel w'ould produce, besides an expense msclessly iiicurroJ, tin inconveiiicaice, at 
times very serious, of such a heat as may melt or vitrify the ores : a result entirely 
the reverse of a wcll-conductod ustulation. 

Figs, 1712, 1713, 1714, represent the roasting in mounds, as practised near 
Goslar in the Ilartz, and at Chossy in the Dejuirtment of the lihCne, Fi(f. 1712 is a 

1712 1713 




verticftl section, in the line he, of fg. 1714. In 1713 there is shown in jdan, 
only a little more than one-half of the quadmngular truncated pyramid, whieli con- 
stitutes the heap. Fig. 1714 shows a little more than one-fourth of a bed of wood, 
arranged at the bottom of tho pyramid, as shown by a a, Jig. 1712, and cgh, Jig. 
1714. c is a wooden chimney, formed within the heap of ore, at whose bottom, c, 
there is a little parcel of charcoal; dd are large lumps of ore distributed upon 
the wooden pile a a; ee are smaller fragments to cover tlio larger; // is rubbish 
and clay laid smoothly in a slope over the whole. g,fig. 1714, a passage for air left 
under the bod of billets, of which there is a smaller one in each of tho four sides of 
the base a a, so that two principal currents of air cross under tho upright axis c c, of 
the truncated pyramid inacated in Jig. 1712. 

Burning wood is thrown in by the chimney c. The charcoal and tho wood take 
fire; the sulphiUKras oreSi deft are heated to such a high temperature as to vaporise 
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the sulpliur. In the Lower Hartz, a heap of this kind continues roasting during four 
months 

2. The second method. The difficulty of 
managing the lire in the roasting of substfinoes 
containing little sulphur, with the greater 
difficulty of arranging and supporting in their 
place the fine ores to bo roasted, and last of all, 
the necessity of giving successive fires to the 
same ores, or to inconsiderable quantities at a 
time, have led to the contrivance of surround- 
ing the area on which the roasting takes place 
with three or four little walls, leaving a door 
iu the one in front. This is what is called a 
walled area, and sometimes, improperly enough, 
a roasting-furnaco. Inside of those Malls, 
about 3 feet high, there are often vortical con- 
duits or chimneys made to correspond M’ith an 
opening on tiio ground level, in order to excite 
a draught of air in the adjacent parts. When 
the roasting is once set going, these chimneys can be opened or shut at their upper 
ends, according to the necessities of the process. 

Several such furnaces are usually erected in connection M'ith each other by their 
lateral walls, and all terminated by a common wall, which forms their posterior part ; 
sometimes they are covered with a shed supported partly by the back wall, built 
sufficiently high for this purpose. These dispositions iire suitiible for the roasting 
of ichlichs, or pyritic sands, and iu general of all matters wdneh are to have 
several fires ; a circumsUinco indispensable to a duo separation of the sulphur, 
arsenic, &c. 

3. The furnaces employed for roasting tho ores and mattes differ much, according to 
the nature of the ores, aud the size of tho lumps. Wo shall content ourselves with 
referring to the principal forme. 

When iron ores are to be roasted, which require but a simple calcination to disen- 
gage the combined water and carbonic acid, egg-shaped furnaces, similar to those in 
which limestone is burned in contact with fuel, may bo conveniently employed ; and 
they present tho advauUige of au operation which is continuous with a nover-cooliug 
apparatus. 8ee Iuon. 

it has been attempted to employ the same method a little modified, for the roasting 
of ores of sulphide of copper aud pyrites, Mutli a view of extracting a part of tho 
sulphur. More or less success has ensued, but without ever surmounting all the ob- 
stacles arising from tho great fusibility of tho sulphide of iron. For it sometimes 
runs into one mass, or at least into Jumps agglutinated together in certain parts of 
tho furnace, and the operation is either altogether stopped, or becomes more or loss 
languid ; tho air not being able to penetrate into all the parts, tho roasting becomes 
consequently imperfect. This inconvenience is even more serious than might at first 
sight appear; for, as tho ill-roasted ores now contain too little sulphur to support 
tlieir combustion, and as they sometimes fall into small fragments in tho cooling, they 
cannot bo passed again through the same furnace, and it becomes necessary to finish 
the roasting in a reverberatory hearth, Mdiich is much more expensive. 

In the Pyrenees, the roasting of iron ores is executed in a circular fiirnaco, so 
disposed that tho fuel is contained and burned in a kind of interior oven, above whicli 
lie tho pieces of ore to be calcined. 8ometime.s tho v'ault of this oven which sustains 
the ore, is formed of bricks, leaving I'ctM'eoii them openings for the passage of tho 
flame and smoko, aud the apparatus then resembles certain pottery-kilns: at 
other times tho vault is formed of largo lumps of ore, carol'ully arranged as to the 
intervals requisite to bo left for draught ov'er tho arch. I’he broken ore is then dis- 
tributed above this arch, care being taken to place the larger pieces undermost. This 
process is simple in the construction of the furnace, and economical, as l>ranches of 
trees, without value in the forests, may bo employed in the roasting. See Kiln. 

In some other countries, the ort'S are roasted in furnaces very like those in which 
porcelain is baked; that is to say, the fuel is ]>laeed exteriorly to tho body of the fur- 
nace in a kind of brick shafts, and the llame traverses tho broken ore with which the 
furnace is filled. In such an ap^jaratiis the calcination is continuous. 

When it is proposed to extract tho sulphur from iron pyrites, or from pyritous 
minerals, different furnaces may be employed, among which that used iu Hungary de- 
serves notice. It is a rectangular parallelopiped of four walls, each of them being 
perforated with holes and vortical conduits which lead into chambers of condensation, 
where the sulphur is colloctei The ore placed between the four walls on billets of 
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wood amnged as in fig, 1714, for the great roastings in the open air, is cal- 
cined with the disengagonoient of much sulphur, which fiiids more facility in escaping 
by the lateral conduits in the walls, than up through tlic whole mass, or across the 
upper surface covered over with earth ; whence it passes into tlio chambers of conden- 
sation. In this way upwards of a thousami tons of jyritee unwy be roasted at once, 
and a largo quantity of sulphur obtained. See Pyrites. 

The reverberatory furnace affords one of the best means of ustulation -whoro it is 
requisite to employ the simultaneous action of heat and atmospheric air to destroy 
certain combinations, and b) decompose the sulphides, arsenides, &c. See Copruu. 

In every case where it is desired to have a vcTy perfect roasting, as for blende 
from which zinc is to bo extracted, for sulphide of antimony, (fee., or evtai for ores 
reduced to a very fine powder and destined for amalgamation, it is ]>rGper to perform 
the operation in a reverberatory furnaeo. Wlion very fusible sulphurous ores a,ro 
treated, the workmen charged with tlu‘ calei nation must employ niiieli care and 
experience, chiefly in the nianagement of llie lire. It will sometimes, indeed, liappen 
that the ore partially fuses, wIkh it liecMnnes necessary to withdraw the materials 
from the furaace, to let them cool and grind them anew, in oi’dei* to recommenoo 
the operation. The construction oJ‘ tliese fiirnai'es demands no other attention 
than to give to the solo or laboratory the suitable size, and so to projiortioii to 
this the grate and chimue}’ that, the heating may bo effected with the grcfitust 
economy. 

The reverberatory furnace is always employed to roast ores of tlie prt'cious metals, 
and especially those for amalgamation; as the latter often contain arsenic, antimony, 
and other volatile substancajs, they must be disposed of in a peculiar mauncr. 

The sole, usually very spa(;ious, is divided into two parts, of whicli the one farthest 
off from the furnaeo is a little lower than the other. Above the vault, there is a space 
OP chamber in which the ore is deposited, and which eomnuini cates with tlio laboratory 
by a vertical passage, whicli serves to allow the ore to bu ]>uslicil down when it is dried 
and a little heated. The flame and the smoke which escajK; from the sole or laboratory 
pass into condensing chambers before erileriiig into the chimney, so as to dc])(>sit in 
them the oxide of arsenic and other substvinces. When the on* on the part of the 
sole farthest from the grate has suffered so much heat as to liegin to be roasted, has 
betmme less fusible, and when the roasting of that in the nearer part of the sole is 
completed, the former is raked towards the fire-l^ridge. and its usttilation tinished by 
stirring it over frefjueiitly with a paddle, skilfully workeil, through one of tlu^ doors 
loft in the side for this purpose. I'iie operation is coiisidi'red V)e tlnislmd wIk-u 
the vapours and the smell have almost wholly ceased ; its duration depending obviously 
on the nature of the ores. 

When this furnace is employed to roast veiy arsenical ore.'s, the chambers (jf con- 
densation for the arscuious acid are much more extensive than in furnaces comuioiily 
used. 

Compared with the German Hostlifcv, the mechanical furnaces arc less effiei(;nt for 
the calcination of silver ore.*^, particularly when the <itvh ojicrated on arc very 
damp and contain much sulphur ; in which case the excessive production of lumps 
becomes a serious inconvenience to contend with. 


1715 1716 



But in the treatment of the silver ores of Hiendelaeiicina, they possess the advan- 
of calcimng a large quantity of ore in a given time, and require no further 
attendance than is necessary for supplying them with ore and fuel. Tlie supply of 
luel 18, however, subject to great neglect. The management of the fires is neverthe- 
less a matter of much importance, for should they be forgotten, and the heat get much 
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reducod, the minoml, from continuing to pass at tho same rate through the furnace, 
cannot ho properly calcined. 

To prevent tho fires getting low, and to raise 
them after being neglected, tin; workmen often 
load tho grate with fuel, tho result of which is to 
overheat tho ore and cause a great waste of wood. 

Figs. 1715, 1716, and 1717 represent a re- 
verberatory furnace employed in the smelting 
works of Jiautcnthal, in tho ITartz, for roasting 
the schUchs of lead ores, wliioh contain mu(*li 
blende or sulphitlc of zinc. In.////. 1715 we see 
that tho two sides, arc al/solntely like, the two 
furnaoc'S being built in one body of brickwork. 

Fig. 1716 is the plan of the furnace nc, Uiken 
at tho level ef of fig. 1715. Fig. 1717 is a 
vertical section of the similar furnace A n, taken 
ill the prolongation of tho lino oit in.^^. 1716. 

a is tho lircplace of tho furnace, its grate, 
and ash-pit. h is tho conduit of A’aporisution, 

M'hich communicates with the chambers c; into 
which tho vaporised substances arc deposited; 
d. chimney for tho escape of the smoko of the 
fireplace a, afUa* it has gone through tho space 
hcc\ c' is the charging door, with a hook hang- 
ing in front to rest the long iron rake upon, 
with which the materials are turned over; /, 
chamber containing a quantity of scklich destined 
for roasting ; this chamber communicates with the vaulted corridor (gallery) n, seen 
ill fig. 1715 ; g, orifice through which the schUch is 1 brown into tho furnace ; h, area 
or henrlh of the reverberatory furnace, of whicli tho roof is certainly much too high ; 
i, channels for the escape of the watery vapours ; k I, front arcade, between which and 
tlic furnace, properly speaking, are tin* two orifices of the conduits, which terminate at 
the channels m m'. m is the channel for carrying towartls the chimney, /f, tho vapours 
which escape by the door d. n is a w'allod-uj) door, which is open(;d from time to 
time, to take out of the chambers c.c, the subslatices that may be; deposited in them. 

At the smelting-works of Lauteiithal, in such a roasting-furnace, from 6 to 9 
quintals (cwts.) of s(Mich are treated at a time, and it is stirred frequently with an 
iron rake upon the altar h. The period of this operation is from 6 to 12 hours, 
according as the schlich may be more or less dry, more or less rich in lead, or more or 
less charged witli bbrnde, NVheii tin; latter substance is abundant, tho process requires 
12 hours, with about GO cubic feet of cleft Inllets for fuel. 

Ill such furnaces are roasted the cobalt ores of Schneeberg in »Saxony, the tin ores 
of Selilackenwald in llolnimia, of Ehrenfriedersdorf in Saxony, and elsewhere; as also 
the arsenical pyritt;s at (ioyer in Saxony. 13iit there are poison towers and extensive 
condensing chambers attaelicd in the latter ease. 

Pur a description of Gerstenhofer’s furnace for roasting metallic sulphides, see 
COPPEU. 

ltOCC£Xi2iAf from the Italian roccci, ‘ a rock ; ’ a genus of lichens. Sco Abchil ; 
Lichens. 

ROCCB1.X.XC ACXD. A fatty acid obtained from tho JxocccUa imetoria. 

XlOCHXIIiIiXS SAJmT. A double tartrate of soda and potiish : mixed with some 
Cfirbonato of soda, and an equivalent of tartaric acid being added, after the salt is 
dissolved, it forms the artificial seidlitz- water. 

XIOCB or XLOCBL AXiXJIlX. A fiictitious article consisting of crystalline frag- 
ments (jf alum not larger than almonds, coloured with Venetian rod. See Alttm. 

BOC3C. A term used in South SUiffordshire by minors to denote any hard sand- 
stone. 

ROCK; CRYSTAXi. A very fine transparent and colourless variety of quartz, 

ROCR-BStlXiXi or PXSRFORATOR. The rock-drill invented by Mr. Ingersol 
has achieved a high reputation in tho mines of America. It has been introduced to 
this country by Messrs. Le Gros and Silva, and having excited much attention must 
be briefly described. 

The chief principles and characteristic features of this rock-drill are, that the 
motive pressure is continued until tho stroke of tho piston takes effect in a blow on 
tho rock (in lieu of being cut off at a point antecedent to the rock being struck), 
wdiereby an important accession of speed in peiietrution is attained ; and that the feed 
or forward motion of the machine is strictly and completely automatic, dependent 
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solelj upon, and proceeding pari passw with, the actual work done, so that however 
variable maj be the Wdness of the rode on which it is opernting, the piston acts on 
the feed-motion only when and so long as adequate penetration has been effected, 
thereby conducing to rapid and regular drilling, and steady progress and work. It 

appears to be an economical and 
effective machine, for all the 
operations of quarrjnng and 
mining, for rock excavations and 
removal by blasting, for shafts, 
sewerage works, tunnels, drift- 
ways, headings, &c., in mines, 
quarries, and various other engi- 
neering and constructive works. 
It may be worked by steam or 
compressed air, and so mounted 
as to drift bore-holes horizon- 
tally, vertically, or at any re- 
quired angle. For example, as 
shown in the engravings, the 
ordinary tripod form {fig. 1718) 
is suitable for ordinary vertical 
drilling, and for boring holes in 
very narrow and irregular places, 
(iriitways, &c. ; for railway tun- 
nels, and the heavier class of 
operations, a car is emjdoyod with several drills mounted thereon 1719); and, 
again, fig. 1720 shows the ordinary form of ‘gadding car,’ designed for boring hori- 
Bontal as well as vertical holes, to enaldo blocks of stone of any desired dimensions 
to be taken out of a quarr}'. 

The mechanical construction and details are as follow : — It is one of the class of 
machines known as a percussive rock-drill, comprising a cylinder with a double-action 
reciprocating and rotating piston, with a piston-rod terminating at its outer extremity 
in a drilling or cutting tool. The drill-bar is raised by the upward pressure of the 
expansive fluid employed, upon the piston, and falls on that being withdrawn, the im 
pulse of the downward stroke being aided and intensified by the expansive pressure 
when admitted, in alternation, to act upon the upper side of the piston ; this in case 
of vertical downward drilling ; in horizontal and overhead drilling, the weight of the 
piston, rod, and drill-bar is overcome, and the tool propelled against the rock to be 

1719 


1718 




bored, like a projectile from a gun, by the expansive force employed. I'ho reciproca- 
ting motion of the piston itself is the automatic agent in effecting the alternate open- 
ing of the ports and the change of steam, induction, and eduction. Attached to tlio 
cylinder is a steam-chest and common d slide-valve, actuated by two short valvc- 
stenw, one at each end, which are worked by tappets having rounded shoulders, pro- 
jecting into the cylinder, and so situated that the piston strikes against them at the 
completion of its stroke in either direction ; on contact with either of the tappets, the 
piston thus not only effects a suitable change of steam by moans of the valves, but at 
the same timo restores the other tappet, at the opposite end, to its due projecting posi- 
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acted upon at the return stroke. At each change the steam is 

t2“" “ ■“* 

allowed, rushes in to cushion tho pis- 1720 

ton and arrest and reverse the motion. 

Tho self-acting feed-motion, ■where- 
by tho ponetrati on of tho rock, resulting 

from tile rapid succession of blo'ws, | 

is mechanically accompanied by a cor- u 

responding advc'inco in tho boring H 

machine itself, is actuated by means of M 

another tappet, attached to the oppo- H 

site side of the cylinder, so as to pro- n 

ject into the cylinder at a point in tho S 

lower clearance below the valve-tappet 

and fitted with a spring for returning m 

it into position after being struck; n 

this feed- tappet is ciirried on to tho | 

external spindle, extending tho oppo- H 

site or upper end of tho cylinder, and Hun 

there acting by means of a pawl upon B j 

a ratchet-wheel or collar, attiichod to / ® 

tho cylinder so as to woi’k round the flf/ jL 

feed-screw ; and the action of this do- IF 

vice is such that tho feed is exactly =! ® l| \\jl 

proportioned to tho progress of the Jjpp — ' S [r==* 

work. If from excessive hardness or ^rr-z — I 

any other cause, the blow is ineffective, 

and tho penetration deficient, he., loss 

than^ tho distance between the valve 

the piston fails to actuate tiie food- 


motion, and the cylinder remains stationary for tho time. It will readily bo under- 
stood that the cylinder is fitted so as to slide in the frame, which is a scmi-cyliiulrical 
shell, provided with V-shaped projections fitting into external grooves on the cylinder; 
tlio lecd-scrow is athichcd by a collar to the curved arm or bar on tho head of tho 
frame, and has a square headon which a winch-handle fits, whereby, when tho cylinder 
has been fed forw'ards by the ratchet-and-pawl motion to tho end of tho guides or 
slides, it may bo brought back by hand, ready for further operations, for which a 
longer drill-bar would have to bo attached. 

There remains to bo noted another speciality in tho mecliaiiism, viz., the devico 
whereby the necessary continuous, stop-by-step, and partial rotation of tho drill-rod, 
and piston is effected at each return stroke. This is effected by a peculiar rifling 
arrangement, which is brought to boar upon tho interior and upper part of the piston 
and rod. For this purpose a suifibly-ritlcd round stcel-bar is attached by a collar to 
the top cylinder cover, and provided with a ratchet and pawls, so that it is free to 
^^to in one direction only ; this bar has eight spiral grooves, one complete turn in 
7 feet being the pitch, and projects downward into a corresponding hole bored in tho 
piston and rod, which are fitted -wilh a brag- nut fitted thereto, and rifled to correspond, 
i y this means tho rifled-bar and the piston ami drill-bar are alternately made to 
make of a conipleto revolution at each stroke; on tho down -stroke of tho piston, which 
IS straight, the rifled-bar is caused partially to rotate ; but as it cannot go back on tho 
upstroke, the piston takes tho rifling and rotates partially in its turn ; and tho stroke 
and pitch are so proportioned that one entire revolution is made in about twelve com- 
plete strokes. 


The smallest size of these r(x*k-drills has a 2.1 -inch cylinder, and weighs only 173 
bs. (<^ylinder 123 lbs.); its piston-stroke is 3.’ inches, and it is Ciipable of boring 
iiolesfrom -^-inch to Ij-i rich diameter to 10 feet deep, averaging, in the hardest crystal- 
line traj)-rock, about 35 feet linear of 1-inch hore-hole in a day of ten hours. In the 
largest size, weighing 818 lbs. (cylinder 558 lbs.), 5-inches cylinder, the stroke is vari- 
able, 8 inches lor soft, and 5i inches for hard rock. Tho drill-holes may be from 
If to 0 inches, and to a depth of 40 ffot. With this machine a day’s work of ten hours 
would average 25 feet of 3 J -inches bore-liole in the hardest trap. The small size 
delivers 800, and the large one 400 blows per minute, 

ROCXLBTS. See Pyuotechny. 

PAT* See Adipocere. 

ROCS OIL. A name for petroleum. See Naphtha ; Paraffike; PETROLEHit, 
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. moox SAZiT. Soe Salt. 

mOB STOITB. A name for from its being like the roc of fish. See Oolite. 
BOliUBS, BZABTXC, for printing. See Pkintino Hollers. 

BOBUBra MZBXiB* These useful aids to many of our metallurgical processes 
appear to hare been introduced to this country in the seventeenth century ; but it 

was not until 1784, when Mr. 


1721 



Cort patented ‘a new mode 
and ait of shingling, welding, 
iind mjinufacturing iron and 
stciel into bars, plates, &e.,’ 
that much attention was di- 
rected to the. value of the 
rolling mill. 

Fig. 1721 is a front view 
of a pair of rollers, used in 
the manufacture of iron in 
connection with the puddling 
furnace. Tlu'y are about 4 
fe(‘t long, divided into four 
parrs, the largest being about 
20 inches in diameter. Tlic 
portion of the upper roller 
under which the metal is first 
passed, is cut in a deep and 
irregular manner, resembling 
that chiselling in stone called ‘ mosaiqne-work.’ that it may the more easily get hold of 
and compress the metal when almost in a fluid stale. TJie plate is next passed under 
the cross-cut portion of the roller, and successively throiigli the flat, sections. TJhj 
lower roller, it will be observed, is formed with raised collars at intervals, to keep the 
metal in its proper course. The rollers are conneeled by cog-wheels placed upon 
their axes; upon the lowermost of the.se, works also Ilie‘ wheel by means of wliich 
the revolution is communicated. The cheeks are of east iron, very massive, that tin y 
may bear the violent usage to which they are sul'jected. 

We cannot go into tlie numerous purposes to which rolling mills of this kind are 
applied; a few may however be mentioned. 

The practice of ‘ slitting * sheets of metal into light rods, either for the use of the 
wire-drawers or of nail-msikers, is curried out Jy means of two large steel rollers, 
channelled circularly, as mjig. 1722. These are so placed that tlie cutters or raised 
parts of one roller, which Jirc exactly turned for that purpose, shall work in corrc' 
standing channebs of the other roller, thus forming wiiat may lie called revolving 
shears, for the principle is that of clipping ; so that a sheet of metal on being passed 
through this machinery, is separated into slips agTceing in size "with the divisions of 
the rollers. 


1722 


i72;i 



For the manufacture of rails, rolling mills are also employetl, fig. 1723 representing 
a rolling mill as constructed for rolling Birkinshaw’s rails. The open spaces along 
the middle of the figure, and which owe their figure to the moulding on the periphery 
of the rollers, indicate the form assumed by the iron rail as it is passed successively 
from the larger to the smaller apertures, till it is finished at the last. 

For a turner description, and for the arrangement of rolling mills and slitters, see 
Iron. ^ Beyond these few notices the character of this Dictionary will not admit of 
our going; the reader is therefore referred to the works which have been published 
on the Metalluigy of Iron and Steel, for further information. 

Rolling mills nave been patented for rolling tubes for gas and other purposes. Sea 
Tunis. 



ROPE-MAKING 713 

AOMAZr A&VM. An alum extracted from the volcanic rocks of the Solfatara ; 
it contains more alumina than the common alum. Soo Atxji. 

KOMAX CSMEXTS. Under the name of Koman cement, some hydraulic mor- 
tars, varying considerably in their chemical composition, though physically possessing 
the same general character, are sold. Like all the hydraulic cements, it is an 
argillaceous lime. It is usually manufactured from a dark brown stone — a carbonate 
of limo with much alumina — found in the Island of Shoppy. This stone is calcined 
and mixed with a ccrtiin proportion of sand. 

Any hydraulic limestone, that is, one containing from 1 5 to 20 percent, of clay, 
will, when properly prepared, form this cement. Calcine any ordinary clay, and 
mix it witli two-thirds its quantity of lime, grind to powder and calcine again ; this 
makes a very beautiful cement, improperly called Boman, since the preparation was 
entirely unknown to the Bomans. See Hyuraxtlic Cement. 

ROIMLAX OCHRE. A deep and powerful orange-yellow colour, transparent and 
duniblc. It is used both raw and burnt by artists. The colouring-matter is oxide 
of iron mixed with earthy matter. Seo Ochre. 

ROMAX VZTRZOXi. See Copeeu. 

ROOFZXG, ASPHAETE. Patent asphalto roofing felt, particularly applicable 
for warm climates. It is a non-conductor. It is portable, being packed in rolls, and 
not being liable to damage in carriage, it effects a saving of half the timber usually 
required. It can be easily applied by any unpractised person. From its lightness, 
Weighing only aliout 42 ll>s. to the square of 100 feet, the cost of cartage is small. 
The felt can be laid on from gable b* gable, or across tlic roof from eaves to eavtis. 
It is essential that it should be stretched tight and smooth, overlapping full one inch 
at. the joinings, and closely nailed throiigli die overlap with twopenny fine clout nails 
(heated in a shovel aud thrown when hot into grease to prevent rust), about H inch 
apart, but copper nails are preferable. 

TJio xvholo root must have a good coating of coal-tar and lime (about two gallons 
of the former to six pounds of the latter), well boiled together, kept constantly 
stirring while boiling, and put on hot with a common tar mop, and -while it is soft, 
some coarse sh.arp sand may lie sifted over it. The coating mn.st bo renewed every 
fourth or fifth year, or more or less frequently according to the climate. The gutters 
should lie made of two folds, one over tho other, cemented together with the boiling 
mixtiiro, 

ROOFZXG-SEATE. See Spate. 

ROPE-MAXZXG. The fibres of hemp which compose a rope seldom exceed in 
It'iigth 31- feet at an average. They must, therefore, be twined together so as to unite 
llieminto one; and tliis union is cffvted by the mutual cireumtorsion of the two 
filifes. If the compression thereby produced be too great, the strength of the filires 
at. the points where they join will be diminislied ; .so that it becomes a matter of great 
consequence to give them only such a degree of t wist ;is is essential to their union. 

Tho first part of the process of rope-makiiig by hand, is that of spinning tho yarns, 
or threads, which is done in a manner analogous to tliat of ordinary spinning. Tho 
spinner carries a bundle of dn.'ssed hemp round his -waist; the two ends of the biindlo 
being assembled in front. Having drawn out a proper num])er of fibres with his 
liand, he twists tliem with his fingers, and fixing this twisted part to tho hook of a 
whirl, which is driven by a wheel put in motion by an as.sistant, ho walks backwards 
down the rope-walk, tlie twisted part always serving to draw out more fibres from tho 
bundle round his waist, as in tho flax spinning-wheel. Tlio spinner taki;s care that 
these fibres are equally supplioil, and that they always cuter the t-wisted parts by their 
<>u(ls, and never liy their middle. As soon as he has reached the termination of the 
walk, a second spinner takes the yarn off tlie whirl, and gives it to another person to 
put upon a reel, while he himself attaches his own hemp to tho whirl-hook, and pro- 
ceeds tlown tho walk. AVhen tho person at tho reel begins to turn, the first spinner, 
who has completed his yarn, holds it firmly at tlie end, and advances slowly up tho 
walk, while the reel is turning, keeping it equally tight all tho way, till ho reaches 
the. reid, wliere ho waits till the second spinner takes his 3’arn off tho whirl-hook, and 
joins it to the end of that of tho first spinner, in order that it may follow it on the reel. 

The next ])art of the process is that of warping the yarns, or stretching them all 
to one length, which is about 200 fathoms in full-length rope-grounds, aud also in 
putting a slight turn or twist into them. 

The third process in rope-making is tho tarring of tho j’arn. Sometimes the yarns 
are made to wind off one reel, and, having passed through a vessel of hot tur, are 
wound upon another, the superfluous tar being removed liy causing the j^arn to pass 
through a hole surrounded with spongy oakum ; but the ordinary method is to tar it in 
skeins or hanks, which are drawn by a capstan with a uniform motion through the 
tJir-kettle. Yam for cables requires more tar than for hawser-laid ropes ; and for 
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stAnding and running rigging, it requires to be merely well covered. Tarred cordage 
has been found to be weaker than what is untarrcd, when it is new ; but the tarred 
rope is not so easily injured by immersion in water. 

The last part of the process of rope-making is to lay the cordage. For this pur- 
pose two or more yams are attached at one end to a hook. Tlio hook is then turned 
the contrary way from the twist of the individual yarn, and thus forms what is 
called a strand. Three strands, sometimes four, besides a central one, are then 
stretched at length, and attached at one end to tlirce contiguous but separate hooks, 
but at the other end to a single hook ; and the process of combining them togetlier, 
which is effected by turning the single hook in a direction contrary to that of the 
other three, consists in so regulating the progress of the twists of the strands round 
their common axis, that the three strands receive separately at their opposite ends 
just as much twist as is taken out of them, by their twisting the contrary way, in the 
process of combination. 

Large ropes are distinguished into the cable-laid and the hawser-laid. The former 
are composed of nine strands, namely, three great strands, each of these consisting of 
three smaller secondary strands, which are individually formed with an oqufil number 
of primitive yams. A cable-laid rope, 8 inches in circumference, is made up of 333 
yams, or threads, equally divided among the nine secondary strands. A hawser-laid 
rope consists of only three strands, each composed of a number of primitive yarns, 
proportioned to the size of the rope; for example, if it bo 8 inches in circumference, 
It may have 414 3’arns. equally divided among three strands. Thirty fathoms of jMrn 
are reckoned equivalent in length to 18 fathom.« of roj)e cable-laid, and to 20 fathoms 
hawser-laid. Ropes of from 1 inch to 2^ inches in circumfercnco are usiiall}" haw.ser- 
laid; of from 3 to 10 inches, are cither hawser- or cable-laid; but when more than 10 
inches, they are alwaj's cable-laid. 

Every hand-spinner in the dockyard is required to spin, out of the best hemp, six 
threads, each 160 fathoms long, for a quarter of a day s work. A hawl of yarn, in 
the warping process, contains 336 threads. 

The following are Captain Huddart’s improved principles of the rope manufac- 
ture ; — 

1. To keep the yarns separate from each oilier, and to draw them from bobldns re- 
volving upon skewers, so as to maintain the twist while the strand, or primary cord, 
is forming. 

2. To pass them through a register, which divides them by circular .shells of holes ; 
the number in each concave shell being conformable to the distance from the centre 
of the strand, and the angle which the yarns make with a line parallel to it, and which 
gives them a proper position to enter. 

3. To employ a tube for compressing the strand, and preserving the cylindrical 
figure of its surface. 

4. To use a gauge for determining the angle which the yarns in the outside shell 
make with a line parallel to the centre of the strand, wlmn regi.slering ; because, accord- 
ing to the angle made by the 3’arns in this shell, the relative lengths of all the yarns 
in the strand will be determined. 

6. To harden up the strand, and thereby increase the angle in the outside shell ; 
which compensates for the stretching of the jams, and the compression of tbo 

strands. 

The improvements in the manufacture of cordage at preseiit in u.se cither in Her 
Majest^s yards or in private rope-grounds, owe their superiority over the old nu thod 
of making cordage to Captain Huddart’s invention of the register-plate and tube. 

Captain Huddart invented and took a patent for a machine, w’hicli, by registering 
the strand at a short length from the tube, and winding it up as made, j)rcserved an 
uniformity of twist, or angle of formation, from end to end of the rope, W'bicli cannot 
be accomplished by the method of forming the strands down the ground, where the 
twist is communicated from one end to the other of an elastic bodjr upwards of 300 
yards in length. This registering-machine was constructed with such correctnes.*!, 
that when some were afterwards required, no alteration could be made with advantiige. 

A number of yams cannot bo put together in a cold sUitc. without considcrablo 
vacancies, into which water may gain admission ; Captain Huddart, therefore, formed 
the yams into a strand immediately as they came from the tar-kettlo, which he was 
enabled to do by his registering-machine, and the result was most satisfactorj'. This 
combination of yams was found by experiment to be 14 per cent, stronger than the 
cold remster; it constituted a body of hemp and tar imjxirvious to water, and had 
groat advantage over any other cordage, particularly for shrouds, as, after they w’ero 
Bottled on the mast-head, and properly set up, they had scarcely any tendency to 
rtretch, dfectually secored the mast, and enabled the ship to carry the greatest press 
of sail. 
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In order more efFoct.ually to obtain correctnees in the formation of cables and large 
cordage, Captiiii Huddart constructed a laying machine, which lias carried his 
inventions in ropo-making to the greatest perfection, and which, founded on true 
mathematical principles, and the most laborious calculations, is one of the noblest 
monuments of mechanical ability since the improvement of the steam-engine by 
Watt. By this machine, the strands receive that degree of twist only which is 
necessary, and are laid at any angle with the greatest regularity ; the pressure is 
regulated to give the required elasticity, and all parts of the rope are made to bear 
equally. 

The following description of one of the best modern machines for making ropes on 
Caphiin Huddart’s plan, may bo useful to the reader : — 

1724 



Fig. 1724 exhibits a side elevation of the tackle-board and bobbin-framo at the head 
of the ropery, and also of the carriage or ropo-machiuo in the act of hauling-out and 
twisting the strands. 

Fig. 1725 is a front elevation of the carriage. 

Fig. 1726 is a yarn-guide, or board, or plate, with perforated holes for the yarns to 
pass through before entering the nipper. 

Figs. 1727 and 1728 are side and front views of the nipper for pressing the rope- 
yarns. 

a is tlio frame for containing the yarn-bobbins. The yarns are brought from the 
franio, and pass through a yarn-guide at b. c is a small roller, under which the rope- 
yarns pass ; they arc then brought ov(;r the reed d, and through another yarn-guide 
c, alter which they enter the nippers at 1 ;, and are drawn out and formed into strands 
by the carriage. The roller and reel may be made to traverse up and down, so as to 
regulate the motion of the yarns. 

The Ciirriage runs on a railway. /, /, is the frame of 
the carriage ; g^ g, are the small wheels on which it is 
supported ; Jc, k, is an endless ropo reaching from the 
head to the bottom of the railway, and is driven by a 
steam-engine ; m, m, is a wheel with guhs at the back of 
it, over which the endless ropo passes, and gives motion 
to the macliiiiery of the carriage, n is the ground-rope 
for taking out the carriage, us will be afterwards described. 

On the shaft of m, m, are two bevel-wheels, 3, 3, with 
a shifLing catch betw'een them; those bevel-wdieels are 
loose upon the shaft, but when the catch is put into either 
of them, this last then keeps motion with the shaft, wdiilo 
the other runs loose. One of these wheels serves to com- 
municate the twist to the strand in drawing out; the 
other gives the opposite or after-turn to the ropo in 
closing. 4, 4, is a lever for shifting the catch accortlingly. 

6 is a third bevel-wheel, wdiich receives its motion from 
either of the other two, and coramunicates the sjimetotho 
tw'o spur-wheels 6, 6, by means of the shaft x. 'I'hcso 
can bo shifted at pleasure ; so that by applying wheels of 
a greater or less number of teeth above and beneath, 
the twist given to the strands can bo increa.sed or di- 
minished accordingly. The upper of these two commu- 
nicates motion, by moans of the shaft o, to another spur-wheel 8, which worUng 
in the three pinions above, 9, 9, gives the twist to the strand-hooks. The carriage 
is drawn out in the following mauuor: — On the end of the shaft of m, tw, is the 
pinion 3, which, working in the largo wheel ii, gives motion to the ground-rope 
shaft upon its axis. In the centre of this shaft is a curved pulley or drum t, round 
which the grouud-rope takes on© turn. This ropo is fixed at the head and foot of th« 
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ropery f so that when the machinery of the carriage is set agoing by the endless rope, 
k, k, and gives motion to the ground-rope shaft, as above described, the carriage will 
necessarily move along the railway ; and the speed may be regulated eith(?r by the 
diameter of the circle formed by the gubs on the wheel ?/i, m, or by the number of 
teeth in the pinion 3. At t, is a small roller, merely for prermting the ground-rope 
from coming up among the machinery. At the head of the railway, and under the 
tackle-board, is a wheel and pinion z," with n crank for tightening the ground-rope. 
The fixed machinery at the head, for hardening or tempering the strands, is similar to 
that on the carriage, witli the exception of the ground-rope gear, which is uiinocossary. 
The motion is communicated by another endless rope (or short band, as it is called, to 
distinguish it from the other), which passes over gubs at the back of the wheel 1,1. 

When the strands are drawn out l)y the carriage to the requisite length, the spur- 
wheels 3, B, are put out of gear. The strands are cut. at the tiicklo-hoard. and fixed 
to the hooks 1, 1, 1 ; after which they arc hardened or tempered, being twisted at both 
ends. When this operation is finished, three strands are united on the large hook //, 
the top put in, and the rope finished in the usual w’ay. 

In preparing the hemp for spinning an ordinary thread- or rope-yarn, it is only 
heckled over a large keg or clearer, until the fibres are straightened and separated, so 
as to run freely in the spinning. In this case the hemp is not stripped of the tow, or 
cropped, unless it is designed to spin beneath the usual grist, which is about 20 yarns for 
the strand of a 3-inch stmp-laid rope. The spinning is still performed by hand, being 
found not only to be more economical, but also to make a smoother thread than has 
yet been efTcctcd by machinery. A'arious ways have I'ecn tried for pn'paring tiie 
yarns for tarring. That which seems now to bo most generally in use is, to warj) the 
yarns upon the stretch as they arc spun. Tliis is accomplished I'V having a wlieel at 
the foot, as well as the head of the walk, so that llic men arc al»lo to spin both u])and 
down, and also to splice their threads at liotli ends. V>y tliis me.'ins they are formed 
into a haul, resembling tlie warp of a common web. and a little turn is hove into the 
haul, to preserve it from getting foul in tlie tarring. The advanUiges of warping 
from the spinners, as above, instead of winding on winche.s, as formerly, are, 1st. the 
saving of this last operation altogetlier ; 2ndly, tlie C(;nipl('ii' cheek whieh the foreman 
has of the quantity of yarn spun in the dav; 3rdly, that tlie quality of the M'ork can 
be suVyected to tlie minutest inspection at any time. • In tarring the yarn, it is found 
favourable to the fiiirncss of tlie strip, to allow it to pass around or under a ri'cl or 
roller in the Ixittom of the kettle while boiling, instead of coiling the yarn in by 
hand. The tar is then pressed from iIh; yarn, by means of a sliding nipper, with a 
lever over the upper part, and to tlie end of which the necessary weight is suspended. 
The usual proportion of tar in ordinary ropes is something Jess Uiari a fifth. In large 
strap-laid ropes, which are necessarily subjected to a greatiT press in the laying of 
them, the quantity of Uir can scarcely exceed a sixth, without injuring tlie appearance 
of the rope when laid. 

For a long period the manner of laying the yarns into ropes was by stretchiiig tlie 
haul on the rope-ground, parting the number of yarms required for each strand, and 
twisting the strands at brith ends, by means of hand-hooks, or cranks. It will bt^ 
obvious that this method, especially in ropes of any con.siderable size, is attended with 
serious disadvantages. The strand must always be very uneven ; but the j'rineipal 
disadvantage, and that which gave rise to the many attempts at improvement, was, 
that the y’arns being all of the same length before being twisted, it followed, wlu'ii tlie 
rope was finished, that while those which occupied the circumference of the strand 
were perfectly tight, the centre yarns, on the (tlher hand, as they were now gi’catly 
slackened by the operation of hardening or twisting the strands, actually w^onld bear 
little or no part of the strain when the rope was stretched, until the former gave way. 
The method displayed in the preceding figures and description is among the most im- 
proved processes. Every yarn is given out from the bobbin-frame as it i.s required in 
twisting the rope ; and the twdst communicated in the out--g(>ing of the carriage c.an 
be increased or diminished at pleasure. In order to obtain a smooth and wa ll-filled 
strand, it is necessary also, in passing the yarns through tlie uj)per board, to ]»roj)f)rt.ion 
the number of centre to that of outside yarns. In ordinary-sized ropes, the strand 
seems to have the fairest appearance when the outside yarns form from tw’o-thirds to 
three-fourths of the whole quantity, in the portion of twist given by the carriage in 
drawing out and forming the strands. 

In laying cables, torsion must be given both behind and before the laying-top. 

1729 to 1732 represent tlie powerful patent apparatus employed for this purpose. 
A, is a strong upright iron pillar, supported upon the great horizontal beam n, n, and 
bearing at its upper end the three-grooved laying-top m. ii, h, are two of the three 
great bobbins or reels round which the three secondary strands or small hawsers are 
Wind. These are drawn up by the rotation of the three feeding roUeis i, i, i, thence 
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proceed over the three guide-piilloys k, k, k, towards the laying-top m, and finally 
pass throuj,^h the tube o, to be wound upon the cable-reel d. The frames of the 
tiirco bobbins ii, ii, h, do not revolve about the fast pillar a, ns a common axis; but 
each l)obbin revolves round its owu shaft q, which is steadied by a bracing collet at 
N, and a conical stop at its bottom. Tlio three bobbins are placed at an angle of 120 
degrees apart, and eiicli receives a rotatory motion upon its axis from the toothed spur- 
wheel n, which is driven by tho common central spur-wheel c. Thus each of the 
three secondary cords has a proper degree of twist put into it in one direction, while 
tho cable is laid, by getting a suitable degree of twist in an opposite direction, from 
the revolution of tho frame or cage a, o, round two pivots, the one under the pulley e, 
and the other over o. The reel n has thus, like tho bobbins ir, n, two movements; 
that in common with its frame, and thiit upon its axis, produced by the action of the 
endless band round tho pulley k, upon one of its ends, and the pulley k' above its 
ceiitro of rotation. The pulley e is driven by tho bevel mill-gearing p, p, i*, as also 
the under spur-wheel c. l, in fiff. 1729, is the place of tho ring 1731, which 

bears the three guide-pulleys k, k, k. Fig. 1731 is an end view of the bol.bin h, to 
sliow the worm or endless screw j, of Jig. 1729 working into tho two snail-toothed 



wheels, upon the ends of the two feed-rollers i, i, which serve to turn them. The 
upright shafts of j, j, receive their motion from pulleys and cords near their bottom. 
Instead of these pulleys, and tho others, E e', bevel-wheel gearing lias been substituted 
with advantiigo, not being liable to slip, like the pulley- hand mechanism. The axis 
of tho great reel is made twice the length of tho bobbin d, in oixlor to allow of tho 
latter moving from riglit to left, and back again alternately, in winding on the cable 
wdth uniformity as it is laid. The traverse niecJianism of this part is, for the sake of 
perspicuity, suppressed in tho figure. 

Mr. William Norvell, of Newcastle, obtained a patent for an improvement adapted. 
^ the ordinary machines employed for twdsting hempen yarns into strands, affoimng, 
it is said, a simpler and more eligible mode of accomplishing that object, and also of 
laying tlio strands together, than had been theretofore effected by machinery. 
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Hif improTements consisted, first, in the application of throe or more tubes, two of 
which are shown in/y, 1732, placed in inclined positions, so as to receive the strands 
immediately above the press-block a, a, and nearly in a lino with a, the point of 
closing or laying the rope, n’ and b* are opposite side views ; b% an edge view ; 
and B, a side section of the same. He did not claim any exclusive right of patent 
for the tubes themselves, but only for their form and angular position. 

Secondly, in attaching two common flat sheaves, or ])ulleys, c, c,fig. 1732, to each 
of the said tubes, nearly round which each strand is lapped or coiled, to prevent it 
from slipping, as shown in the section b*. The said sheaves or pulleys are connected 
by a crown or centre-wheel, d, h oso upon h, b, the main or upright axle ; e, e, is a 
smaller wheel upon each tube, working into the said crown or centro-wheol, and fixed 
upon the loose box i, on each of the tubes. 

F, F, is a toothed or spur-wheel, fixed also upon each of the loose boxes i, and 
working into a smaller wheel, g, upon the axis 2 of each tube ; h is a bevel -wheel 
fixed upon the same axis with a, and working into another bovel-whool, j. fixed upon 
the cross axle 3 of each tube; k is a spur-wheel attached to tlie same axis witli y, at 
the opposite end, and working into l, another spur-wheel of the same size upon each 
of the tubes. By wheels thus arranged and connected with the sheaves or pulleys, as 
above described, a perfectly equal strain or tension is put upon each strand as drawn 
forward over the pulley c. 

Thirdly, the invention consists in the introduction of change-wheels, m, m, m, m, 
1732, for putting the forelmrd or proper twist into each strand before the rope is 
laid ; this is effected by small spindles on axles, 4, 4, placed j>arallol with the lino of 
each tube b. 

Upon the lower end of each spindle the bevel-wheels n, n, are attached, and driven 



by other bevel-wheels, o, o, fixed immediately above each press-block, a, a. On the 
top end of each spindle or axle, 4, 4, is attached one of the change-wheels, w’orking 
into the other change-wheel fixed upon the bottom end of each of the tubes, wdiereby 
the forehard, or proper twist in the strands for all sizes of j'opos, is at once attained, 
by simply changing the sizes of those two last-described wheels, which can be 
very readily effed^ed, from the manner in which they are attached to the tubes b, b, 
and 4, 4. 

From the an^lar position of the tubes towards the centre, the strands are nearly 
in contact at t£eir upper ends, whore the rope is laid, immediately below which the 
fotehazd or proper twist is given to the strands. 

Fourthly, in the ^^plication of a press-block, p, of metal, in two parts, placed 
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directly above and close down to where the rope is laid at a, the insdie of which is 
poliehod, and the under end is bell -mouthed ; to prevent the rope from being chafed in 
entering it, a sulficicnt grip or prossuro is put upon the rope by one or two lovers and 
weights, 5, 6, acting upon the press-block, so as to adjust any trifling irregularity in 
the strand or in tlio laying; the inside of which, being polished, gives smoothness, 
and hy tlie said levers and weights, a proper tension to the rope, as it is drawn 
forward through the press-block. By the application of this block, ropes may bo 
made at once properly stretched, rendering them decidedly preferable and extremely 
advantageous particularly for shipping, inclined planes, mines, &c. 

The preceding description includes the whole ot Mr. Nor veil’s improvements; the 
remaining parts of the machine may bo briefly described as follow : — A wheel or 
pulley, c, is fixed independently of the machine, over which the rope passes to the 
draw'ing motion represented at the side ; d, dy is a grooved wheel, round which the 
rope is passed, and pressed into the groove by moans of the lever and weight c, e, 
acting upon tlio binding-sheaf f, to prevent the rope from slipping. After the rope 
loaves the said sheaf, it is coiled away at pleasure. g, are two change-wheels, lor 
varying the speed of the grooved wheel «?, //, to answer the various sizes of ropes ; A, 
is a spiral wheel, driven by the screw A, fixed upon the axle I ; m is a band-wheel, 
which is driven by a belt from the shaft of the engine, or any other communicating 
power ; n, n, is a friction-strap and striking-clutch. The axle g is driveu by two 
change-wheels jp ; by changing the sizes of those wheels, the diticrent speeds of the 
drum R, R, for any sizes of ropes, are at once effected. 

The additional axle s, and wheels shown in 1733, are applied occasionally 



for reversing the motion of the said drums, and making what is usually termed left- 
hand ropes; u, fys. 1732, 1733, shows a bevelled pinion, driving the main crown- 
wheel V, which wheel carrl(‘s and gives motion to the drums r, r ; w, u\ is a fixed 
or sun-whcel, which gives a reverse motion to the drums, as they revolve round the 
same, by means of the intervening wheels x, x, whereby the reverse or retrograd- 
ing motion is produced, which gives to the strands the right twist. The various 
retrograding motion or right twist for all sizes and descriptions of ropes, may be 
obkiiuod by changing tlie diameters of the pinions g, ?/, y, on the under ends of the 
drum spindles ; the carriages of the intorveiiing wheels x, x, x, being made to slide 
round the ring s', z ; W’’, w, is the framework of the machine and drawing motion ; 
T, T, T, are the bobbins conUiiniiig the yarns ; theii* number is varied to correspond 
with the different sizes of the machine. 

Messrs. Chapman, of Newcastle, having observed that rope-yarn is weakened by 
passing through the tar-kettle, that tarred cordage loses its strength progressively in 
cold climates, and so rapidly in hot climates as to bo scarcely fit for use in throe 
years, discovered that the deterioration was duo to the reaction of tho mucilage and 
acid of the tar. They accordingly proposed the following means of amelioration : 

1. Boiling tho tar with water, in order to remove these two soluble coustitueuts. 

2. Concentrating tho washed tar by lieat, till it becomes pitchy, and then restoring 
t he plasticity which it thereby loses, by the addition of tallow, or animal or expressed 
oils. 

The same engineers patented a method of making a belt or flat band, of two, three, 
or more strands of shroud or hawser-laid rope, placed side by side, so as to form a 
l)and of any desired breadtli, wliich m<aybo used for hoisting tho kibbles and corves in 
mine-shafts, without any risk of its losing twist by rotation. Tho ropes should be 
laid with the twist of the one strand directed to tho right hand, that of the other to 
tho left, and that of tho yarns the opposite way to tho strands, whereby perfect 
flatness is secured to tho baud. This parallel assemblage of strands has been found 
also to be strong(*r tlniu wlien they are all twisted into one cylinder. The patentees 
at the same time contrived a mechanism for piercing tho strands transversely, in 
order to brace them firmly together with twine. Flat ropes are usually formed of 
hawsers with three strands, softly laid, each containing thirty -three yams, which with 
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four ropes compose a cordage inches broad and inch thick, being the ordinary 
dimensions of the grooves in tlie whim-pulleys round which they puss. 


Relative Strength oj Cordage, shroud-laid. 


Size 

Warm register 

1 Cold register ij 

Common staple j 


tons 

ewt-s. 

qi-s. 

lbs. 

tons 

cwte. 

qrs. 

lbs. !■ 
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cwts.' 
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lbs. 

3 inches bore 

3 

17 


IG 

3 

6 

3 

IG i| 

2 

9 

1 

24 
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6 

5 

... 


1 4 
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1 

27 

4 

6 

17 
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17 


4 l! 

4 

i) 

3 

t 

H 

8 

13 

2 

8 

; 7 

5 

3 

1 ii 

0 

1 

2 

G 

5 

10 

14 

1 

4 

9 

3 


4 'i 

G 

9 

2 

8 1 


12 

19 

o 

4 

11 

1 

1 

20 i! 

7 

12 


22 

6 

14 

lo 

2 

24 

13 

3 

2 

8 ‘1 

8 

17 

1 

20 

6i 

18 

2 

... 

10 

lo 

i 9 

! 1 ' 

1 

9 

1 IG 

3 

1 14 

7 „ . j 

’ 21 

... 1 



17 

1 18 

i 3 

1 8 ii 

11 

i 4 

1 

i 21 


24 

2 j 


IG 
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: 11 

! 3 

9 ii 

12 

1 8 

3 

1 0 

8 „ . ! 

! 

27 

8 

1 

2G I 

i 

i' 23 1 
i' 

i 8 

2 

i 

8 1 

I :i 

13 

2 

3 

1 

12 


The above statement is the nisult of several huiidrod experiments. 

HOPSi WXRfi. See ^ylliE Ivope. 

XOGLflLWZUNS. The name ^rivoii by I>r. Tlofmaiui to a (•om])Oiind wliicli plays 
the part of a w'ell-defined base in the formation of tlie aniline reds. It may now 
be considered as demonstrated that the aniline reds are salts of a peculiar and 
extremely remarbible compound, callovl rosanilinr. See Aniline. 

liosanilinein tlie anhydrous state i.s represented by tin- formula 
and in the hvdrated state, such as it as.sumes when i.solated from its couijxninds. liy 
the formula 

It is a triumine capable of combining- wiih one, two, and three erjuivalents of acid. 
The pure aniline reds arc saline compounds of rosanilim- witli one equivalent (»f acid. 

It is very interesting that rosaniline it.st-lf, when frc.^'lily prepared, i.s a colourless 
compound. It is nearlj* insoluble in water, .^lightly soluble in ammonia, inoi-o 
soluble iu ether. AVhen exposed to the action of the air, rosaniline becomes rapidly 
rose-coloured, and finally of a deep red, probably in consequence of the formation of 
a carbonate. It is a rather y)Owerful b'ase, forming .^alls, almost all of which are rc- 
luarkiible for their beauty, and the facility with wliieh tln-y crystallise. 

The salts containing one equivalent of acid exhibit, for tlie most part, in rofleeded 
light, the lustrous metallic green of the wings of the ro.-^e-l»eelle ; in transmitted liglit 
the crystals are red, boeoming opjique when tliey acquire certain dimensions. 'J'lio 
solution.s of these salts iu water or alcoliol ysiss.-^s the magiiificcnt crimson colour 
which characterises rosanilinc-compounds. According to M. Ciicvruul. M’ho, in llio 
extensive course of his memorable researches on the theory of dyeing, examim-d 
the colouring-matters derived from coal-tar, tin? green colour reflected from the salts 
of rosfiniline is exactly complementary to the colour wliicli these salts impart to wool 
or silk. 

The salts with three equivalouts of the stronger acids, on the other hand, are 
yellowish-brown, both in the solid state and in solution. They are much more soluldo 
in water and alcohol than the monacid salts, which, for the most part, are comivira- 
tively sparingly soluble. 

Both classes of rosaniline salts crystallise readily, more o.specialJy the monacid 
compounds, some of which ]Mr, Nicholson has ol^Uuned in perfect]}' well-formed 

crystals. 

The formula of rosaniline has been corroborated by tlie examination and analysis 
of its salts, the most important of which are the following : — 

Hydrochlorate . — ^Prepared either by the action of hydrochloric, acid, or of chloride 
of ammonium, upon the free base, the monacid salt is deposited irom iU boiling 
solution in well-defined rhombic plates, frequently in stellar forms. This chloride is 
difficultly soluble in water, more soluble in alcohol, and insoluble in ether. 

The salt retains a little water at 100® C., but becomes anhydrous at 130° 0. 

Like most of the rosaniline salts, this salt is very hygroscopic. The monacid 
chloride dissolves more readily in moderately strong hydrochloric acid than in 
water. If this solution, gently warmed, be mixed with very concentrated hydroeliloric 
acid, it solidifies on cooling into a network of beautiful brown -red noodles, wlii(?li liave 
to be washed with concentrated hydrochloric acid and dried in vacuo over sulphuric 
iwid and limoi since wateif decomposes them with reproduction of the mouacid com- 
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pound. The salt obtained by the action of concentrated hydrochloric acid is a com- 
pound with three equivalents of acid. 

Exposed to 100° C., this salt gradually loses acid, the brown crystals becoming 
indigo-blue ; and if the exposure be continued until the weight becomes constant, the 
original green -salt with one equivalent of acid is reproduced. 

of Eosaniline is readily obtained by dissolving the free base in boiling 
dilute sulphuric acid. On cooling, the suit is deposited in green metal lustrous 
crystals, which by one rocrystallisation become perfectly pure. 

Acetaip. o f liosanUine. — This is probably the finest salt of the series. Mr. Nicholson 
obtained it in crystals an inch in diameter, which, on analysis, were found to bo 
tlu; pure monacid acetate. The crystils of this salt, when freshly prepared, exhibit in 
i\. marked manner a beautifully green metallic lustre ; on protracted exposure to the 
liglit this lustre disappears, and the crystals assume a dark reddish-brown tint. 

The acetate is one of the more soluble salts both in water and in alcohol ; ou a 
smaller scale it. cannot bo conveniently recrystallised. 

Nitrafp of Eosaniline is easily formed by dissolving the base in warm dilute nitric; 
acid. On cooling, the salt crystallises in small crystals resembling the other salts of 
rosaniliiie. 

Of the remaining salts of this base wc may mention the which is obtained 

by adding chromate of poUish to a solution of the acetate, in the form of a brick- 
red precipitate, becoming a green crystalline, almost insoluble, powder on ebullition 
with water. 

The Tannaics of EosamUnp, descril)od by M. E. Kopp, are also very beautiful 
salts; they are true carmine lake's which rival the renowned carmino-lako obtained 
from cocliinoal. They are entirely insoluble in water, bnt soluble in alcohol, wood- 
spirit, and acetic acid. In the dry state they do not present the green metallic 
appearance of the other salts of rosaniline, but preserve their beautiful carmine-red 
colour. 

The tiinnato of rosaniline is of considerable importance; to industry, not only because 
it is formed in nearly all the cotton fabrics dyed and pu’intod in red or rose with ros- 
.‘iniline, but also because, by reason of its insolubility, it enables the manufacturer to 
make use of very dilute aqueous solutions of aniline red, which are often obtained in 
the factories during the purification of rosaniline. In tact, the best manner of 
tniating these solutions, which are too poor in colouring-matter to be advantageously 
emp)loyed in any other way, consists in precipitating them with a fresh solution of 
nut-galls ; after a vciy short time all the rosaniline is precipitated in a state of mag- 
nificent red lake, th(j mother-liquors becoming almost entirely colourless. 

Iodide of Eosani/ine. — Hobrecker, of Crefeld, discovered a violet colouring-matter, 
derived from rosaniline, which crystallises easily, and is characterised by its rich 
reddish tone. This colouring-matter is obtained by tlie action of a mixture of 
cliloride of benz}^ and iodide of methyl upon rosaniliiu', dissolveil in methylic alcohol. 
The mixture is dige.sted for some time in a water-bath. As the deep violet solution 
cools, needles of a green metallic lustre separate out, and can be obtained completely 
pure l)y re-solution in alcoliol and re-crystallisation. The compound — an iodide — is 
almost iusolulde in water, sparingly soluble in cold alcohol, but more soluble in the 
same liquid when liot. The iodide, dried at 100° C., was analysed by Hofmann, 
with the following results: — Carbon, TO’oG ; hydrogen, G’O ; nitrogen, 5*89; iodine, 
17’G7; totil, 100-12. 

ROSEXXriS. See Anilixk Kki>. 

&OSE]bST. The fur of the erniiiio Mi'ste/a ero/inca, as it i.s tiken from the 
animal in the summer, S(*e Ermine. 

ROSEMAST. The Eosmarimis officinale contains a volatile oil, and is used in 
perfumery. 

ROSEirSTZBRE'8 OREBIT, know'ii also as Cassel green. This is a baryta 
green, or a manganate of baryta. The best mode of pre^mring it is as follows, ac- 
cording to M. E. Fleischer: — On precipitating a green boiling solution of manganate 
of potash with chloride of barium, there is formed a deposit strongly granular, but 
not crystalline, Tliis precipitate is of a violet colour, bordering on blue. It is well 
wa.sliod by decantfition, and then filtered. 'When dried, its colour becomes |»ler as 
the teminTaturo rises. At a dark rod heat it is white, with a slight greyish-blue 
tinge. If heated higher, with access of air, it becomes by degrees completely gr^n, 
then of a fine blue, and at very elevated temperatures it is converted into a dirty 
brown -grey. If a solution of permanganate of potash is precipitajiod with chloride of 
barium, and allowed to boil, there is slowly formed a reddish-violet deposit (colour of 
peach-blossom), aud the liquid retains an intense violet colour. The precipitate may 
be washed by decantation, and filtered without decomposition. It can oven be dried 
at 1 00° without Io.‘^i iig its colour. When gradually heated, the permanganate of baryta 
VoL. III. 3 A 
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loses its colour, like the manganate, but at very high temperatures it behaves dif- 
ferently. When its colour has once been destroyed by a moderate heat, it does not 
become either green or blue by farther heating with access of air. The whole be- 
comes at once of a greyish-brown. The finest barytos ^een is formed by calcining 
the manganate of baryta. Rosenstiehl’s process — the fusion of hydrate of baryta- with 
chlorate of potash and peroxide of manganese — ^yields an inferior colour, 

XMS OZli. See Otto of Kosrs. 

xosa^zirx. A coarse and common colour, much used in the cheaper kinds of 
paper-staining, and for distemjjer painting. It is prepared by saturating chalk uith a 
strong infusion of Brazil-wood. 

jtOSBTTA WOOB. An East-Indian wood of a lively red-orange colour, and 
handsomely veined with darker marks. It is occasionally used in fine cabinet-work. 

B08BW00B. This well-known wood, which has long been fashionable for 
drawing-room and library furniture, is a native of the Brazils, the East Indies, the 
Canary Islands, and some parts of Africa. The best rosewood comes from Kio do 
Janeiro, and is believed to be yielded by a species of DaU^ergia. 

‘ Rosewood is a term as generally applied as iron-wood, and to as great a variety 
of plants in dififeront countries, sometimes from the colour, and sometimes from the 
smell of the woods. The rosewood of Bahia and Rio .Janeiro, called also Jacaranda. 
is so named, according to Prince Maximilian, as quoted by I)r. Lindley, because 
when fresh it has a faint but agreeable smell of roses, and is produced by a mimosa in 
the forests of Brazil. Mr. G. Loddiges informs me it is the Mimosa jacaranda .' — 
Holtcapfel. 

Rosewood is importe*! in large slabs, or the halves of trees, some of these logs pro- 
ducing as much as 1 50/. when cut into veneers. 

momtx, or comvwn resin. The residue of the jirocess for obtaining oil of tur- 
pentine. While liquid it is run into meUiUic receivers coated with whiting to pre- 
vent adhesion, and from these laded into casks. See Turpentink. 


Bosin imported in 

1873. 



Cwt<. 

Vatne 

From France 

61.793 

£32.954 

,, United State.s of America 

. 888,025 

434.085 

,, Other countries . 

5.971 

4.509 

Total 

. 955.789 

471,608 


Basin imported in 1874, 1.066,681 owls.; value 142,700/. 

WTien the distillation is not carried too far, the product is called ydh>u' rosin ; it 
then contains a little water. The heat being continued, the water is expelled, and 
transparent rosin is the result. 

If the process be continued u]) to a point short of producing tliu decomposition (A 
the rosin, it acquires a deep euloiir, and becomes itroum or black rosin, sometimes 
called colophony. 

Rosin is insoluble in water, but soluble in alcohol, ether, and tlie volatile oils. It 
unites with wax and the fixed oils by heat, forming the Kmplastrum rosince of the 
Iy>ndon Pharmacopceia. 

Rosin is employed in common varnishes ; it is united with tallow in the preparation 
of common candles. It has been proposed to employ rosin as a source from which ga.s 
might be obtained. The experiments made were not, however, of so successful a ki 2 id 
.ns to warrant the general adoption of the process. 

BOSnr OZXi. By distillaticm rosin separates into rosin oil and bar. (See Tah. ) 
This oil is a mixture of four carbides of hydrogen : 0*^1“; ; and 

The rosin oil, which distils over at about 300'^ Fahr., is sometimes used in the arts 
as a substitute for the oil of turpentine. The part which boils at 46 Fahr., called 
retinols^ C**H'*, enters into the composition of some printing inks. 

BOSiy TIOT. A pale-coloured oxide of tin with a resinous lustre is so chilled I>y 
the miner. 

BOMBAML See Aniline Violet. 

BOMUO AOZBf discovered LyRung4,and more fully examined l^y IIugoMulIer. 
Obtained by exhausting the crude carbonate of lime from the ga.s-purifiers with a 
dilute boiling solution of carbonate of ammonia ; evaporating to dryness, ammonia 
is evolved, and a dark resinous l>ody separates, which is the crude rosolic acid. The 
crude acid thus obtained is purified by conversion into a lime salt, and the acid is 
again liberated by acetic add. 

or BOenn. A local term used by quarrymen and miners in South 
Staffi)rdshire for a soft and friable sandstone. — H.W.B. 
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ROTTBXr-STOirB. A polishing-powder which is much used for giving lustre 
to brass, silver, and even to glass surfaces. According to the analysis of Eichard 
Philips, the rotten-stone of Ashford in Derbyshire consists of, carbon, 10 ; alumina, 
86’0 ; silica, 4*0. Eotten-stone is nearly peculiar to this country, being found princi- 
pally in Derbyshire, near Bakewell, and in Carmarthenshire and Breconshire, South 
Wales. 

It is thought by geologists to be derived in Derbyshire from the siliceous limestone, 
‘the lime being decomposed, and the silex remaining as a light earthy mass.’ This 
does not, however, agree with the above analysis, in which alumina occupies so large 
a proportion. The total annual produce of the country is under 300 tons. 

BOVOE. (Fard, Fr.) A cosmetic employed to brighten a lady’s complexion. 
See Ca-RMtne. 

BOVOE, JBWBEEBES'a An oxide of iron pveporod ^Yith much care. See 
Oxides for Polishin(k 

BOtnrB OBB. In Lead mining, the largest pieces of lead ore selected free from 
the carbonate of lime or quartz, with which it may be associated in the lode. 

BOWXiST BAG. A peculiar augitic trap, forming the chief portion of the 
Eowley Hills, near Dudley. Attempts have been made to fuse it, and then casting it 
into ornamental shapes in moulds, to use it for architectural purposes; but the experi- 
ments have not been successful. 

B07AB BXiVB. {Bleu de Jloi, Fr.) A fine deep blue prepared from cobalt, and 
used for enamel and porcelain painting. 

The term Bleu de Boi, or Royal Blue, has of late been applied to one of the finest 
of the aniline blues. 

BVBB&B. A local term used by quarrymen and miners for loose angular gravel, 
or a slightly-compacted broceiated sandstone. — H.W.B. 

BUBlBCZir. Madder-orange ; Krapp-orangc. A yellow colouring-matter dis- 
covered by Eunge. See Madder. 

BUBZAK*. A deep-yellow matter discovered In^ Seluink in madder. For the 
analogous substances to, and derivatives of,rubiari, consult ‘ Dictionary of Chemistry,’ 
by AVatts. See Madder. 

BUBZCB&XiB. The yellow or orange-red varieties ot spinel. See Khry. 

BirSZSZtnMt. (See also C^<tsiuM and Thallium.) Prof. Bunsen, in examining, 
by means of the spectrum, the alkalis of a mineral spring at Diirkheim, in the 
Palatinate, noticed the appearance of some bright lines which he had not observed 
in any previous investigation of like kind; and. ns ho had, by well-established 
chemical methods, separated all the non -alkaline metals, ho concluded that these 
linos must bo caused by the presence of some new alkaline metiil. Although he 
had obtfiined only part of a gi’amme of the substance, he did not doubt tlui 
accuracy of his conclusion ; so delicate and so reliable are the indications of the spec- 
troscope. Ho resolved, therefore, to obtain for examination a larger quantity of the 
presumed new body; and, with this view, ho proceeded at once to evaporate 40 
tons of the mineral water. It soon became evident that tivo new alkalis were pre- 
sent; and from the 40 tons of water Bunsen succeeded in preparing about 7 
grammes of the chloride of the one metel, and 9 grammes of the chloride of the 
other. To the first of these substiinces he gave the name of CcEsium, from ccesius, 
Muisli-grey, on account of its spectrum being characterised by two bright blue lines. 
For the second ho proposed the name Ruhidium, from ruLldis, dark red, because of 
the exi.stouce in its spectrum of two red bands. Csesium and rubidium, in their chief 
(•hemical propertie.s, closely resemble potassium ; so closely indeed that their existence 
would probably have escaped notice, had it not been for the peculiarities which 
their spectra exhibit. For the purpose of separating the two new metals from sodium- 
and potassium-compounds, Bunsen took advantage of the fiict that the chlorides of 
rubidium and caesium form, uitli bichloride of platinum, double salts, much more 
Bptiringly soluble in water than the corresponding double salt. By washing the pre- 
cipitate containing the platinum salts of rubidium, caesium and potassium, the whole 
of the latter salt is easily removed. The absence of the well-known potassium line in 
tlie spectrum of the salt serves a.s a test to indicate the absolute purity of the new 
metals. It was, however, much more difficult to separate caesium from rubidium, so 
closely do they resemble one another in their properties. But carbonate of caesium 
w’Hs found to bo soluble in alcohol, in which carbonate of rubidium, like the other 
alkaline carbonates, is insoluble. The metals thus isolated have been carefully studied 
by Bunsen ; and small as were the quantities at his disposal, he soon succeeded in 
determining the composition, crystalline form, and general properties of many 'of 
their salts, besides establishing tlieir numerical equivalents. Both metals form salts 
strictly isomorphous with the siilts of potassium. The equivalent of rubidium, 
Eb, is 85*36; that of c.'osium, Cs, 133. After the publication of the memoir on 
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the new alkalis, M. Bunsen examined the water of a large number of German saline 
springs, and in almost all he found caesium and mbidium in quantities more or less 
minute. The solid sources of rubidium are much more prolific ; several varieties of 
lepidolite, in particular, containing it in notable proportions, so that from this mineral 
it may now be prepared by the pound. Dr. Struve, the well-known manufacturer of 
artificial mineral waters, is now selling (at six thalers per kilo.) the residue from the 
preparation of lithia, which residue contains about fifteen per cent, of chloride of 
rubidium. M. Grandeau of Paris tested many of the French mineral waters for the 
new metals, and with very frequent success. The waters of Bourbonnes-les-Bains, in 
particular, proved to be rich in rubidium and cajsium ; ten litres of the water having 
yielded M. Grandeau no less than two graramc.s of the double chlorides of the new 
metals and platinum. M. Grandeau has likewist^ shown that rubidium occurs in the 
mother-liquor left after the extraction of the alkalis from beet-root vhiasscs. From 
one kilogramme of the mother-liquor IVl. Grandeau obtained no less than 47 grammes 
of chloride of rubidium, or exact!}* 0*47 per cent. Hence it appears that rubidium is 
a notable constituent of certain soils ; so that the question arises whether the new 
alkalis take part, like potash and soda, in the nutrition of plants ; and if so, whether 
;is merel}” accidental or substitution constituents of ash, or (in certain c<ises) as 
essential ingredients thereof. — {Hof7na?m.) For the salts of rubidium, see Watts’s 
‘ Dictionary of Chemistry.’ 

XVBZltSTXH'S. See ^Iadder. 

XITBT. A beautiful and favourite gem. The true ruby is a red sapphire, an 
almost pure form of alumina. (See Sapphire.) Tliis extremely valuable gem is 
found chiefly in the kingdom of Ava, and is frequently known as Oriental Buhy^ in 
order to distinguish it from the commoner stone called Spinel Buhy. 

Buhy spinel, or Spinel ruby, is of a light or dark red. and, if held near the eye, a 
rose-red colour. Its hardness is 8 : specific gravity 3 •.'>23. Its fundamental form is 
the cube or hexahedron, but it occurs crystfilli.^^od in many secondary forms, such as 
octahedrons and tetrahedrons. Fracture couchoidal ; lustre vitreous ; colour red, 
passing into blue and green, yelltw, brown, and black ; and sometimes it is nearly 
wdiite. Pure spinel is a compound of alumina and magnesia, usually in tlie pro- 
portions of about 28 magnesia aud 72 alumina, although we sometimes find the 
magnesia partially replaced by lime, aud the alumina by oxide of iron. Vauquelin 
discovered 6*18 per cent, of chromic acid in tlie red spinel. The red varieties exposed 
to heat become black and opaque.; on cooling, they appear first green, then almo.st 
colourless, but at last resume their red colour. 

Pleonaste is a black variety which yields a deep green globule with borax. 

Balas ruby. Pale red or rose-red spinel, with sometimes a 1 inge of brown or violet. 

RubiceUe. Yellow or orange-coloured spinel. 

Almandine ruby, which is of a violet -red colour. 

Crystals of spinel from Ceylon have been observed embedded in limestone, mixed 
with mica, or in rocks conliuning adnlaria, which seem to have belonged to a primi- 
tive district. Other varieties, like the ploonaste, occur in the drusy cavities of rocks 
ejected by Vesuvius. Crystals of spinel are often found in diluvial and alluvial sand 
and gravel, along with true sapphires, pyramidal zircon, and other gems, as also with 
magnetic iron ore, in Cejdon. Blue and pearl grey varieties occur in Sudcrmanuland 
in Sweden, embedded in granular limestone. Pleonastois met with also in the diluvial 
sands of Ceylon. Clear and finel}* -coloured specimens of spinel are highly prized 
as ornamental stones. When the weight of a good spinel exceeds 4 carats, it is said 
to be valued at half the price of a diamond of the same weight. M. Brard has seen 
one at Paris which weighed 215 grains. As a gem, the ruby is cut in tlie same form 
as the diamond, and may be set with a foil of copper or gold. 

StTBTy O&nnrTAXi. The red sapphire. See Kury. 

BUBT BS&vn. See Ptbabgyrite ; Silver. 

mirSTt wmB. See Ruby. 

Bra (Ruta yraveolens) 'produceB a yellow colouring-matter similar to that obtained 

from Buckwheat, which see. 

Brat is a variety of ardent spirits distilled in the AVest Indies from the fer- 
mented skimmings of the sugar-waste, mixed with molasses, and diluttd with 
water to the proper degree. A sugar plantation in Jamaica or Antigua, which 
makes 200 hogsheads of sugar, of about 16 cwts. each, requires for the manufac- 
ture of its rum two copper-stills; one of 1,000 gallons for the wash, and one of 
600 gallons for the low wines, with corresponding worm -refrigerators. It also 
r^uires two cisterns, one of 3,000 gallons for the lees or spent wash of former 
distillations, called dunder (guasi redundar. Span.), another for the skimmings of 
the clarifiers and teaches of the sugar-house, along with twelve or more fermenting 
cisterns or tuns. 
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Onr Imporiation of Kum was as follows in 1873 : — 



Proof {^'allona 

Value 

From Spanish West Iiidia Islands 

621,597 

.£ 

55,803 

., Butch „ „ . • 

102 

12 

„ „ Guiana 

156,422 

15,207 

„ Mauritius 

390,350 

31,112 

,, Straits Settlements . . • . 

2,063 

101 

„ British West India Islands 

2,313,665 

304,416 

„ „ Guiana 

3,341,847 

325.222 

,, Other countries .... 

105,265 

10,733 

Total . . . • 

6,931,311 

742,600 

Entered for home consuraj^tion 

Gross amount received for duty 

. 5.020,033 proof gallons 
. £2,556,104 


The wort is inado, in Jamaica., by addin" to 1,000 f^allons of dunder, 120 gallons of 
molasses, 720 gallons of skimmings ( = 120 of molasses in sweetness), and 160 gallons 
of water; so that thcro may he in the liquid nearly 12 per cent, of solid sugar. 
The formula prescribes so much spent W'ash as would be apt to communicate an 
11 nplca.sant flavour to the spirits. Both the fermenting and flavouring principles reside 
chiefly in the fresh cano-juice, and in the skimmings of the clarifier; because, after the 
syrup has been boiled, they are in a great measure dissipnted. 

The fermentation goes on most uniformly in very large masses, and requires 
from 9 to 15 days to complete ; the difference of time depending upon the strength 
of the w’ort, the condition of its fermentable stuff, and the* state of the weather. 
The progress of the attenuation of the wash should bo examined from day to dny 
with a hydrometer. When it has reached nearly to its maxlmuin, the wash should be 
as soon as possible transferred by pumps into the still, and worked off by a properly- 
regulated heat ; for if allowed to stand over, it will deteriorate by acetification. 

About 115 gallons of proof rum are usually obtained from 1,200 gallons of wash. 
Tli(‘ ]>roportion ■which tlio product of rum bears to that of sugar, in very rich, moist 
jilaiitjitions, is rated, by E<lwards, at 82 gallons of the former to 16 cwts. of the lattur ; 
but the more usual ratio i.s 200 gallons of rum to 3 hogsheads of sugar. But tliis 
proportion will necessarily varj' with the value of rum and molasses in the market. 
In one considerable estate in the island of Grenada, 92 gallons of rum were made for 
every hogshead (16 c-wts.) of sugar. 

Rum is largely used in the Navy. Its general consumption will, however, be shown 
by the quantities imported, as given above. 

The duty now fixed, if from British Possessions and from the country of its 
production (July 17 j I860), is lOs. 2d, per gallon ; not from the country of production 
is lO.f. bd. per gallon. Rum Shrub is imported (it the same rate of duties. 

RvirKzsrG-oirT-rzRi:, in 'metallurgy, A name given to the refinery furnace. 
See luox. 

RUSH. A common plant, extensively employed in tlie manufacture of mats, 
ba.skets, &c. The Rush family — JuncacecB — are natives of all parts of the world, 
though they belong chiefly to the colder regions. Under the equator tliey occur as 
alpine plants, while in the northern climates they are found in the marshes. Upwards 
of 100 species of rush are described. The long leaves of many of the species are used 
for tying plants i'n gardens, and for making the bottoms of chairs, mats, and the like. 
The central cellular tissue, or pith, is used for candles, called Rushlights. Bulrushes 
.are a different plant {Typha ) ; these are used for polishing wood, and also by coopers. 
The Butch rush {Equisetum hyemale) is also much used for polishing metals and stone. 

RirsSBT. Madder Brown or Fiekrs Russet, a pure rich transparent brown, pre- 
pared from the madder-root. 

RUSSIAR XiEATBSR. Sfee Leather, Russian. 

RVBT is the orange-yellow coat of peroxide which forms upon the surface of iron 
ex])oscd to moist air. Oil, paint, varnish, plumbago, grease, or indeed any body 
wliicli will .shield the metil from the moist air, may be employed, according to eir- 
cumstances, to prevent the rusting of iron utensils. 

Iron under all ordinary circumstances effects the decomposition of water, abstract- 
ing the oxygen, and combining with it. The rusting of iron is one of the many 
instructive examples of chemical affinity which are constantly occurring around us. 

The Messrs. Myers have patented a composition fur preventing rust on bright steel, 
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iron, brass, or other metal surfaces. For this purpose they take : Gutta*percha, ] 0 lbs. ; 
mutton-suet, 20 lbs. ; beef-suet, 30 lbs. ; neats -foot oil, 2 gallons ; rape oil, 1 gallon. 

These materials are melted together until thoroughly dissolved, and then coloured 
with a small portion of rose-pink ; oil of thyme, or other perfuming matter, being at 
the same time added. “When cold, the composition is ready to be applied by rubbing 
upon the metallic surfaces which require protection. 

KVTACSJBa The only plant in this natural order which is employed in manu- 
facture is the false Dittany {Diefamnus fraxindla). Perfumers obt ain from the flowers 
of this shrub a very odorous distilled water, which is used as a cosmetic. It is also 
employed in giving flavour to some liqueurs. 

in mining. Used in some lead mines t-o distinguish very small strings of ore. 

ItVTBnrXUM {Symb. Ku. ; At. wt. 5211). After osmium, ruthenium is the 
most refractory metal known. It requires a very extrenie heat to melt the smallest 
quantity. When melting, there is formed the oxidcj of ruthenium, which is volatilised, 
and which smells something like osmic acid. When removed from the flame, rnthoniiim 
is blackish -brown on the surface, and is brittle and hard like iridium. It is only dis- 
tinctly separated from this last metal by its density, which is obviously half that of 
iridium. The purest ruthenium obtained has a density of 1 1 to 11 -4. 

To prepare the metal mix the o.'imide in fine powder with 3 parts of binoxide of 
barium and 1 part of nitrate of baryta, and heat them to redness in a clay crucible for 
an hour. The black friable mass which remains is pow'dered with great care and 
introduced into a flask in w’hich has been previously mixed 20 parts of water and 10 
parts of ordinary muriatic acid. The flask must l»e placed in cold water to avoid 
the elevation of temperature which would ensue from the violimt reaction which 
takes place. This operation should be conducted under a good chimney to avoid the 
escape of the osmic-acid vapour into the laboratory. 

When this reaction is finished, 1 part nitric acid is added, and then 2 parts ordinary 
strong sulphuric acid. The flask is now well shaken, and the sulphate of bar^lfi is 
allowed to deposit. The supernatant liquid is the)i poured off, the precipitate is 
washed by decantation, and the liquid and Uk; washings are distilled together in a 
tubulated retort, until about a fourth of their volume ot a liquid very rich in osmic 
acid has pas-sed over. The red liquor wliicli is loft in the retort i.s evaporated to a 
small volume, 2 or 3 parts of sal-ammoniac in small pieces are added, and a small 
quantity of nitric acid. The whole is now evaporated to drynes.s at tlie temperature 
of boiling water. A cr^'stalline violet-black precipitate remains in the cap.'^ule, whieli 
is treated with a small quantity of water parth’ saturated with sal-ammoniac, and washed 
with the same solution until it is no longer coloured. The insoluble salt left (chloro- 
iridate of ammonia containing ruthenium) is heated degrees to redness in a 
porcelain crucible. The mixture of iridium and ruthenium thus obtained is fused in 
a silver crucible with an equal weight of hydrated ])ot.ash and twic(i its weight ()f 
nitre, and when cold the rutheniate of potash is dissolved out with cold water ; the 
solution, which is yellow, is decompf»sed by means of carbonic or nitric acid, and the 
precipitated oxide of ruthenium is strongly ctilcined in a charcoal crucible. The 
ruthenium is then reduced in the apparatus before described. Iridium and ruthenium 
present many analogies; their coloured reactions are the same, and the oxide of 
iridium dissolves in a mixture of nitre and potash. 

Ruthenium forms with zinc an alloy which will burn in the air ; it crystallises in 
hexagonal prisms. Witli tin there is formed an alloy RuSn", which crystallises in 
cubes as beautiful in their form and lustre as crystallised bismuth. — Dcville and 
Debrag an the Platmum Metals. 

BinnOUH. Native oxide of titanium. 

Rutile occurs in granite, gneiss, mica-slate, and Syenitic rocks, and occasionaily in 
granular limestone. It has sometimes been met with in specular iron. The way in 
which it occurs in masses of quartz or felspar, the acicular crystals being imbedded, 
is very curious. The following localities are given by Dana : ‘ Brazil affords acicular 
crystals in limpid quartz; also occurs in Arendal in Norway ; Siiu-alpo, Carinthia ; in 
the Urals ; in the T 3 rrol ; at St. Gotthard ; at St.Yrieix, in France ; Krummhennersdorf 
near Freiberg ; in Castile, in geuiculated crystals, often very large. At, Olilapian in 
Tran^lvania, Ni^ine in pebbles; in laige crystals in Perthshire; at Cairngorm, 
Scotland ; at Craig Cailleach near Killin, and in Beiigloe ; in Isles of Burray, Shet- 
land. A variety from Karingsbricka in Sweden contains a small percentage of 
chrome, and is tJie tiiane oxyde chromifere of Haiiy. Rough octahedrons, ruticuhitod 
within, from Brazil, are supposed to be pseudomorphs after auastase.’ Besides 
these, Dana gives at least twenty localities in America. 

The oxide of titanium is employed for a yellow colour, in painting porcelain ; and 
it is often employed to give the requisite tint to artificial teeth. Rutile is so named 
from the Latin rutUus, which signifies a ehining red.’ 
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AYB (Seiglc, Fr. ; Eoggen, Gor.) is a cereal grain {Secale cerealc), supposed to be a 
native of Crete, and apparently used at a very (jarly period by man. The culture of 
rye is confined to the temperate zones. Rye consists, according to the analysis of 
Einhof, of 2i'2 of husk, 65*6 of flour, and 10*2 of water, in 100 parts. This chemist 
found in 100 parts of the flour, 61-07 of starch, 9*48 of gluten, 3-28 of vegetable 
albumen, S-28 of uncrystallisable sugar, 11*09 of gum, 6*38 of vegetable fibre, and the 
loss was 6*62, including a vegetable acid not investigated. Some phosphate of lime 
and magnesia is also present. 

Rye-straw has been long used and celebrated for the manufacture of straw-pl.ait. 

BTB, BJtOOT OP. (Secale comutum). The grain rye is subject to a disease 
(Spermedia commonly known as which causes the grain to turn black. 

It is produced by the attack of a fungus known as Cordyccfs purfiirea. The ergot is 
us(>d medicinally. See Pereira’s Maferm Mcdica. 


S 

8ABXCA WOOD. A wood grown in Cuba, and used for ship-building. It is 
the produce of Lysdmiia Sahica. 

SA8DB. A valuable fur obtained fi-om the marten. See Fur. 

SABOT. A wooden shoe. The manufacture of these in France is very important. 

SABOTZBRB. An apparatus for making ices ; it is composed of two principal 
parts — a pail which is indented towards the top and covered, and the sahotiere, or inner 
vessel, slightly conical, which is inserted in the pail, on which it rests by a projecting 
border or rim ; this vessel is clo.sod at the bottom like a cup, and open at the top to 
admit the creams to be iced. The freezing-mixture is turned iuto tlie pail, and the 
creams to be iced iuto the inner vessel ; its cover is tlien fastened by the hook, and 
the vessel is set into the pail among the freezing liquid ; then taking the whole by the 
handle of the sabotiere, an alternate motion of rotation is given to it for about a quarter 
of an hour, when the cream is sufficiently frozen. See Freezings Mixture. 

SACCBABOBXBTBXt is the name of .a hydrometer, adapted by its scale to point 
out the proportion of sugar, or the saccharine matter of malt, contained in a solution 
of any specific gravity. Brewers, distillers, and the Excise, sometimes denote by the 
term ‘gravity’ the excess of weight of 1,000 parts of a liquid by volume above the 
weight of a like volume of distilled water, so that if the specific gravity be 1045, 1070, 
1090, &c. ; the gravity is said to be 45, 70, or 90 ; at others, they thereby denote the 
weight of saccharine matter in a barrel (36 gallons) of worts ; and again, they denote 
the excess in weight of a barrel of worts over a barrel of water, equal to 36 gallons, 
or 360 pounds. This and the first statement are identical, only 1,000 is the standard 
ill the first case, and 360 in the second. 

The saccharometer used by the Excise, and by the trade, is that constructed by the 
late Mr. R. B. Bate. The instrument is composed of brass ; the ball or fioat being a 
circular spindle, in the opposite ends of which are fixed a stem and a loop. The stem 
bears a scale of divisions, numbered downwards from the first to 30 ; these divisions, 
which are laid down in an original manner, observing a diminishing progression 
according to true principles ; therefore each division correctly indicates the one- 
thousandth part of the specific gravity of water ; and further, by the alteration mad(< 
in the bulk of the saccharometer at every change of poise, each of the same divisions 
continues to indicate correctly the said one-thousandth part throughout. 

The following Table shows the quantities of sugar coutained in syrups of the an- 
nexed specific gravities. It was the result of experimeuts c<irefully made by the late 
I)r. Ure:— 


Experimental spec, gravity 
of solution at (i0° E. 

Sugar ill lUO* by ! 
weight 

Exiierimcntal spec, gravity 
of solution at 00° F. 

Sugar iu 100* by 
weight 

1*3260 

66-666 

1*1045 

25000 

1*2310 

50*000 

J *0905 

21*740 

M777 

40*000 

1*0820 

20*000 

1 -4400 

33*333 

1*0635 

16-666 

1*1310 

3] *250 

1*0500 

12*500 

11250 

29*412 1 

1*0395 

10*000 

1-1110 

26*316 I 


1 
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TcM>e exhibiting the Quantity of Sugar, in Pounds Avoirdupois, which is contained In 
One Gallon of Syrup, at successive Degrees of Density, at C0° F. 


Specific 

gravity 

lbs. per 
gallon 

Extract 

by 

■weight 
in 100- 

Specific 

gravity 

lbs. per 
gallon 

Extract 

by 

weight 
in 100- 

Specific 

gravity 

Ib^. per 
gallon 

Specific 

gravity 

lbs. per 
gallon 

1-000 

0-0000 

-0000 

1-077 

2-0197 

•1851 

1-1.54 

4-0880 

l*2::i 

6*1474 

1-001 

0-0265 

*0026 

1-078 

2-0465 

•1873 

1-155 

4-1148 

1*232 

6*1743 

1-002 

0-0610 

*0051 

1-079 

2-0734 

•1896 

1-156 

4-1319 

i*2:;3 

t;*2012 

1-003 

0-0765 

*0077 

1-080 

-2-1006 

•1918 

1*1.57 

4-1588 

1*2;;4 

6-2280 

1-004 

0-1020 

*0102 

1-081 

‘2-1-275 

•1941 

1*1.58 

4-1857 

1 •2;;5 

6-25.51 

1-005 

0-1275 

*0128 

1-082 

2- 1543 

•196;; 

1-159 

4*2128 

1*236 

6-2822 

1-006 

0*1630 

-0153 

1-083 

‘2-1811 

•1985 

MGO 

4*2502 

1*237 

ti-3093 1 

1-007 

0-1786 

•0179 

1-084 

‘2-‘2080 

•2007 

1-161 

4*2771 

1 -238 

6-;}362 

1-008 

0-2040 

•0204 

1-085 

l“23r)9 

•2029 

M62 

4-3040 

1-239 

6-36:! 1 

1-009 

0-2295 

•0230 

1*086 

2-2627 

-2051 

1-163 

4-3309 

1*240 

(:-.3!to:i 

1-010 

0-2650 

•0255 

1-087 

2-2894 

•‘2073 

1-164 

4-3578 

1-241 

6-41,5-2 

i-on 

0*2805 

•0280 

1-088 

•2-3161 

-2095 

M65 

4-3847 

1-242 

6-4401 

1-OI-i 

0-3060 

•030(i 

1 -089 

-2-343S 

-2117 

1-166 

4-4115 

1-243 

6-46,50 


0-3315 

•0331 

1 1-090 

‘2 3.710 

-2l;:9 

M67 

4-4383 

1-244 

6-4902 

1-014 

0-3570 

•0356 

j 1-091 

-2-3:»S7 

*2161 

I -168 

4-4652 

1-245 

6-515:; 

1-015 

0-38-25 

•0381 

‘ l-(»92 

2-42.56 

-2183 

1-169 

4-41*23 

]-24(: 

6-5402 

I-OIG 

0-4180 

•0106 

! 1-093 

•2*4524 

•2205 

M70 

4-5201 

1-247 

6-565 1 

1-017 

0-4335 

•0431 

. 1-094 

2-4792 

-22-27 

1-I71 

4-5460 

1*248 

()-590;{ 

1-018 

0-4590 

•0456 

! 109.) 

2-5<*6l 


1-17-2 

4-5722 

1-249 

(i'C 152 

1-019 

0-4845 

•U4S1 

1-096 

‘2-5329 

•2270 

J -1 73 

4-5983 

1-2.50 

6*6402 

1-020 

0-5100 

•0506 

1-097 

2*.5598 

♦2*292 

M74 

4-6242 

1-2.51 

6"6681 

1-021 

0-535 1 

•0531 

1-098 

2-5S66 

•2;J14 

1 •] 75 

4-6505 

1-2.52 

6*6960 

1-0-22 

0-5602 

-0555 

1 -099 

2-6130 

•2;J35 

] -1 76 

4-6764 

1 -2.53 

6‘-7240 

1-023 

0-5853 

•0580 

MOO 

2-61(»4 

•2;:.57 

1-177 

4-7023 

1-2.54 

6-7.5-21 

1-024 

O-CKU 

0605 

1-lOJ 

2-6(i63 

•2.‘;7S 

M78 

4-7-281 

1 -2.5.5 

6-7800 

1-025 

0-6355 

•0629 

1-1U2 

*2-6921 

-210(» 

M7!) 

4-75;i9 

1 -2-56 

6-8n>: 

1-026 

0-6G06 

•0654 

1-103 

2-7188 

-2421 

1 1-180 

4 -7802 

1 -2.57 

6-8;;62 

1-027 

0-6857 

•0678 

1-104 

2-7446 

-2443 

1 1-JSl 

4-8051 

1 -2.58 

6-864;; 

1-028 

0*7108 

•0703 

1-105 

2-7704 

•2464 

i 1-182 

4-H:’,03 

1 ■2.5i» 

(;-89':i 

1-029 

0-7359 

-07-27 

1-106 

2-7961 

•2486 

1-183 

4-8.55 4 

1-260 

6-9-2U1 

1-030 

0-7610 

•0752 

1-107 

2-S‘227 

•2507 

. 1-184 

4-8802 

1 1-261 

r.-!6510 

1-031 

0-7861 

•0776 

r]08 

2-8485 

•2529 

1 1-18.5 

4-9051 

1 -262 

()-98-22 

1-032 

0-8112 

•0800 

1-109 

2-8740 

•2550 

! 1-186 

4-9;{00 

1 -26.3 

7-OJ 33 

1-033 

0-8363 

•0825 

1-110 

2-9001 

-2571 

1-187 

4-9552 

1-264 

7*0444 

1-034 

0-86U 

•0849 

Mil 

2-9-263 

•2593 

} 1-188 

4-y8o,'{ 

1 -265 

7*0751 

1-035 

0-8866 

•0873 

Mr2 

‘2-9522 

•2614 

1-189 

5 •00.54 

1 -266 

7-10110 

1-036 

0-9149 

•0897 

1-11.3 

*2-9780 

•26:;5 

1 1-390 

5-0304 

1 -267 

7-1 .'ICO 

1-037 

0-9449 

•0921 

^ M14 

1 3-0045 

•265(; 1 

i ]-i9] ' 

■ 5-0.56:: 

1 -268 

7-l(;7S 

1-038 

0-9768 

•0945 

■ 1-115 

3-0304 

•2677 ! 

M92 i 

i 5-08-22 

1 1-269 

7-1988 

1-039 

1-0090 

•0969 

! 1-116 

3-0.56.3 

-2698 ' 

1 M93 i 

5-1080 

1-270 1 

7-2.300 

1-040 

1-0400 1 

•0993 j 

1-117 

3-0821 

-2719 ; 

! 1-194 i 

5-1 3 i 1 

3-271 1 

I 7-2601 

1-041 

1-0653 

•1017 . 

MIS 

3-1080 

-2740 

: 1-195 . 

5-1602 

1-272 

I 7-2902 

1-042 

1*0906 

•1041 !: 

1-119 

3-1343 

•2761 

; M96 ; 

5-1 863 

1-273 

7-3204 

1-043 1 

1-1159 

•1065 j! 

M-20 

3-1610 

-2782 ' 

' 1-197 

5-21-24 

’ 1-274 

; 7-3506 

1-044 

1-141-2 

•1089 i; 

M2I 

3-1871 

-jKc;; ! 

M98 ' 

.5-2::81 

! 1-275 

7-;j807 

1-046 

1-1665 

•1113 1 

1-T22 . 

3-2130 

•‘28*24 li 

M99 

5-2639 

1-276 

7-4109 

1-046 : 

1-1918 

•1136 

1-123 

3-2399 

•284.5 

1-200 

5-2901 

1-277 

7-4409 

1-047 

1*2171 

•1160 

1-1-24 

3-26.58 ! 

•2865 

1 1-201 

5-3160 

1-278 

7-4708 

1-048 

1-24-24 

•1184 

1-1-26 

3-2916 

•2886 ; 

1 1-202 

5-34-22 

1-279 

T-.50O7 

1-049 

1-2687 

•1207 

M26 

3-3174 

-2907 j 

! 1-203 

5-3681 

]-2s() 

7-5:i07 

1-050 

1-2940 

•1231 

l-J-27 

3-.3431 

-29-27 

1-204 

5-39 M 

1-2.81 

7-5600 

1-061 

1-3206 

•1254 

1-1-28 

3-3C90 

•2948 ! 

• 1-205 

5-420;{ 

1*282 

7-,58:ii 

1-052 

1-3472 

•1278 1 

1129 

3-3949 

•2969 !l 

1-206 

5-4462 

1*283 

' 7- 6 1 80 

1-053 

1-3738 

•1301 1 

1-130 

3-4-211 

•2989 I'i 

1-207 

5-4720 

1 *284 

7-64(i9 

1-054 

1-4004 

I -1325 j 

1-131 

3-4490 

■:><)] 0 i| 

1 -208 

5*4979 

1 *28.5 

7'67.58 

3-066 

3-4270 

•1348 1 

1-132 

1 3-4769 

•:mn 

1-209 

5 •52;; 9 

1 *286 

7-7048 

1-056 

1-4536 

•J372 

1-133 

3-5<*4H 

1 -30.51 

1-210 1 

5-5.506 

1*287 '■ 

7-r;;;;i 

3-067 

1-4802 

•1395 

1-134 

3-5326 

' *;5071 II 

1 -21 1 j 

5*5786 

2*288 1 

7-7620 

1-068 

1-6068 

•1418 1 

1-135 

3*5605 

1 -3092 ; 

1-212 

5*6071 

1*289 

7-79] 0 

1-069 

1-5334 

•3441 , 

M36 

3-5882 

‘ -3112 i| 

1-213 

5*6360 

3-290 1 

7 •8-201 

1-060 

3.5600 

•3464 ! 

1-137 

3-6160 

•3132 1 

1-214 

5*6651 

1-291 I 

7-8482 

1-061 

1-6870 

•1487 i 

1-138 

3-6437 

•3153 1 

1-215 

5*6942 

1-292 i 

7-876:; 

1-062 

1-614-2 

•1510 

1-139 

3-6716 

•3173 !! 

1-216 

5*7233 

1 -29.3 

7-9042 

1-063 

1-6414 

•1633 1 

1-140 

3-7000 

i -3193 i 

1 1*217 , 

5*7522 

1-294 

7-9321 

1-064 

1*6688 

•1556 ! 

1-141 

3-7281 

•3214 1 

1 1-218 

5-7814 i 

]*295 

7-9600 

1*066 

1-6959 

•1679 

1-142 

3-756*2 

•3234 i 

I 1-2] 9 , 

5-8108 ! 

1 -296 

7-9879 

1-066 

1-7228 

•3602 i 

1-143 

3-7840 

•3264 i 

1-220 

.5-8401 

1 1 -297 

8-01,58 

1-067 

1-7496 

•1625 I 

1-144 

3-8119 

•3274 

1-221 

.5-8680 

1 1*298 

8-0448 

1-068 

1-7764 

•1647 ! 

1-145 

3-8398 

•3294 1 

1 -22-2 

5*8962 

1 *299 

8-0719 

1-069 

1*8033 

•1670 j 

1-146 

3-S677 

•33 J 4 1 

1-22;; 

5*9242 

1-300 

8-1001 

1-070 

1*8300 

•1693 

1-147 

3-8955 

•3334 

1-2-24 

5-9523 



1-071 

1-8671 

•1716 

1-148 

3-9235 

•3354 

1’2*25 

5 *.9801 



1-072 

1-8843 

•1738 ' 

1*149 

8-9516 

•3574 

1 -226 

6*0081 



1-078 

1-9116 1 

•1761 , 

1-160 

3-9801 

•3394 

1-227 

6-0361 



1-074 

1-9386 j 

•17s:i ; 

1-161 

4-0070 


1-228 

6-()642 



1-075 

1-9653 

•1806 1 

1*162 

4-034*2 


] -2*29 

6*0925 



1-076 

1*9928 1 

•18*28 j 

1-163 

6-0611 

1 


1-230 

6-1205 
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N.B. Tlio column in the table on p. 728, marked extract weight in *100, is Mr. 
Bate’s ; it may bo a^mpared -with the preceding short tiible on p. 727, and also with 
the table of Malt Infusions in this Dictionary. See Beer ; Matt ; PEnMBNTA.Tioir. 

If the decimal part of the number denoting the specific gravity of syrup be mul- 
tiplied by 20, the product will denote very nearly the quantity of sugar per gallon in 
pounds nt the given specific gravity. 

BACK. A general name for a large bag. Its capacity varies much ; it may 

therefore bo useful to give a few examples of its capacity in different places : 

Winchester 

bushels 

France, : the minimum French sack is . . . 2*012 

maximum ditto .... 4‘256 


France : the minimum French sack is 
maximum ditto 

Brussels: the sack is . . • . 

A)nerica : the miller s sack is 
ordinary sack of salt 


England : the sack of wool 


sack of flour or corn .... 280 lbs., or 2 cwts. 2 qrs. 

sack of coals formerly .... 3 bushels, 

do. recent .... 2 cwts. 

, , f 3 heaped bushels. 

Hack oUIry gocKls 1 4 striL bushels. 

Sach: is also a, loose robe. A name formerly given to sherry. 

SACKCILOTB. A coarse baling or wrapping. 

SACXZira>. A coarse kind of hemp fabric, made chiefly in Dundee and in the 
north of Ireland. 

SAFETY APPAXATirS, for the pre cent ion of ovcr-windhig in mines. Niiino- 
rous arrangements — many of them very in- 
genious — have been introduced from time to 

time, to prevent the accidents which have 7^ 

very often arisen from winding the cage, con- 

taining men, over the pulley, or the load, 

which, breaking away, falls of course to the L'm 

bottom of the shaft. ^ 

Two of the latest inventions for this pur- 
pose arc all that can bo Jidmitted with the ({ M 

space nt disposal. The first of those is f 

Walker’s Detaching Hook, and the second \ ' 

King’s Safety Apparatus. ( v 

Tiie principle in each invention is the same, 1 

and the safety in either case is obtained from xNFTN. 

the fact, that if the load is raised above a / 1 

certain point, the weight of the load compels ( 1 r r Q 

the rope to become detached, which detaching 

cannot take place until the ‘jaw hooks’ have '■ . J V l 

a firm hold on the supporting ring. \ d d t 

Fig. 1734 is the front view of Walkers pH H.^1^ 

detaching hook, with the supporting ring and 

clamp in section, and j^. 1735 is another / ‘-v ^ \ 

view of the same after the liook is de- / \ 

The lifting rope is attiiched to the shucklo 
A, and the load to the connecting link u. 

The siipportin'g ring, c (through whicli the 
rope is constantly working), is a fixture in a 

baulk of timber, or iron girder, at the pit top. \ # 

The hook consists of a pair of jaws, i>, i», a 

working on a centre-pin, e, in such a manner A 

that the weight of the load has a tendency to f 

open the upper limbs, which clip the strong | if j ji 

centre- pin of the shackle A. The upper limbs ^ I jS 

are formed externally with jaw hooks, r, f. \ V 

iho jaws are kept together, and made to re- 
tJiiu the shackle-pin by means of the clamp 
H, which is held in position by the pins i, i. 

In case of overwinding, tlie jaw hooks (held together by the clamp) piuss freely into 


. 6*90. 

. 2 * 00 . 

. 215 lbs. 

{ 2 weys. 
13 tods. 
364 lbs. 
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the ring c, but the projections, k, k, of the clamp coming into contact with the bottom 
&ngo of the said ring hold the clamp stationary, while the jaws are being pulled 
through, the result being that the pins. 1 1, nr© sheared off, and the jaw hooks released 
from the restraint of the clamp. The internal diameter of the ring being the same as 


173o 


1736 


1737 



the width acrobs the jaw hooks, r, f, the 
i*ope remains secure, until the jaw hooks 
reach the top of the ring, when, by the action 
of the weight of the load, they are forced 
open, and so hook on to the top of the sup- 
porting ring c, as shown in Jig. 1735, tlie rope passing harmlessly over the pulley. 

The recess o, in the ring c, is intendetd to meet an imaginary case that experiment 
shows to be alniost impossible, namely, that if the engine is reversed after the pins i, i, 
are cut, and before the hooks reach the top of the ring, the jaws will then hook into 
the recess, and the load remain suspended in perfect safety. 

It will be observed that the upper edge of the ring c is curved t(^ match the sweep 


1738 


of the jaw hooks when opening. Ily this 
arrangement all shock is avoided. 

King’s SHlety Apparatus w’ill be per- 
fectly understood from the accompanying 

figures. 

Fig. 1738 is a plan showing plate fixed 
on top side of beams, which must bo of 
good strong oak, strong enough to hold 
three times the weight it has to carry ; 
the two pieces of timber to be as far 
apart as the ring is wide ; the plate to be 
strongly bolted with four pins. 

Figs. 1736 and 1787 show the inside of plates when in work ; cc, when drawn up to 
the plate, we compressed, which forces d d out on the opposite side, and opens the jaws 
6f IB, which releases top shadde and leaves n d secure on the top side of plate, a is 
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a small hole in centre of hook for a .j-inch pin to be rivetted in for holding the 
plates secure when in work — care must be taken not to work without it ; when drawn 
up to c c it is sheared in four parts ; the hole b is to put a drift in for holding the 
plates square, so as to punch the sheared pin out. 

The detaching hook is simple in construction, and it appears to be eflfectual and 
certain in action, and is said not to be very liable to get out of order. 

8AX*aTT CAOB. In all our collieries the men descend to their labour and are 
raised from the depth of the mines by winding machinery. This may be described 
in general terms as a stage travelling in guides fixed to the sides of the shafts. The 
rapidity with which these stages are moved up or down is very great, and conse- 
quently, if anything occurs to en^ige the attention of the man in charge of the 
winding-engine, the stage with its living load is either landed with injurious violence 
at the bottom of the pit, or it is carried over the pulley, and thus the lives of the 
men are sacrificed. The engraving, fig. 1739, shows an ingenious contrivance for 
obviating the blow which arises from reaching the bottom at too great a speed, c c, are 



)>latforms placed on india-rubber springs b h (see Caoutchouc), on the landing at 
the bottom of the pit ; d, is one of the cages which has descended, the other being 
supposed to bo at the surface. The elasticity of these springs certainly servos to 
protect the men from tlio violence of the concussion in the event of the rope breaking, 
or if from any other cause they suddenly roach the bottom. 

Many safety cages, have been invented, in which the principles are to allow them 
to travel freely on their guides, so long as the rope by which they are suspended re- 
mains entire; but, in the event of its breaking, arms, levers, or catches, are released; 
these seize the guide-rods, and thus sudilenJy stop the cage. Experience has not 
satisfactorily confirmed the value of these arrangements. 

The remarks made by the reporter on the Safety Cages exhibited in the Inter- 
national Exhibition of 1862 are well w'orthy of consideration : — 

* The jury gave careful attention to all the varieties of this apparatus, and were 
strongly impressed with the merits of several of them, and with the desirableness of 
enlisting in this cause the interest of the intelligent mechanician. But they share 
in the repugnance of colliery vd ewers to trust to the action of a spring, on which 
most of them depend; and which, of w'hatever substance it is made, is sure, 
degrees, to lose its elasticity, and is thus liable, unless frequently looked after, to fiiu 
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at the moment when required. They are also aware that a great inconvenience, not 
to say danger, has been introduced by all those hitherto employed, in consequence 
of the apparatus being brought into play by a plunge during the rapid descent of the 
cage, ana that hence several of those inventions, after being fairly tried for one, two, 
or thre^ears, have been ultimately removed. Nor is it too much to say, although 
an insufficient argument if taken alone, that the employment of this apparatus has 
a tendency to make people careless about the examination and renewal of ropes.’ 

SAFBTT WBB. A woven cylinder containing gunpowder, employed in blasting 
rocks, especially in our mines. 1 he safety fuse is also prepared for blasting under 
water. See Fuse, Sapbty. 

8AVBTT JULMJfm The dangerous nature of the accumulation of hre>damp in a 
colliery renders it necessary that some means should be employed to produce light 
under such circumstances that the risks of explosion are greatly reduced. 

The contrivance of a steel mill was formerly used, but it afforded only a gleam of light. 

It consisted of a small frame of iron, mounted with a wheel and pinion, which gave 
rapid rotation to a disk of hard steel placed upright, to whose edge a piece of flint was 
applied. The use of this machine entailed on the miner the expense of an attendant, 
called the ‘ miller.’ Nor was the light altogether safe, for occasionally the ignited 
shower of steel particles attained to a sufficient heat to inflfimc the fire-damp. 

At length the attention of the scientific world was pow’erfully attracted to the moans 
of lighting the miner with safety, by an awful catastrophe which happened at Felling 
Colliery, near Newcastle, on May 25, 1812. This mine was working wiUi great vigour, 
under a well-regulated system of ventilation, set in action by a furnace and air-tulte, 
placed over a rise-pit in elevated ground. The depth of wanning w-as above 100 
fathoms ; 25 acres of coal had been excavated, and one pit was yielding at the rate* of 
1,700 tons per week. At eleven o’clock in the forenoon tJie night shift of miners wais 
relieved by the day shift ; 121 persons were in the mine, at their several stations, 
when, at half-past eleven, the gas fired, with a most awful (‘xplosion, which alarmed 
all the neighbouring villages. Of the 121 persons in tlie mine at the time of llio ex- 
plosion, only 32 were drawn up the pit alive, 3 of whom died a few hours after the 
accident. Thus no less than 92 valuable lives were instantiineously destroyed by the 
fire-damp. 

Br. W. Reid Clanny, of Sunderland, was the first to eonlrive a lamp which might 
burn in explosive air without commuiiicjiting flame to the gas in wliich it was plunged. 
This he effected, in 1813, by means of an air-tight lamp, with a glass front, tlie flame 
of which was supported by blowing fresh air from a small pair of V.ellows through a 
stratum of water in tlie bottom of the lamp, wdiile the heated air ])assed out through 
water by a recurved tube at top. Ry this means the air within the lamp was com- 
pletely insulated from the surrounding atmosphere. Tin’s lamp was the first ever 
taken into a body of inflammable air in a coal-mine, at the exploding point, w’ithoiit 
setting fire to the gas around it . Dr. Clanny made another lamp upoii an improved 
plan, by introducing into it the steam of water generated in «'i small vessel at the top 
of the lamp, heated by the flame. The objection to these lamps was their inconveni- 
ence in use. 

In the course of a long and laborious investigation on the operation of the fire- 
damp, and the nature and communication of flame, .Sir H. Davy ascertained that tlie 
explosions of inflammalde gases were incapable of being passed through long naiTow 
me.tallic tubes; and that this principle of security was still obtained by diminishit:g 
their length and diameter at the same time, and likewise diminishing their length 
and increasing their number, so that a great number of small apertures would 
not allow an explosion to pass, when their depth was equal to their diameter. I’liis 
fact led him to trials upon sieves made of wire-gauze, or metallic plates perforated with 
numerous small holes; and he found tliat igniUxl gases would not pass through tliem. 

The apertures in the gauze should never Ije more tlian ^th of an inch sqmiro. Jii 
the working models, sent by Sir H. Davy to the mines, there were 748 apertures in 
the square inch, and the wire was about ~th of an inch diameter. The cage or 
cylinder of wire-gauze should be made by double joinings, the gauze being folded 
over in such a manner as to leave no apertures. It should not be more than 2 inches 
in diameter, or in large cylinders the combustion of the fire-damp renders the top 
inoonvenienUy hot ; and a double topis always a proper precaution, fixed at a distance 
of about half au inch above the first top. 

The principles upon which these lamps are constructed, dependent as they are upon 
some of the most refined re6etfi*cheB of science, must be, briefly described. Flame is 
gaseous matter in a state of combustion, that is, it is under the ordinary circumstances 
earburetted hydrogen gas in active combination with oxygen. * During the intense 
chemical action there is a great increase of volume, carbonic acid aud water-vapour 
Escaping. Fire-damp is for the most part light earburetted hydrogen or marsh-gas. 
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This is formed by the changes which go on in the carbonaceous compounds of which 
coal is constituted, and it is condensed in the coal. 

A few of the analyses which have been published by different chemists will show 
the composition of the fire-damp of our coal-mines. 


Wallsend, Bcn- 
sliam scam 
Jarrow, Bonsliam 
seam 

Killing worth 
Grateshead . 

Carburetted 

hydr(^n 

Light 

air 

Nitrogen 

Oxygen 

Carbonic 

acid 

Name of 
clicinist 

77-50 

83-10 

66-30 

94-20 

23*35 

21-10 

14-20 

6-52 

4-50 

0- 40 

1- 30 

1- 30 

2- 10 
4-03 

Playfair. 

Richardson. 

Graliam. 


Mr. Tennant, in his ‘ Researches on Flame,* first noticed that burning gases would 
not pass through tubes of a certain diameter. Dr. Paris says, Davy was not aware of 
Tennant’s researches. Re this as it may, he greatly extended the inquiry. 

The first full account of Davy’s beautiful researches w'as published in the ‘ Philoso- 
phical Transactions’ for 1816, his memoir being entitled ‘An account of an invention 
for giving light in explosive mixtures of fire-damp in coal-mines, by consuming the 
fire-damp.’ In January 1817, the principle was announced in a paper on ‘Some new 
exporimenta and observations on the combustion of gaseous mixtures, witli an account 
of a method of preserving a continued light in mixtures of inflammable gases and air 
without flame/ 

The lamp of Davy, fig. 1 740, con- 1741 

sists therefore of a common oil- 
lamp, surmounted with a covered 
cylinder of wirc-gauzo, for trans- 
mitting light to the miner without 
endangering the kindling of the 
atmosphere of fire-damp w^hieh 
may surround him. 

The gauze-cylinder should be 
fastened to the lamp by a screw', 
h^fig. 1741, of four or five turns, 
and fitted to the screw by a tight 
1^/ ring. All joinings iu the lamp should be made with liard 
^ solder; as the security depends upon the circumstance, that 
no aperture exists in the apparatus larger than in the wire- 
gauze. 

The parts of the lamp are, - 

1. The brass cistern a, tf, fig. 1741, w'hich contains the oil. 
It is pierced at one side of the centre with a vertical narrow 
tube, nearly filled with a w'ire which is recurved above, at the 
level of the burner, to trim the wick, by acting on the low'cr 
end of the wire e w'ith the fingers. It is called the safety- 
trimmer. 

2. The rim b is the screw neck for fixing on the ganze- 
cylinder, in which the wire-gauze cover is fixed, and w'hich is 
fastened to the cistern l)y a screw fitted to b. 

3. An aperture t*, for supplying oil. It is fitted with a screw' 
or a cork, and communicates with the bottom of the cistern by 

a tube at/, a central aperture for the wick. 

4. The wire-gauze cylinder, /</. 1740, which should not have less than 625 apertures 
to the square inch. 

6. The second top, ^ of an inch above the first, surmounted by a brass or copper 
plate, to which the ring of suspension may bo fixed. It is covered with a wire cap iu 
the figure. 

6. Four or six thick vertical wires, / </ g' g'. joining the cistern below with the top 
plate, and serving as protecting pillars round the «ige. g {fig> 1741) is a screw-pin to 
fix the cover, so that it shall not become loosened by accident or carelessness. The 
oil-cistern, 1741, is drawn upon a larger scale than/^. 1740, to show details of 
the smaller parts. 

When the w ire-gauze safety-lamp is lighted and introduced into an atmosphere 
gradually mixed with fire-damp, the first effect of the fire-damp is to increase the 
length and size of the flame. When tlio inflammable gas forms so much as ^th of 
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the Tolume of the ah:, the cylinder becomes filled witli a feeble blue flame, while tlie 
flame of the wick appears burning brightly within the blue flame. The light of the 
wick augments till the fire-damp increases to Jth or Jth, when it is lost in the 
flame of the fire-damp, which in this case fills the cylinder with a pretty strong light. 
As long as any explosive mixture of gas exists in contact with the lamp, so long it 
will give light ; and when it is extinguished, which happens whenever the foul air 
constitutes so much as Jrd of the volume of the atmosphere, the air is no longer 
proper for respiration ; for althoi.gh animal life will continue where flame is extin- 
guish^ yet it is always with suffering. By fixing a coil of platinum-wire above the 
wick, ignition may be continued in the metal when the lamp itself is extinguished ; 
and from this ignited wire the wick may be ngaiii rekindled, on carrying it into a less 
inflammable atmosphere. This arrangement, how'ever, is rarely employed. 

The late Mr. John Buddie, one of the most experienced of coal-miners, wrote as 
follows, in the ‘Journal of Science,' on the general use of the safety-lamp; — ‘We have 
frequently used the lamps where the explosive mixture was so high as to heat the 
wire-gauze red-hot ; but on examining a lamp which has been in constant use for three 
months, and occasionally subjected to this degrtie of heat, I cannot perceive that the 
gauze-cylinder of iron-wire is at all impaired. I have not, however, thought it 
prudent, in our present state of experience, to persist in using the lamps under such 
circumstances, because I have obsen’ed, that in such situations the particles of coal- 
dust floating in the air, fire at the gas burning within the cylinder, and fly off in small 
luminous sparks. This appearance, I must confess, alarmed me in tln^ first instancf*, 
but experience soon proved that it was not dangerous. 

‘ Besides the facilities affonled by this invention to tlie working of coal-mines 
abounding in fire-damp, it has enabled the directors and superintendents to ascertiiin, 
with the utmost precision and expedition, both the presence, the quantity, and correct 
situation of the gas. Instead of creeping inch by inch witii a candle, as is usual, along 
the galleries of a mine suspected to contain fire-damp, in order to ascertain its pre- 
sence, we walk firmly on with the safety-lamp, and, with the utmost confidence, 
prove the actual state of the mine. By observing attentively the several appearances 
upon the flame of the lamp, in an examination of this kind, the cause of accidents 
which happened to the most experienced and cautious miners is eomplelely deve- 
loped; and this has hitherto been in a great measure matter of mere conjecture.' 

The two first safety-lamps used in a colliery are preserved in the Museum of 
Practical Geology. 

The action of the wire-gauze lias been supposed to depend upon a cooling-process; 
but many experiments cried by the Editor of the present work tends to convince liim 
that the cooling hypothesis will not explain the phenomenon. He conceives the 
impermeability of wire-gauze to flame to bo due to ii repulsive power establi.shed 
between the hot metal and the ignited gas, similar in character, although differing in 
condition, to that which prevails between water and a white-hot metal. 

George Stephenson, pi-oceeding not impro}>al>ly upon the data furnished by Mr. 
Tennant, with that peetdiar aptitude in mechanical design w’hich ever characterised 
that remarkable man, at once, and without any knowledge of the researches of tlie 
chemist, devised a lamp by w'hich air was admitted to the flame through ‘ apertures 
of wire-gauze.’ This lamp is said by Mr. Brandling to have been tried in ‘ the 
Killingworth pits on Saturday, October 21, 1815.’ The result, however, of a very 
careful examination of the question as bitween George Stephenson and Humphry 
Davy by a meeting of coal -owners, was, on October 11, 1816, a decision th?it 
the merits of discovering a real safety-lamp belonged to Davy ; and on September 
18, 1817, a service of plate was presented by the coal-owners at Newcastle, ‘as 
a testimony of their gratitude for the services you have rendered to thorn and to 
humanity.’ 

Numerous modifications of the Da^^r safety-lamp have been from time to time 
introduced. A few of the more important must be named : — 

George gtephenson modified his original plan. His modified lamp consisted of 
a wire-gauze cylinder about inches diameter, and about 6 inches higli, with a 
glass shield inside. The air for combustion was admitted through a series of per- 
forations in the bottom, and a metal chimney, full of small boles, is fixed inside on 
the top of the glass-cylinder. The ‘ Geordie,’ as the Stephenson lamp is familiarly 
called, has been much used in fiery collieries. 

Mr. Smith, of Newcastle, improved this by covering all the perforations in the 
metal with wire-gause. 

Newman, to meet the objection that strong currents of air, or of gas, could be 
forced through the gauze, made h lamp with a double wire-gauze, commencing from 
nearly the top of the flame of the lamp, leaving the lower portion with one gauze 
only; there was no obstraetion to the light, and it has not been found possible to 
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light a gas-flame by the Newman double gauze-lamp, whereas this may be done by 
suddenly driving the flame through the single gauze of the Davy. 

Upton and Koberts' lamp, jig, 1742. This consists of a wire-gauze cylinder 
6^ inches long and U inch in diameter, which is attached to the cylinder in the 
usual manner. The lower half is protected by a thick glass-cylinder, and the 
remaining portion by one of copper, screwed to the upper ring of the frame. The air 
for combustion passes through a range of small openings in the upper part of the 
cistern into a space protected by a double shield of closely-comprossed wiro-gauze. 
A cone of sheet metal stands above this shield and conducts the air directly upon the 
wick. 

Martin’s lamp was, in many respects, similar to Upton and Roberts’s, but so 
constructed that the flame was extinguished as soon as an explosive mixture was 
within the glass-cylinder. 

Dumesnil sought to increase the quantity of light, at the same time as lie 
protected the flame against any rapid current. The glass shield surrounding the 




flame is of carefully-annealed glass, and is protected fi*om nit^chanical injury b^ curved 
metal bars ; a chimney of sheet metal being above the glass, and all the air being 
compelled to pass through apertures rendered safe by the use of wire-gauze. 

pr. Clanny, already named, introduced a new lamp, with an impervious metal- 
shield, having glass and lenses in its sides, only open at the highest part of the gauze- 
cylinder for about TJ inch. Thus there is no admission of air to the lamp, or of the 
products of combustion from the lamp, except over the top of the shield. This in 
many respects resembles Mueseler’s lamp, to be next described. 

Mueseler’s lamp is shown in section, /y. 1743. The cistern, opening for the wick, 
&c., are precisely the same as we find them in the Davy. A glass-shield occupies 
about two-fifths of the entire height, the lower edge resting in an annular recess on 
the upper surface of the cistern. A conical tube of metal carries off the products of 
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combustion. Upon the bars which protect the glass rests the gauze-cylinder above it, 
Vl^en this lamp is first brought into an explosive mixture the flame is first lengthened, 
and then extinguished. It unfortunately happens that by turning the lamp on one 
side the flame is often put out, and in the mines of Liege boys are employed to relight 
the extinguished lamps. It is, however, stated that not less than 12,000 of these 
lamps are in daily use in Belgium. 

Combers and Boty*s are modifications of the preceding. 

Parish’s lamp, one by Dr. ?^"yfe, and some others by Mr. Hewitson and by Mr. 
Biram, involve the use of mica, in the place of glass. 

Eloin’s lamp consists of a cylinder fixed upon the upper surface of the cistern 
and the glass-shield, which is pierced with several holes covered with wire-gauze, 
through which the air enters. As in Upton and Boberts’s lamp, a cone assists the com- 
bustion. A copper chimney is connect^ with the base, pierced in the upper end witli 
small holes, through which the products of combustion escape. The light is improved 
by means of a reflector, which slides upon the bars, by which the glass is protect ed. 

Dr. Glover, Mr. Cail, and Mr. T. Y. Hall have introduced lamps which are so 
similar to those already named that they need not bo described. 

Mackworth’s safety lamp was contrived by one of the Government Inspectors 
of Coal-mines, to meet the objections raised in resisting the general introduction of the 
Davy lamp into fire-damp mines. As the lamp is not used, it need not bo described. 

Some other lamps have been brought forward, the chief purpose being to prevent 
their being opened by the miner. Mr. W. P. Struve, of Swaiist^n, constructed an In- 
genious safety lamp. The sketch,/^. 1744, will convey a better notion of it than any 



writtau description ; and it is only necessary to add, that altliough the diameter of 
the gau*e-<ylinder at its base is considerably more than tiiat of llie Davy, yet owing 
to the oil-box being placed within the gauze-cylinder, instead of below it. and thus 
oocup^ng a considerable portion of the internal space, tlui cubical contents of the 
cylinder do not exceed that of an ordinary Da-s^^. The greater amount of cooling 
surface near the flame, and the less-obstructed admission of air thus obtained, rondi-rs 
it practicable and perfectly safe to use a larger wick than in the Davy, whilst the 
combustion of the oil is much more perfect, and the smoke very considerably diminished. 
The light emitted from this lamp has been carefully ascertained to be equal to tliat 
from three Davys ; and, owing to the conical form of the cylinder, and the shape of 
the oil-box, it difllises the light both upwards and downward.s, as well as in every 
other direction, with less shadow than any other lamp that has been offered to t}»e 
miner. From the more perfect combustion, the consumption of oil in this lamp but 
slightly exceeds that of the Davy, while its simplicity of construction gives groat 
fticilities for keeping it in order and for repairs. It barely weighs 1^ lb. 
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Mr. 11. D. Plimsoll has introdncod a lamp which ho calls the Coal-Miners’ Double 
Safcity Lamp. It is a combination of tho Davy and the Clanny, having a double 
gaiizG and a glass. 

■^'ates s Minors’ safety lamp will be understood from the annexed figure (1745). B 
is tho body of tlKi lamp, comprising tho oil -reservoir, the fixed wick-tube, and tho 
moveable wick-lioldor, shown by the dotted lines at e. This is screwed on to the 
upper part., comprising the wiro-g.'iuze chimney, tho Ions c, and tho metal-reflector d. 
The arrangements for securing this lamp are very ingenious. 

Several arrangements have from time to time been introduced, to prevent tho 
minors from opening the lamps. Mr. Didder inserts a magnetic bar, which is turned 
into stfiples, by tho use of a powerful magnet, and tho lamp cannot bo opened until it 
is again brought to the magnet, and tho poles reversed. 

The ‘ Rowo ’ Safety Lamp {Jig. 1746) is a modification of tho ‘Relumo’ signal lamp, 
and by the same author, Mr. J. G. Kowe of Aylesbury ; its object is to prevent minors 
opening their safety lamps while alight. 

In tho larger tube A (Jig. 174G) is placed a metal bar composed of brass and steel, 
having a locking stud on one side. When the lamp is lighted tho heat causes the bar 
to expand differentially, and thereby bends in the form of a bow, so that tho locking 
stud is forced out through tho screw-threads which connect the top and bottom 
part of tlio lamp. 

The chamber, n, is to retain the heat, and thus prevent minors cooling tho locking 
bar by moans of a wet handkerchief, and the small ring c is inserted to stiffen tho 
fi’amo and keep tho tube containing the locking bar quite rigid. Where glass- cylinders 
are used, the looking bar is phiced inside them, and not in a tube. 

In practice various forms are adopted, but the principle remains the same, and may 
shortly bo doscril)od as a safety lamp locked by, heat without a key; to open them tho 
light must bo extinguished, when all danger is at .an end, and the metal frame allowed 
to got cold. 

SAFETT POWBES. See Explosive Agents. 

SAFFEOWER. This dyo-stuff has been fully described. See Carthamus. 

Wo im-ported of safflower in 1873 : — 



cwts. 

value 

From Egypt 

, 335 

£ 3,846 

British India . • • » • 

. 9,495 

67,924 

Other countries • • • • 

. 246 

1,575 

Total . • • • 

. 10,076 

£63,345 


SAFFEOWEB BTEIRG. See Calico-Printing. 

SAFFBAlVZXrE. This interesting dye has been lately investigated by Hofmann 
and Geygcr. Tlio sampl(! upon wdiich they operat(xl was obtained from tho establisli- 
nieiit of Tillman, at Creftdd. It is sometimes sold as a solid paste, and sometimes jis 
a. yellowish-red powder, containing tho chloride of a colourable base in addition to 
carbonate of lime and chloride of calcium. The true colour is extracted by boiling 
the paste and filtering the solution when hot. On cooling it deposits a crvstallino 
niatler Mliicli, after rcp(!ated ri‘-erystallisation, leaA'es no fixed residue. With eaeh 
solution it becomes less perfectly crystalliim and loses chlorine. The addition of 
hydrochloric acid restores tlu; form, and is necessary to obtain normal salts. Tho 
chloride of saffi’a nine is soluble in water and alcohol, especially when hot, but insoluble 
in ether and in saline solutions. Tho solutions are of a deep orange, and strongly 
lluoresccnt. Its composition was found to be: Carbon 68‘82, hydrogen 6'Oi), nitrogen 
1 5*34, chlorine 10*23. Sattrauino cannot ho obtained as a free base by precipitation 
with alkalis, as it is re-dissolved on diluting with -waiter. It is best prepared by 
treating its cliloridu with the. oxide of silver: it is thus obtained .as an orange liquid, 
giving on con cent rati on rcddish-browii crystiils. When dried at 212° they have a 
green metallic lustre. They dissolve in water and .alcohol, but not in ether. On 
abiding strong liY<lrochloric or sulphuric acid to the solutions of its salts, the red-brown 
colour of tile liquid changes to a lino violet, -which on adding more .acid changes to a 
deep blue, llioii to a deep green, and lastly to a light green. Anilines of a high 
boiling-point are best ada}»tcd fur its preparation. It may bo obtained by tre.ating 
them with a mixture of nitrons .and arsenic .acids, but the yield is small. The best 
results were obtained by tho authors with chromic acid acting upon a liquid toluidine 
at 198°. 

SAFFROK. {Safran, Fr. and Ger.) The leaves of tho saffron crocus. Hay 
aajfron is the only kind now found in the shops saffron rarely containing 

any of that flower. Hay saffron consists of the stigmas with part of the style of 
tho flowers, which have been very carefully daed. Spanish saffron is the best which 

voL. m. SB 
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is imported. It is stated that 4,320 flowers arc required to produce an ounce of safiron. 
True cake saffron, no longer to be found, was a filamentous cake, composed of the 
stigmas of the flowers of the Crocus sativus. It is now, however, generally the leaves 
of the safflower {Carthamm tinctorhis). True saffron contains a yellow matter, called 
polychrtntef because of its being susceptible of numerous changes of colour. This is 
obtained by evaporating the watery infusion of saffron to the consistence of an extract, 
digesting the extract "with alcohol, and concentrating the alcoholic solution. The 
polychroi’te remains in the form of a brilliant mass, of a scarlet red colour, transparent, 
and of the consistence of honey. It lias no smell, with the bitter pungent taste of 
saffron. It is slightly soluble in water ; and if it he store-dried it deliquesces speedily 
in the air. According to M. Henry pcrc, polyeliroitecon.sists of 80 parts of colouring- 
matter, combined with 20 parts of a volatile oil, which cannot be separated by 
distillation till the colouring-matter has bet n combined with an alkali. Light blanches 
the reddish-yellow of saffron, even when it is conlainocl in a full phial well corked. 
Polychroitc, when combined with fiit oils, and subjected to dry distillation, affords 
ammonia, which shows that nitrogen is one of its constituent s. Sulphuric acid colours 
the solution of polycliroite indigo-blue with a lilac cast : nitric acid turns it green, of 
various shades, according to the sbite of dilution. Protochlorido (muriate) of tin 
produces a reddish precipitate. 

Saffron is employed in cookery. It i.s also used to colour confet-lionory arlieles, 
liqueurs, varnishes, and especially cakes in the we.st of England, ft was formerly 
used to such an extent in Cornwall, that that one county consumed more saffron 
than all the rest of England, 

SAOAPXXnms. A gum-rosin derived from an nmbelliftTons plant supposed to 
be a native of Persia. It is occasionally used instead of gum galbcnum. Sec Dr. 
Pereira’s ‘ Elements of Materia Mcdica,’ 

SAIiOJBR. A clay case of a cylindrical shape, in which porcelain or cartliciiwaro 
goods are placed in the kiln to protect them from tbo immediate eoiitact of the flame 
and smoke. See Pottery. 

8ACMI {Saff07(, Tr.; Sdoo. Ger.) is a species of starch extracted from the jilih of 
the sago-palm, a tree wliich grows to tln^ height of oO feet in tlie Moluccas and tlie 
PhilippiiH'S. Tlie tree is cut down, cleft b uglliways, ami (!e]iriv'>d (»f its ]'it.Ii, whieli 
being washed with water i;}»ou a siev*-, tliastaruiiy mat ter, comes out, and soon forms 
a deposit. This is dried to the gon.-^isteneu of ilough, pre.ssed through a metal sieve to 
corn it (which is called pearlingX and then dried, over Uu* fire wit b agitation in a sliallww 
copper pan. Sago is sometimes imported in the pulverulent state, in Avhich it can 
be distinguisbed from arrowroot onJy by microscopic examination of its particles. 
These are uniform and spherical, not unequal and ovoid, like those of arrowroot. 
In this state it is known as sago-meal. A factitious sago is prepared in Franco and 


Germany with potato -starch. 

Of sago and sago-flower we imforied in 1S73 : — 

cv'tfl. valne 

From Borneo ...... 10,i;j7 £ 8,892 

Straits Settlements .... 270,708 221,798 

Other countries 8,270 0,307 


Total .... 298,179 £237,057 


SASli CXiOTB. A hemp fabric, manufactured largely at Lundeo. 

MAXarr XaWATZirS'S BBABS. The seeds of a climbing plant, native of tho 
Philippine Islands, supposed to bo a species of StrgcJmos. ’J'liese bi:an.s are. somolimes 
used instead of Nux vomica. See I>r. Pereira’s ‘ Elements of Materia Modica.’ 

8AB ABBATITS. A mixture of carbonate of soda and salt is so called in tho 
United States. It is employed in making pastry and bread, mixed with a little cream 
of tartar or tartaric iicid. 

8A&-A1IMOVXAC. See Ammonium, Chloride of. 

SABAKSTOBB. A variety of corundum. See Sapphire. 

BAAAVCI’AH’A. See Alojb and Sw'ALLow', Esc ulent. 

BAX4nfXBOBr« Crude sulphato of potash obUiincd in the manufacture of nitric 

acid. 

BAB BP , or SABOITP, is the name of the dried tnhcrons roots of the Orc/^'is, im- 
portod from Persia and Asia Minor, which are the product of a great many species 
of the plant, but esp^ially of tho Orchis mascula. Salej) occurs in commerce in small 
oval grains, of a whitish-yellow colour, at times semi-transparent, of a horny aspect, 
very hard, with a faint, peculiar smell, and a taste like tlmt of gum-tragacanth, but 
slightly saline. These are^ composed almost entirely of starchy matter, well adapted 
for making a thick pap with water or milk, and are hence in great repute in the 
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Levant, as rostorors of the animal forces. Semolina is sometimes sold under this 
name, 

SAXiZCrBSTB is a substance which may bo obtained in white pearly crystals from 
the bark of the wliite ^villow (Salix alha), of the aspen tree {Saeix helix), as also of 
some other willows. It has a very bitter taste. It has been employed for tho 
purpose of adulterating the sulphate of quinine. Its composition is C-'’’II“*0*^ 
(C*^H*®0’), quinine being The presence of nitrogen in tho latter renders 

tho salieiiio essentially different in its chemical as in its medicinal relations. It is 
said to bo almost a specific against sea-sickness. 

SA3b UKARZZTB is common salt (chloride of sodium). Sec Salt, Sea. 

SAB Sf ARTZS is protosulphate of iron. 

BAB BCZRABZBZt is sulphate of soda. 

SAB VRTJUrBBBA is fused nitre cast into cakes or balls. 

SAB VOBATZBB is carbonate of ammonia. 

SABT, EPSOIM;, is sulphate of magne^sia. 

SABT, FVSZBBE, is phosphate of ammonia. 

SABT, GBAVBER*S, is sulphate of soda. 

SABT, GBAZZER’S, is sulj)hate of ]>otash. 

SABT, BZZCROCOSMZC, is tho triple phospliate of soda and ammonia. 

SABT OF AMBER is succinic, acid. 

SABT OF BEMERT is sulphate of i^otash. 

SABT OF BEMOirS is citric acid and binoxalato of potash. 

SABT OF SATXTRZr is acetate of lead. 

SABT OF SODA is carbonate of soda. 

SABT OF SORREB is binoxalato of potash. 

SABT OF TARTAR is carbonate of potash. 

SABT OF TZir is protoelilorido of tin. 

SABT OF VZTRZOB is sulphate of zinc. 

SABT PERBATE is phosphate of soda. 

SABTPETRE is nitre, or nitrate of popish, wliich see. 

SABT, ROCK, SEA, or CUBZXTART. {Chlomre de sodhnn : HydrocUorate 
dc soude, Fr, ; Sah, Cldornatrium, Gor.) These terms are used to designate different 
forms of a substance which i,s composed,. chemically speaking, of single equivalents 
of sodium and chlorine, or of 39‘4 parts of siKlium and f»0-6 of chlorine in 100 
parts Vjy weight : it is known chemically a.s chloride of sodium and formerly as muriate 
of soda. 

Chloride of sodium generally occurs crystallised in the cube, and occasionally in 
other forms belonging to the regular system ; among these varieties, the octahedron, 
the cubo-octahedroii, and the dodecahedron, have been observed ; but there is another 
which at first sight appejirs singular, and deserves notice on account of its frequent 
occurrence. It is called tho funnel- or hopper-shaped crystal, and is a hollow, 
rectangular pyramid, forming on the surface of a saline solution in the course. (»f its 
evaporation : it appears to commence with tho formation of a small floating cube, 
to the edges of the upper face of w’hich lines of other little culies attach theinsidves 
by the edges of their lower faces. l>y a repetition of this proceeding, tho sides of a 
liollow pyramid are formed, the apex of wdiich, the single cubical crystal, is down- 
w*ard : tho crystal sinks by degrees as tho aggregation goes ou above, until a pyramidal 
boat of consideral)le size is constructed. 

The crystils of chloride of sodium are anhydrou.s but generally contain a little 
W'ater entangled in their interstices, the expansion of wdiich causes them to decrepitate 
W'hcn heated. This salt is fusible at a red heat, and at a w’hito heat volatilises. Its 
crystals are wdiite, frequently perfectly transparent, of a specific gravity of 2*13, and 
a hardness of 2’o. A remarkable feature in this salt is, that its solubility in waiter 
increases but slightly as the temperature of tho latter is raised, for, according to tho 
experiments of M. Gay-Liissac, 100 parts of water dissolve 

35*81 parts of tho salt, at a temperature of 57*0° Fahr. 

35*88 „ „ C2*5° „ 

37*14 „ „ 140 0° „ 

40*38 „ „ 229*5° „ 

This must bo understood to apply only to the pure substance, for tho presence of other 
salts frequently increasi s its solubility. 

Chloride of sodium, when perfectly colourless and transparent, is perfectly dia- 
thermauous, t.c., it allow's tho rays of heat to pass through its substanco almost 
without perceptible interception. It stands first amongst solid bodies in this respect, 
all others absorbing a very considerable portion of the heat which passes through 
them, and some almost the whole 


Ss2 
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Of 100 rays of heat 

Clear rock-salt tranamits . 

92 

It 

Muddy ditto „ 

. . 66 

ft 

Plate glass „ 

. . 24 


Clear ice „ 

. . 0 


The Bounse of heat in these experiments was red-hot platinum. 

Chloride of sodium occurs in nature chiefly in two forms, either as rock-salt, form- 
ing extensive deposits, or disseminated in minute quantity through the mass of the 
strata which form the earth’s crust. Water penetrating the layers of rock-salt, and 
exerting there a solvent action, gives rise to the brine springs which are found in 
various countries; whilst streams and rivers dissolring the same siihstance out of the 
strata through which they flow, carry it down to the sea, where it constitutes the 
principal saline ingredient in the waters of the ocean. 

l&vou in mass, as rock-salt (Sel prm?7ic, h'r. ; SteinsaJe. Ger.), this substance 
possesses a crystalline structure derived from the cube, which is its primitive form. 
It has generally a foliated texture, and a distinct cleavage, but it has also sometimes 
a fibrous structure. Its lustre is vitreous, and its streak white. It is not so brittle 
as nitre; its hardness =2‘/), which is nearly that of alum; a little liarder than 
gypsum, but softer than calcareons spar. Its specific gravity varies betw(-‘Oii 2’1 and 
2*257. It is white, occasional!}* colourless, and perfectly transparent, but usually of 
a yellow or red, and more rarely of a blue or purple tinge. A few nnal^'ses will show 
the general purity of this substiincc. 
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The principal impurities occurring in rock -.‘ia It are suljihate of liiiKi, oxide of iron 
and clay, but the chlorides of )»ot:iS.sium, calciiiin. and niagm^siuni llie sulphnte.'^ of 
soda and magnesia, and bituminous matters, are soiiKitinios found jn it ; and ctccasion- 
iilly shells, and insect and infusorial remains, ex i.st enclosed in tin; mass. To tlie 
presence of infusoria, indeed, is attributed tin- red or green colour with wliieh some 
varieties are tinted, which, upon analysis, are found to l>e absolutely pure chloride of 
sodium, as in the case of the second .specinurii quoted in tla^ aliove t;il»le, (’arburetted 
li 3 ’drogen gas in a state of strong compression is met with in some varieties, and 
these when dissolved in water emit u peculiar crackling sound, cau.sod by Iho 
expansion and escape of the confined gas. 

The geological position of rock-salt is very variable ; it is found in all sedimentary 
formations, from the palaeozoic to the tertiary, and is generally interstratifiod with 
gypsum, and associated with beds of clay. AVhen tlie latter is present in largo 
quantity, the term ‘saliferous clay’ is applied to tbo deposit. The great Jlritish 
deposits of salt in Chesiiire and Worcestershire are found in the New* Jto'l Sandstone. 
At Xorthwich, in the A'aleof the Weaver, the nxik-salt ctmsi.sts of tua; beds, wliieh arc 
not less than 100 feet thick, and are supposed to constitute large insulated masses, 
about a mile and a half long, and nearly 1,300 jairds broad. I’here are oilier deposits 
of rock'-salt in the same valley, but of inferior importance. The uppermost bed occurs 
at 76 feet beneath the surface, and is covered with many layers of indurated red, blue, 
and brown clay, interstratifiod more or less with g^’psuim and inters}ters(; I wiili argil- 
laceous marl. The second bed of rock-salt lies at 31. feet iiclow tlie first, lioing sepa- 
rated from it by layers of indurated clay, wdth veins of rock-salt running between them. 
The lowest bed of salt was excavated to a depth of 1 10 fuet. seve ral years ago. Many 
of the German deposits of rock-salt occur in iheir liimier Siindstem, wliieh is the re- 
presentative of part of our New Red Sandstone, and is so called because its colours vary 
from red to salmon and chocolate. In the Austrian Alps salt is foiuid in oolitic lime- 
stone ; at Cnrdoqna, in Spain, in the greensand ; and the famous mines of Wieliczka, in 
Galicia (ezcavatkl at a depUi of 860 foot, in a layer 600 miles long, 20 broad, and 
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1 ,200 feet deep), it occurs in tertiary strata. But in addition to these concealed deposits, 
this substance presents itself in vast masses upon many parts of the earth’s surface : 
in the high lands of Asia and Africa are often extensive wastes, the soil of which is 
covered and impregnated with salt, -which has never boon enclosed by superimposed 
dejwsits; near Lake Oroomiah, in the N.W. of Persia, it forms hills and extended 
plains ; it abounds in tho neighbourhood of the Caspian Sea, and penetrates the entire 
soil of tho steppes of the south of Russia. 

The bods of rock-salt are sometimes so thick, as at Witdiezka and North-wich, that 
they have not yet be(ai sunk through, although mined for many centuries ; but in 
ordinary cases tho thickness of tho layers varies from an inch or two to ton or fifteen 
yards. When tho strabi are thin, they are usually numerous, and throughout a 
certain extent parallel ; but when explored at several points such enlargements and 
diminutions nre observed, as to destroy this appearance of parallelism. 

It has been remarked that tho plants which generally grow on tho sea-shore, such 
as the Triglochin maritimum^ tho Salicornia, the JSahola Kali, the Aster trifolium, or 
‘fiirewell-to-summer,’ the Glaux maritima, &c., occur also in tho neighbourhood of salt- 
mines and salt springs, even of those which are most deeply buried beneath tho surface. 
It is also generally found that the interior of .salt-mines is extremely dry, so tlnit the 
dust produced in tho workings becomes an annoyance to the miners, though in other 
respects tho excavations are not insalubrious. 

Much discussion has been raised concerning the origin of these rock-salt deposits ; 
some asserting that they were the result of igneous agency, and others that they have 
been in every case deposited from solution in water. The great argument in favoTir of 
tho former view appears to rest upon tho fact, thatchloriile of sixlium and Hydrochloric 
acid ga,s are among tho substances erupted by volcanoes ; whilst, on the other hand, it 
is urged that the specimens of erupted chloride of sodium which have been analysed 
always diffi-r much from rock-salt, since they contain a largo amount of chloride of 
potassium ; and in addition to this, the frecjuent occurroiico of bodies such as bitumen 
and organic remains, and of cavities containing liquids, and in some cases gases, in 
almost all varieties of rock-salt, are held to furnish indispiitalde proof of the deposi- 
tion of this substjinco from its aqueous solution. Tho occurrence of sandstone p.seu- 
domorphs in tin? cubical form of rock-.salt, also favours this opinion ; and so also does 
the general character of these deposits ; they arc usually lenticular, or irregularly- 
shaped beds, having a great horizontal extension, t'lnd but rarely occur in the form 
of dykes, or masses filling vertical fissures, which is the usual form assumed by a 
molten mass projected upwards from the interior of the earth. Tho methwl of its 
formation was, according to those who hold tho aqueous theory, somewhat as follows; — 
A sea, such as tho Mediterranean, is, by an elevation of tho hind At Gibraltar, cut off 
from communication with the ocean ; the rate of evaporation from its surface is 
greater than tho supply of water by rain ami rivers, con.sequeutly the amount of siilts 
which it holds di.ssolvcd, increases; now chloride of sodium is the principal saline 
constituent of sea-water, and Bischofs experiments have shown that when a solution 
of this salt is allowed to bo at rest, the particles of salt sink, so that the lower 
layers soon become more s.-itiiratcd than tho upper ; concentration is then supposed to 
go on until at the undisturbed bottom of this inland sea a saturated solution of chloride 
of sodium cxi.sts, from which masses of rock-salt are slowly deposited. Its great 
purity is accounted for by the fiict, that the other .salts existing in sea-water are either 
far less or far more solulde than chloride of siKlium ; thus the carbonate and sulphate 
of lime would be almost -svholly precipitated before tho solution became sufficiently 
concentrated to deposit rock-salt, whilst r>t that degree of concentration tho sulphate 
and chloride of magnesium would still remain for the most part in solution. 

The principal European mines of rock-salt are those of Wieliczka in Galicia, 
excavated at a depth of 860 feet below the soil ; at Hall in the Tyrol, and along the 
mountain range through Aussee, in Styria, Ebensee, Ischl, and Ilallstodt, in Upper 
Austria ; Hallein in Salzburg, 3,600 feet above the sea level, and Reichenthal in 
Bavaria; in Hungary, at Marmoros; in Transylvania and Wallachia ; at Vic and 
Dieuze in France ; at Bex, in Switzerland ; in the Valley of Cardonna, and elsewhere, 
in Spain ; and in tho region around Noithwich, in Cheshire, in our own country. 
Some of these deposits, as at Wieliczka and Northw ich, are almost pure chloride of 
sodium ; others, again, as many of tho Austrian beds, are only saliferous clay ; whilst 
others, as at Arbonne in Savo5% elevated 7,2i)0 feet above the level of the sea, and in 
the region of perpetual snow, are masses of saccharoid gypsuin and anhydrite, which 
are imbu(^d with chloride of sodium, and which become quite light and porous when 
the salt has boon removed by -wjiter. 

Of late years valuable saline deposits have been discovered and are actively worked 
in the neighbourhood of Stassfurt, in Prussian Saxony, and in the adjoining duchy of 
Anhalt. The rock-salt which occurs at a considerable depth from tho surface, is hm 
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overlain by a great thickness of mixed salts, rich in compounds of potash and mag- 
nesia. (See Abbaum Salts ; Potash.) It is notable tlint the order in TFhieh these 
various salts are superposed upon each other is precisely the order of their relative 
solubility, and hence the conclusion that the whole deposits represent the salts loft by 
evaporation of the waters of a groat salt-lake. 

The natural transition from the consideration of these strata of rock-salt is to those 
brine springs which generally accompany them, and which have frequently first 
called attention to the deposits below. It has been noticed that salt springs issue, in 
general, from the upper j^rtion of the saliferous strata ; cases, however, occur in 
which the brines are not accompanied by rock-.<;a]l, and in which, therefore, their 
wliole saline contents must bo derived from tlie ordinary constituents of tlio stratfi. 
Thus, in England, besides tlio strong brines of the Now Ked Sandstone, we liave salt 
springs is.suing from the carboniferous rocks. The purest and mo.st saturated brines 
are, however, found to be those which can bo traced to rock-salt bods, and in the 
foremost rank of these stand the Englisli springs of the Nortliwieh, Middlewich, and 
Sandbach districts in Cheshire; of Droitwich and Stoke in Worcestershire; and of 
Weston and Sliirleywich in Staflordshire ; and the continental brines of Wiirtemberg 
and Prussian Saxon}'. The following is tlic compo.sition of these saturated brines 


SttHd contenis in parts of hrinc. 




England 

1 


i 







rnissian 





i. urieiauiag 

Saxony j 


Cheshire 
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Stoke ’ Friedricli.shall 

Hall 
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Chloride of sodium , 
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,, 
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2.7 •71 7 
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„ potiisi'iuiu . 
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• • i 
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•no 1 

Mill ■ 

•O-.M) 
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trace’ 



Iodide of «>dium . 
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trace 

trace 

.. 

.. i 
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•17J : 


•007 
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bulplmte of potash 
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trace ; 

tract' 

truo<' ■ 

.. 

- 2:11 i 

,. sodii . . 



•;j!K> 


•o:;s 

, . ] 
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1 
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„ lime . . . 1 

Carbonate o£ soda . . l 

MIDI i 
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•;{s7 

•2(>1 '! -4:57 

•171 
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•nr. 

•010,. 
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trace ; 
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i 
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•Olo 
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trace 
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trace 

trace 

trace . . 1 

.. 1 


Alumina • . . . ! 

: bilica ! 

1 

trjice 

trace ; 

trace ! 

trace . . 1 

. 1 

“ ! 
• • _ ! 

.. 

1 j 

1 Solid contents . . ; 

2r>'in:', i 

20101 ' 

2.;-.’;78 

2(i-.‘;:i7 , 2<)’o:i8 | 

J'i‘028 

•2(1 -4 08 


Compared with those may be some weaker and less pure brines, wliich rise from 
other geological formations. The brines in the United {States come for the iiKJst j)ari 
from Silurian sandstones, but those in tlie Alleghany Mounbnns spring from the 
coal; and the weak salt springs of Nauheim and Ifombiirg, wliicli can only be called 
brines because chloride of sodium is their largest constituent, rise froiii paheozoic 
strata. (See Table at top of next page.) 

Those weak salt springs are supposed to have no connection with beds of rock- 
salt, but to obtain their chloride of sodium, in common with the other salts wliich they 
contain, from the strata which they permeate. The singular brines of tin* Alleghany 
Mountains must obviously pass through strata containing little if any soluble siiljdiate, 
otherwise their chloride of barium would be separated as insoluble sulphate of baryta ; 
and all indeed may be regarded as coming more under the head of ordinary mineral 
waters, which happen to contain rather a large quantity of cliloridc of sodium. 

The next source of chloride of sodium which demands notice is found in the inland 
seas, salt lakes, pools, and marshes, which have their several localities obviously 
independent of peculiar geological formations. They appear to owe their origin to 
two causes, being due, first, to the formation of lakes upon, and the passage of rivers 
through, some of the snrfiice deposits of salts already alluded to ; and, secondly, by the 
cutting off of a portion of Uio ocean by the elevation of the land, and the consequent 
formation of an inland lake. To the former cause arc probably due the existence ot 
the Lake Oroomiah in the N.W. of IkTsia, tlio numerous bi'ino )>ools of .Southern 
H niwi i a, and the Great Salt Lake of N. America. The lake Oroomiah is b2 miles 
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Solid contents in parts of brine. 



America 

Hesse 


New York. 
Salina. 

Allnphtiny 

Mountains 

Nauheim 

Hombnrg. 

Kaiserquclle 

Chloride of sodium 

13'239 

3*200 

2-7302 

1-6000 

„ potassium . 



... 

•0027 

„ l)i>riiim 


•038 

... 

... 

„ calcium 

•083 

•5G8 

... 


1 ,, magnesium 

Bromide of potassium . 

•016 

•293 

•2655 

•1300 

... 

trace 



„ magnesium 


... 

•0097 


Sulphate of lime . 

•569 

... 

•0047 

•0018 

Carbonate of lirno 

•014 

... 

•1277 

•1024 

,, iron. 

•002 

... 

•0015 

•0096 

Silicate of soda , 

... 

... 

•0006 

•0031 

Solid contents 

13-953 

j 4099 

3*1399 

1-8496 


long l)y 21 wido, and elevated 4,000 feet above the level of the sea ; it is surrounded, 
especially on the east and north, by some of the most remarkable surface-deposits of 
roc‘k-salt in the Avorld, and through those salt streams are continually flowing into the 
lake. The Itussian brine pools are situated in the salt-impregnated steppe between 
the j'ivers Ural and Wolga, and doubtless derive their saline constituents from thence. 
'[I’he Great Salt Jjako is a saturated solution of almost pure chloride of sodium, but 
whence the salt is derived appears at present to bo but a matter of conjecture. To 
the second cause the origin of the Dead Sea is frequently attributed ; its surface is 
about IjlJOO feet below that of the Mediterranean, and it is thought to have lost a 
column of water of that height by evaporation. The Crimean lakes also have pro- 
bably originated thus. 

Dischof has shown that in proportion as chloride of magnesium increases in a 
solution, it renders chloride of sodium and sulphate of lime more and more insoluble; 
Ik; is therefore of opinion that at the bottom of the Dead Sea, and similar lakes, an 
impure rock-salt deposit, iuterstratifled also -with mud, is forming, similar to the 
saliferous clays or chiyoy marls which are frequently met with on the Continent. 

Culinary salt is prepared from each of the four sources above mentioned. It l)Ut 
rarely ha])peMs that rock-salt is sufficitntly pure for immediate use, and when 
cmjdoyed, as in some places on the Continent, and formerly in Cheshire, it is dissolved 
in w'ater, the insoluble imjmrities allowed to subside, and the solution treated as a 
concentrated brine. Urom its otlier sources, salt is obtained by evaponxtion, and this 
is eftwted in two ways; 1. Entirely by the application of artilicial heat; 2. By 
natural evaporation preceding the application of artifleial heat. 

The first metiiod is employed invariably in this country, and also on the Continent 
when the brines cont ain more than 16 or 20 per cent, of chloride of sodium, the cost 
of fuel at different, places of course regulating the application of this method. The 
manufacture of salt at Droitwich in Worcestershire, is said to have existed in the 
time of the Konians, and in Cheshire, the ‘ Wiclies ’ (Nantwicli, &c.) W'ero very pro- 
ductive in the reign of Edward the C(mfessor. Some time elapsed l)efore the method 
of evaporation "vvas devised, and the original mode of olitaining the salt tvas by pouring 
the brine upon the burning branches of oak and hazi l, from the ashes of which the 
deposited salt was afterwards collected. The [>rocess of evaporation was first conducted 
in small leaden vessels, w'hich were afterwards exchanged for iron ones, having a sur- 
face of about a square yanl and a depth of six inches ; the size of these pans increased 
but slowly, for only a century since the largest pans at Northwich were but 20 feet 
long by 10 brond. The pans now in use in Cheshire, Worcestershire, and Staffordshire 
have a length of 60 or 70 feet, with a width of from 20 to 26, and a depth of about 
18 inches ; they are made of stout iron plates riveted together, are supported on 
brickwork, and have from one to three furnaces placed at one end, the flues of which 
are in imiii(;tliate. contact with the bottom of the pan. The brine is generally raised 
by steam-power, and its supply appears inexhaustible. The shafts are lined with 
W'oodeii or iron casings tu prevent the admixture of freshwater springs with* the brine ; 
the depth of the borings is in Cheshire usually from 210 to 250 feet, but at Stoke, in 
Worcestorshire, a shaft of 225 feet was constructed, yet no satisfactory supply of brine 
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obtained until a further boring of 348 feet was made. At Broitwicli the borings are 
only to a depth of 175 feet, and so abundant is the supply of brine, that if the pumps 
cease working, it speedily rises to within nine feet of the surface, and if loft unremoved 
Boon overflows. The freedom of the brine from dilution l^y freshwater springs is from 
time to time tested by the hydrometer. From tlie pumps the brine is directly conveyed 
by means of pipes to reservoirs, from which, as the evaporation proceeds, it is admittcid 
into the pans. As the water is vaporised, tlu^ salt is deposited and falls to the bottom 
of tlie pan ; it is then drawm to the sides by the workmen, until a heap is accumulated, 
and from this portions are ladled out into rectangular wooden boxes willi j>crf<)ratcd 
bottoms, allowed to drain and solidify, removed from the l)Oxes, and placed in the 
drying room ; the salt of coarser grain is simply drained roughly in baskets and 
dried. The grain of the salt, i.c. its occurrence iu larger or smaller crystals, is entirely 
the effect of temperature; the hne-grained or table salt is produced by rapid beating, 
and is formed at that end of the pan next the flroplnco ; the coarse or bay-salt is 
formed by the slow evaporation W’hicli goes on at the other end ; wliilst an int ermediate 
variety, common salt, is produced in the middle. A pan ma^^ sometimes l»e slowly 
evaporated for the express purpose of obtaining bay-salt. 

In the p^roparation of salt various substances have be('n added to the brine, with a 
view of impronng the quality of the product : these have been chiefly bodies containing 
albuminous matters, wdiich, coagulating upon the application of lieat, entangle :ill solid 
impurities and carry them to the surface ; blood, wiiite-of-egg, glue, and calves’ feet 
have thus boon cxtensiv(dy used. There is also another class of substarices employed 
fora different purjx)se. When a concentrated solution of any saline matter is (>va])orated, 
much annoyance is caused by a layer of the solid .salt forming on tlie surface of the 
liquid and impeding evaporation; this is called a ‘pellicle’; to obviate this, and 
to avoid the loss of labour entailed by constant stirring, oils, butter, or resin, have been 
added to the brine. The effect of the latter is said to }>e ]>erfe(‘t]y magical, liie intro- 
duction of a veiy few grains being amply sufficient to clear the largest j)an, and to 
prevent anp’ recurrence of the ‘ setting over/ 

When it is required to prepare salt from the weak l'rin(*s wliich fire of common 
occurrence in France and Germany, the second im^lhod is resorted to, and the 
brine is concentrated by natural evaporation ]ircvious to the ajqdie.ution of artificial 
heat; this concentration was f-rmerly effected by distributing the brine over fl:it 
inclined wooden surfaces, Init it is now brought about by allowing tlic brine to trickle 
in a continuous stream through walls of thorns exposed to the sun and wind. This, 
which is ciilled the method of ffradnatio/K is employed, among other places, fit 
Moutiers iu France, and at Nauheim, I)inTeni»erg, Ihideiiberg. and Schdnebeek, in 
Germany. The weak brine is pumped into an immense cistern on the top of a tower, 
and is thence allowed to flow down the .surfae(' of bundles of lliorns built up iu 
regular walls bctw'een parallel wooden frames. At. iSilzn. near Scii(»jieb(‘ek, the 
graduation-house is 5,817 fe'Ct long, tin; tlioni-walls .are from to ;VJ feet high, iu 
diflfbrent parts, and present a total surface of 25,000 s-juare feet. Under the thorns, 
a great brine cistern, made of strong wooden plaiiks, is jb-ieed to rcci ive the perpetual 
sliower of water. Upon the ridge of the graduation-lionse there is a lr)iig sjtout, 
perforated on each side with numerous hole.«, and furni.‘'hod witli .•spigots or st()])e(n'k.s 
for distributing the brine either over the surface of tlu^ thorns or down through llu ir 
tna&s;*the latter method affording larger evaporation. Tlie graduation -house should 
be built lengthwise in the direction of the j.njvailing wind, with its ends o})eij. An 
experience of many years at Salza and I)lirreiil»erg has shown that iu tin; former 
place graduation can go on 258, and in the latter 2d7 days, on an averagi- in the 
year; the best season being from May till August. At Durrenberg, 8,5fl(),5(»] eubie 
feet of water are evaporated annualfy. According to the weakness of the hrine, it 
must be the more frequently pumped up, find made to flow' dfiwn over tin* thorn.s in 
different compartments of the building, called the 1st, 2nd. end 3rd graduation. 
A deposit of ^rpsum incrusts the twigs, which rijquires them to be renewed at the 
end of a certain time. 1747 and 17*18 represomt the graduation-house of the 

Bait-works at Durrenberg. a, a, a, are low stone pillars for sujiporting tlie brine- 
cistern, 6, called the Soole-schiff. c, c, are the inner, d, d, the outer walls of thorns ; 
the first have perpendicular sides, the last sloping. The spars, e, c, which su])pori the 
Uioms, are longer than the interval between two thorn walls from f to g.fig. 1748, 
whereby they are readily fastened by their tenons and mortises. The spars fire laid 
at a slope of 2 inches in the foot, as shown by the liiH; h, i. The bundles of thorns 
are each 1^ foot thick, from 5 to 7 feet long, and are piled up in the following way; 
— Guide-bars are first placed in the line k, to define the outer surface of the thorn 
wall, the undermost spars m, are fastened upon them, and the thorns are evenly 
spread after the willow-withs of the bundles have been cut. Over tlie top of the 
thorn-valls ara laid, through the whole length of the graduation-house, the brine- 
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spouts 0, Of -which arc secured to the upper beams; and at both sides of these spouts 
are the drop-spouts p, for discharging the brine by the spigots .<?, s, as shown upon 
a larger scale in fig. 1749. The drop-spouts are 6 feet long, have on each side small 


1747 1748 



s o £ y ^ 


notches, 5 inches apart, and arc each supplied b}*- a spigot. The space abov(5 the 
ridge of the graduation-house is covered -with l;n)ards, supported at their ends by 
l)inding-beaius, q. r, r, show the tenons of tlie thorn-spars. Over the vSoolc-schiff h, 
inclined pianos of boards are laid for conducting downwards the innumerable showers. 
The brine, which contains at first 7*602 per cent, of salt, indicates after the first 
sliowcr, 11-473; after the second, 16108; and after the third, 22. The brine thus 
couceiitriited to such a degree as to 1)0 fit for boiliug, is kept in great reservoirs, of 
which the eight at iSul/.a, near .Schdnobeck, liavo a capacity of 2,421,720 cubic feet, 
and are furnished with pipes loading to the shoot-iron salt-pans. The capacity of 
these is very different at different works. At Schdnebcck there are 22, the smallest 
having a square surface of 400 feet, the largest of l,2o0, and arc enclosed within 
.walls, to prevent their being affected by the cold external air. They are covered with 
a funnel -formed or pyramidal trunk of deals, ending in a square chimney to earn.* off 
the steam. 

9410 graduation-range sliould he diAuded lengthwise into several sections : the first, 
to receive the- water of the spring, the lake, or the sea ; the second, the water from 
the first shower-receiver ; the third, the water from the second receiver; and so on. 
9die pumps are usually placed in the middle of tlio building, and lift the brine from 
the several receivers beloAV int.o the alternate elevated ci.sterns. The square wooden 
spouts of distribution may be conveniently furiiislied Avith a slide-board attached to 
each of their sides, to serve as a general Aaih'o for opening or shutting many trickling 
orifices at onc(3. The rate of eAMporation at Moutiers is exhibited by the folloAving 
table 


1 

Kumber of showers 

Total surface of the fagots 

Specific gravity 
of the briuc 

Water 

evaporated 

1 and 2 . . , 

6158 square iVet 

1-010 

1-023 

0-640 

3. i, i), 6, 7, 8, and 0 . 

2720 " . . . . 

1-072 

0-333 

10 ... . 

650 , . . • 

1-140 

i 

0-062 


Total evaporation . 


0-935 

Water remaining in the brine at the density of IT 40 ( 

0-065 

Water assigned at the density of 1*010 . . 

• • 

1-000 


From the above table it appears that no less than 10 falls of the brine have been 
required to bring the water from specific gravity 1*010 to 1*140, or 18® Beaum4, 
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The erapomtSon is found to proceed at nearly the same rate with tlio weaker water, 
and with the stronger, within the above limits. AVJion it arrives at a density of from 
1*140 to 1*16, it is run off into the Bettling-cisteriis. M. Worthier calculates, that upon 
an average in ordinary weather, at Moutiors, 60 kilogrammes of water (3 3 gallons 
imp.) are evaporated from the fagots, in the course of 24 hours, for every square l(x)t 
of their surface. Without the aid of currents of air artificially warmed, such an 
amount of evaporation could not be rockouod upon in this countr3\ In the Schhtf incf^ 
or throwing down of the sediment, a little bullock’s blood previously beaten up with 
some cold brine, promotes the ela dfication. Wlien the brine acquires, by brisk ebulli- 
tion, the densitj* of 1 ‘200, it should bo run off from the preparation to tin; finishing or 
salting-pans. The boilers constnicted at Rosenheim, in Bavaria, evaporate pounds 
of water for every pound of wood biu*nt. 

Figs. 1750, 1751, 1752, represent the construction of a salt-paii, its furnace, and the 
salt store-room of the works at Durronherg: fig. 1752, being the ground-plan, fig. 1751, 
the longitudinal section, and .^<7. 1750, the transverse section, a, is the fire-grate, 
which slopes upwards to the back part, and is 31 i inclics distant from the bottom of 
the pan. The ratio of the surface of the grate to that of the bottom of the pan is as 
1 to 59*5 ; that of the air-liolo into the ash-])it, as 1 to 306. The bed under the pan 
is laid with bricks, smoothly plastered over from b to r, in fig. 1750. Upon this bed 

the pillar f7, rf, &:c., are built in a rndi- 
^750 fitcd direction, being 6 inches broad at 


^1 vtr the bottom, and tapering to inch at 

® ^ to^i. The i)an is so laid that its bottom 

m \ \ f ■ **■ towards the middle of 2J 

^ j j I inches: see e, f, fig. 1751. The lire 

~~ II 7* ;j "-j diffust's itself in all directions under the 

I C); b pan, proceeds thence through several 

<7, /7, /7, into Hues, //,//-, A, wdiich 
v' - ' , .< i. [, I run round three sides of tbo pan; the 

burnt air then passes through fig. 
1762, under other pans, from which it is collected in the cliinineys /^^ k, to bo con- 
ducted into the dr^dng-room. At /, /, there is a transverse Hue, through w*hich by 



means of dampers, the fire-draught may be conducted into an extra chimney, 7n. From 
the flues four square iron pipes, w, w, issue and conduct the burnt air into the 
main chimneys in the opposite wall. 

The bottoms of tbo several flues have a gradual ascent above the level of the fire- 
grate. A special cliiraney, 0, rises above the ash-pit, to carry off the siiu>ko whiidi 
may chance to regurgitate in certain states of the wind, p, y?, are iron pipes laid 
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upon each side of the ash-pit (Beefiffs. 1760 and 1751), into which cold air is admitted 
by tli0 flue r, wliorc, becoming heated, it is conducted through iron pipes, and 
thence escapes at t, into the stove-room. Upon both sides of the hot flues in the stove- 
room, liurdlo-franies, w, u, are laid, each of which contains 11 baskets, and every 
basket, except the iirulormost, holds GO pounds of siilt, spread in a layer 2 inches thick. 
V, V, shows the pipes by wdiich the pan is supplied with graduated brine. 

Descrijytion of the. Strnm-trunk injuj. 1763. — In front of the pan u, o:, there are two 
upriglit i)osts, iipon wliicli, and in holes of the back wall, two horizontal beams, 6, 6, 
are supported. I’ho pillars c, c, are sustained upon the bearers, c?, d. At c, c, a deep 
quadrangular groove is made in the beams, for fixing down the four boards which 
Ibrm the bottom of the steam-w’ay. In this groove any condensed w'ater from the 
steam collects, and is carried off by a pipe/, to prevent it falling back into the pan. 
Upon the three sides of the pan not in contact with the wall, there are three rows of 
boards hinged upon planks, 6, h. Uehind the upper on(‘, ,a hoard is hung on at 
upon wliicli the boiled salt is laid to drain. The tw'o other rows of boards are hooked 
on so as to cover the pan, as showm at h. Whenever the salt is sufficiently drained, 
the upper shelves are placed in a horizontal position ; the salt is put into small 
baskets, and carried into the stove-room, i, yt, is the steam-trunk ; w, is a tuunol 
for carrying off the steam from the middle 

of the pan, when this is uncovered by 1753 

lifting the boards. 

In proportion as the brine becomes 
concentrated by evaporation, more is 
added from the settling-reservoir of the 
graduation-house, till finally small crys- 
tals appear on the surfxce. No more 
weak Ixrine is now added, but the charge 
is worked off, care being taken to remove 
the scum as it appears. In some places 
the first pan is called a schlot-pan, in 
which the concentration is c^arriod only 
so far as to cause the deposition of the 
sludge, from which the same solution 
is run into another pan, and gently 
evaporated to produce the precipitation 
of the fine salt. This salt should bo 
continually raked towards the cooler and 
more elevated sides of the pan, and then 
lifted out w'ith cullender-shovels into 
large conical baskets, arranged in 

wo(xlcu frames round tlio border of the . . . .? - y _ - ^ 

pan, so that the drainage may flow' 

back into the boiling liquor. The drained salt is transferred to the hurdles or 
baskets in tlio stove-room, wliicli ought to be kept at a temperature of from 120® to 
1 30° Fahr. The salt is then stowed away iii the warehouse. 

In summer the saturated boiling brine is cr^'stjilUsed by passing it over verticcal 
ropes ; for wliich purpose 100,000 meters (1 10,000 yards) are mounted in an apartment 
70 meters (77 yards) long. When the salt has formed a crust upon the ropes about 

inches thick, it is broken ofl", allowed to fall upon the clean floor of the apartment, 
and then gathered up. The salting of a charge, which would take five or six days 
in the jian, is completed in this way in seventeen hours, and the salt is remarkably 
pure, but the mother-wnters are more abundant. 

The mother-water contains a largo quantity of chloride of magnesium, along with 
chloride of sodium and sulphate of magnesia. Since the hist tw'o salts mutually de- 
compose each other at a low' temperature, and are transformed into sulphate of 
soda, which crystallises, and chloride of magnesium, which remains dissolved, the 
mothcr-w'ater may with this view bo exposed in tanks to the frost during winter, 
when it affords three successive crj'stalliiie deposits, the last being nearly pure sulphate 
of Doda. 

Tlic chloride of magnesium, or bittern, not only deteriorates the salt very much, 
but occasions a considerable loss of w'eight. It may, however, be most advantage- 
ously removed, and converted into chloride of sodium, by the following simple 
expedient-. — Let quicklime be introduced in equivalent quantity to the chloride of 
magnesium present; double decomposition will tJiko place, resulting in the precipita- 
tion of inagucsia, and the formation of chloride of calcium ; the latter will then react 
upon the sulphate of soila in the mother-water, producing sulphate of lime and chloride 
of sodium, the former of which, being sparingly soluble, is almost entirely separated. 
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In those countriofl, as Portugal and the coasts of the MediteiraDoan, where sea -water 
is used as the source of sail, a peculiar method of natural evaporation is resorted to, 
in what are called ‘.Salt Gardens.’ Ijfirpe shallow basins, the bottom of wliicli is 
very smooth, and is formed of clay, are excavated along the sea-shore ; they consist 
of:— 

Ist. A largo reservoir, of from 2 to G feet in depth, communicating with the sea 
by moans of a channel prf)vided with a sluice, i\dvantage is t.;iken of the high 
tide to fill this basin; and thow'att!r is allowed to remain here for sometime to deposit 
any suspended impurities ; if i.s then drawn oflf inlo the hrine-pits. 

2ndly. The brine-pits are divided inlcj a large numlicr of compartments by means 
of little banks; those all Iiavo a eommunication w'ith each other, hut so arranged that 
the water has a long circuit to make in its j»assago from one set to another; it fre- 
quently flows 400 or GOO yards before if rcaelu .s the extremity of thi.^ sort of lHl)yrinth. 
The various divisions are (li.stingoii.shod l»y a niimhor of technical names. They should 
be exposed to the north, north-east , or nortli-west winds. 

In the month of Marcli iho water of the sea i.s Jet into these reservoirs, where a 
vast surface is exposed to evnpoi'ntion drain the first or clearing-working ; the others 
are refilled as their cont(;nts decrease. The salt is considered to be on the point of 
crystallising when the wafer licgins t<» grow’ red; soon after this, a pellicle forms on 
the surface, which lireaks and falls to tiic bottom. .Sometimes the salt i.s allowed to 
subside in the first comjiartmonl ; hut generally, the strong brine is made to pas.s on 
to the others, where a larger surface is exposed to the air ; in eitlier ease, the salt as 
it forms is raked out, and left upon tlic borders to drain and dry. To got rid of the 
chloride of magnesium, whicli is one of the principal impurities of this kind of salt, it 
is frequently heaped up under sliods, where it is just protected from the rain, and the 
chloride of magnesium Ixung a very deliquescent salt, attracts moisture from the air 
and drains away. The salt thus olitained partakes of the colour of the bottom on 
which it is formed, and is hcn(*o whit<‘, red, or grey. 

The following t;ible shows the composition of several varieties of culinary salt : — 


Analyses of several variciics of Culinary Salt. 
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The specific gravity of a saturated solution of large-grained cubical salt, is 1’1962 
at 60° Fahr. 100 parts of this brine contain 26'G of salt (100 water + 34*2 salt). 

In Great Britain the rock-salt mines and principal brine-springs are in Cheshire ; 
and the chief part of the Cheshire salt, both rock-salt and manufactured, is sent ly 
the river Weaver to Liverpool, a very small proportion of it being conveyed elsewhere, 
by canal or land carriage. 

There are brine-springs in Staffordshire, from w’hich Hull is furnished with white 
salt, and the Worcestershire salt chiefly supplies the London market. 

Within the last few years, while boring for coal in the Cleveland district near 
Hiddlesbro, Messrs. Bolchow and Vaughan discovered a considemble deposit of salt. 
Shafts are being sunk, not only at these works, but at the Clarence Works, l)elonging 
to Messrs. Bell Brothers. In a short time wo may expect to find all the soda-works 
upon the Tyne suppliedwith salt from those deposits in the North Riding of Yorkshire. 

According to M. Clement Desormes, engineer and chief actionnairc of the great 
salt-works of Dieuze, in France, the internal consumpt ion of tliat kingdom is rather 
more than 200,000 tons per annum, being at the rato of 6^ kilogrammes for each 
iadividual q( a population estunated at 32,600,000. 
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The Balt produce of the United Kingdom it; thown in the follotring returns : — 

The QuaniitUs of Cheshire Bock Salt atid White Salt sent diyum the Biver Wearer in 
each of the la st Jitr t/ears urre : 


Yrtirs 

Ilv>cV-salt 1 

1 White salt 

i 

T..ial ! 


ton.-' 

j tons 1 

tons 

1 869 

58,696 

1.566 i 

960.262 

1870 ; 

67.410 

1 901,158 1 

9tiS.56S 

1871 1 

82,765 

j 930,551 1 

1.013.:il6 1 

1872 

91,081 

1 996.381 j 

l.tt87,-465 

1873 j 

95,429 

! 918,068 1 

1 1 

1,01 497 1 
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Droitwith and Stoko Prior produced aUmt 276,000 tons each year; and the salt- 
mines in Ireland about 20,000 tons annually. The total produce of the United 
Kingdom being a little up or down of 1,600,000 tons, and of this about 700,000 tons 
uro annually exported. 

Salt cx/)ortecl in 187-1: — 828, 96 1 tons; value, 663,451/. 

SAILTS. It may be sufficient to shite hero that the common acceptation of a siilt 
is that of a crystallised .substance. Those formed by the union of simple bodies, as 
chlorine and sodium, iodine and iron, or the like; or of those formed by .‘Substances 
already compound, as sulphuric acid (sulphur and oxygen), with soda (sodium and 
oxygen), &c. ; or, in the case of many of the salts formed from the organic acids 
exhibiting a yet more complex constitution. 

Modern chemists define a salt as a body obtained from an acitl by replacement of 
its hydrogen by a metal ; thus, common salt may be derived from hydrochloric acid, 
or chloride of hydrogen, by replacing the hydrogen by .sodium. 

Salts may bo either ncutraU or such as do not exhibit any acid or «alkalino pro- 
perties ; or acid, i.e. those in which there is an excess of acid ; or basic, in which there 
is present more than one equivalent of base for each equivalent of acid. 

SAXiT, S3BBATXVE, is boracic acid. 

SAXiT WATSA, BXSTXXiXiATXOEr OV, See Water. 

SA1I’X> (Eng. and Ger. ; Sable, Fr.) is the name given to any mineral substance 
in a hard granular or pulverulent form, whether strewed upon the surface of the 
ground, found in strata at a ccrhiin depth, forming the beds of rivers, or tlio shores 
of the sea. The siliceous sands seem to be either original crystalline formations, like 
the sand of Neuilly, in 6-sided prisms, terminated by two 6-.sided pyramids, or the 
debris of granitic, schistose, quartzosc, or other primary ciystallino rocks, and are 
Jihundantly distributed over the globe; as in the imnu'uso plains known under tiio 
names of desert.s, slcppcs, landcs, ike., wliich, in Africa, Asia, Europe, and America, 
are entirely covered witii loose sterile sand. A'aluablc metallic ores, those of gold, 
])latiiium, tin, iron, titanium, often occur in the form of sand, or mixed with that 
earthy substance. Pure siliceous sands are very valuable for the manufacture of 
glass, for araoliorating dense clay soils, for moulding, and many other purposes. 

Specimens of the finer kinds of sand, from the Isle of Wiglit, and the neighbour- 
Jiood of Lynn, are remarkably white and beautiful. Reigate also furnishes pure 
siliceous sand. Ey far the finest samples of sand ever seen in this country were in the 
Amt'rican department of the Great Exhibition of 1851, and did not fail to attract the 
notice of those interested in such matters. This sand was totally free from iron 
and every other source of contamination. It was as white as snow ; and so far as the 
making of glass is concerned, no sand is equal to it : considerable quantities have been 
imported since that period. Tlie principal sources of sand for tlio manufacture of 
glass are Charlton, Hastings, Derbyshire, Alum Day, Yarmuuth, Isle of Wight, 
Keigate, and Hartwell near Ayle.sbury, in England ; near Llandudno, in Wales ; and in 
lamerick, Cork, and Donegal in Ireland. These sands have all more or less of a yellow 
topaz hue, indicating oxide of iron, and which imparts to all glass the green tinge so 
very perceptible in the common window variety. To remove this oxide of iron from 
sand, has never yet, wo believe, been attempted ; though if we may judge by the 
trouble taken to modify its influence in the niunufacturo of glass, an effectual process 
of the kind ’would be a lucrative discovery. When sand containing oxide of iron is 
mixed with a little charcoal and subjected at a red heat to the action of chlorine gas, 
the whole of the iron is volatilised as chloride of iron, and the silica remains pure as 
soon as the excess of charcoal is burnt off: this experiment seems to suggest the possi- 
bility of purifying the glass-makers’ sand, by the employment of waste muriatic 
acid. Even at oi^naiy temperatures, the solution of oxide of iron by this meaxui 
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might b6 hoped for; but there can bo no practical objection to the uso of a reasonable 
amount of heat for such a purpose, if found nceessai^'. A beautifully white sand 
has been used in America in the manufacture of soap. 

The sand from Alum Bay, in the Isle of AVight, is composed of — 

Silica^ 07 

Alumina, W'ith trace of oxjde of iron and m.'ignosia . 2 

Moisture 1 


100 

The French, or Fontainebleau sand, now used in glass-making very extensively, is— 

Silica 'J8-8 

Alumina, and trace of iron 07 

Moisture ••••••••• 0*5 

100 

8AirB-B]LA8T. Under the head of ENonAViNO on Glass, a description is given 
of Mr. Tilghman’s ])rocesw of abrading the surface of glass or stone by the action of a 
jet of sand driven at considerable velocity. The construct ion of llie ap]»ara!iis only 
will be dealt with in this place. The machine employed to direct the sand on to the 


1754 


1755 




object, to bo operated upon 
resi'inbles a Gifford’s injec- 
tor. ThoJirrangement will 
be understootl by cxainin- 
ingyay. 1 754. a is the sand- 
box, and 5 a box contain- 
ing compressed air, whieh 
passes through the tube c, 
w’ith foivo proportional to 
the pressure exerted on the 
air in the box; opposite to 
this jet of air and sand is 
j»lac(Hl the plate of glass to 
be operated on. The grains of sand being drawn by suction into the air, or steam, 
if the latter is employed, and then projected forwaird with a velocity proportioned to 
the pressure, the sand does its work and passes off' into tlio settling chamber c, from 
which it is again lifted by the stind-elevator to be returned into the box a. For 
cutting stone, the sand is introduced into a central irt^n tube, about ^th-inch bore 
(fia, 1755), and the steam issues through an nnnulur passage surrounding the sand- 
tnoe. A tube of chilled cast iron, 6 inches long, and .ry iis-inch bore, is fixed as a 
prolongation of the steam passage, and serves as a tulio in which tlio steam mixes 
with the sand, and imparts velocity to the latter. The central snnd-tube is con- 
nected by means of a flexible tube and funnel, with a box containing dry sand, 
•nd the oater annular tube is connected by another flexible tube with a steam-boiler. 
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SAirSAXi, SAVTAXi, or ABO SAVSns WOOS ; Sandfl- 

hoh, Ger,), is tlio vroo<\ of tho Pterocurjnis sanfalinus. a troo wlj'u’h prows in Ceylon 
Jiiu! f)n tlie mast of Coronuimlel. Tlio oKI wo(k 1 is prt ft rrt'*! liy «Iyers. Its colouring- 
inattfT is of a resinous nature, and is tlurelore quite soluMe in alcohol, essential oils, 
a:ul alkaline Ivrs : lait sparingly in boiling water, ami hanlly, if at all, it) cold water. 
Th.‘ colouring-matter which is obtained l>y evaporating the alcoholic infusion to dry- 
m ss, has b»*en called .<tantnlin. 8eo Santalin. 

8andal-wo<Kl is used in India, along with one-tenth of .<i/p{Vi wood (the CfPftalpiyiia 
sapan of .Jajvtn, Java, Siam, Celebes, and the I’liilippino Isles), principally for dyeing 
silk and cotton. Trommsdorf dyed wool, cotton, and linen a carmine hue by dipping 
tlu-m alternately in an alkaline solution of the s/indal-wood, ami in an acidulous 
bath, llancrofl obtaineil a fast .'ind brilliant redtiisli-ycllow. by ]^reparlug wool with 
tin alnni-and-tartar bath, and thou pissing it through a boiling bath of saiulul-wood 
and sumach. 

According to Toghr. wool, silk, cotton, ami linen mordanted with a salt of tin, 
and <lipped in -i cohl alcoholic tincture of the wood, became (d’ a superb ponceau-rt'd 
eohair. Vrith alum they took a scarlet -reil ; with sulphate of iron a dei'p violet or 
brown-rt'd. Unfortunalt ly, those dyes do not resist the inthumco of light. 

SAINBZSKS wood/ See Sandal Wood. 

SAHTDAltACBi or Jtntipcr-Uci^i)} . is a peculiar resinous siibst;iiice, the ]»ro- 
duet of llio ‘llnnja arih'uJtda^ a small tree of ihe conifiToiis fanjily, wldch gi-ows 
in the northern jcirts of Africa, especially round Mount Atlas. It is imported from 
,Mogadorc. 

'J'lio resin comes to us in jialo ydlow, transparent. l>rittle. small fe.irs. of .a spherical 
or cylindrical shape. It has a faint aromatic smell. does not s<»ftt'n, but breaks between 
tin* teeth, fuses readily with heat, and l)as a speeilic gravity of from l Oo to 1 •()!). It 
contains three diflerent, resins : one .soltihh? in spirits of wine, somewhat resembling 
p\nK imd (see TTjicrr.NTiNr.) ; one not ^olnble iii liial mmsiruum; ami a third, 
s luMe only in alco’io] of DO per cent. It is n.vd as j»ou!)C!t-powtlrr ibr stnaving 
over paper ( rasnivs, ;is iiuvnsi*. and in vaniislies. 'The I*'>rot-iirpi/s Dnt'o is another 
spt'eles of the genus; from this the Itra^on’s l.looil was forimrly oldaiiied, 'I'ho 
wooil Iti'iiig Wouiith.'d, a resimais jiiiee ot a tv<l eoh.ur flows out. whieli m’oiieret 'S 
on exposure to llie air. Ihit little of this resin is ::o\v loiiial in eommen*e, tin* 
reed Cniamits Dram produeing all that Is imp(*rLed. Gum Ivino is obtained from 
Pterocarpus cri a ace a s'. 

Saiidiirach is .softer and less briliiant than slndhu', but. much lightiT in eoloiir ; 
it is therefore used for raakiug a pale varnisli for light-coloured woods. See 
Vaunisuks. 

SAXrDZVfiR. 'fho .salino scum formed on pla.ss-pots, known also as Glaus gall. 
The namo is ii corrupt ion <d' tlic hV(*uch ‘ Su//d <lc rrrrr' 

SAXTDSTOXia’E. A huihiing-stono .eimj-ly formed by the eoheslon of sandy par- 
ticles. Tlio most diiralile sandstones ar«* such a.s are formed of siliceous jiarticles 
cemented togi-ther by silica. 

SAM'XTARY ECOXO’OMT. This term is used to exj»ress and to ineludo every- 
thing which is done r>r can l*e done to the presorvation (d‘ ht;allh. Tliis iiicludeH the 
supply of a large ipiantUy (>f pan; air, the maintenanet: of tlu) watt-rs of wclb- and 
rivers in as nneontaminated a state as possible, and tho removal from umongsl tho 
living (jf all dt-compos.’ible or dead matter as speedily as jiossiiJe. 

SAXffTAXiXMr. TIio chemistry of this ]»roduct is ly no means quite complete, 
I’ellutier was tho fir.-t who dis-ovi red and isolated .s,intalin. Meier prej)ares it l>y 
treating the wovkI witli ether ; the concentrated soluti'-ii yifhhs tho substanc*' in a crys- 
talline ytt inquire slate. The crystals are lirst wash*- 1 w'ith water, and next re-dis- 
solved in alcohol ; the alcoholic solution is pr'-cipit ite I by acet'ite of lead, ami the 
ensuing precipitate waslied with boiling alcohol, and m xt depom]iost.*d by nn-aiia of 
Mi!]'huric acid in the ]'resi-nce of alcthol, AT.-r n moving tlie sidj)hate of lead, the 
I'r' vl'.usly-couciiitrated alcuholic solution deposits sanfalin in the shii}»o of small 
crystals of a beautiful rod colour, fusing ht 101 g I)r. I)usv,anee’s ])!an of prequiring 
santaliu is by cii'It iting iho alcoholic extract of rlie wfj<>d ly means of hydrated 
oxide of Ic.’kI. After washing, tlui precipitate is d.is.'-olved in acetic a(‘id, and to this 
s iliition a lariLTe quant ity of cold water is add' d, which indeed ])reci]'ilates tho colouring- 
maiter, I'Ut in a rc.ihcT impure .‘■tato, .since th-,' edge thus obtained does not yield good 
results. 

S:iut'il-\vo,>l coat iins on an average ab' ut IG ]*er cent, of santalic acid. According 
to M’eg. rnian.’i and ilaeffidy, the conq»^<sition of santalin is G’“ll'^0‘® (C’‘H‘*0'). 
I»r. Jloliey con.^iders that santal-woml contains two different colouring-mntteni, one 
of xvhich is richer in oxygen, but pKxirer in hydro;ren ; this is tlie material occurring 
in the old dark-coioured wood. The other is f^ouud in the younger and paler variety. 
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According to the researches of Meier and Kimmor, sanUlin is accompanied by divers 
red and brown coloured-matters, more soluble in water than santalin itself, and the 
products of its oxidation. This ussertion is cerbiinly substjintiat(«l by the fact, that 
the young twigs of the Pterocarpus santalinus are internally yellow-coloured, and only 
become red by the action of the air. 

Santalin exhibits the following properties : it is a beautiful red crysUil line powder, 
almost insoluble in water, soluble in alcohol, ether, and acetic acid; the colouring- 
matter is very readily withdrawn from the acetic acid solution by albuminous sub- 
stances, whicu retain it energetically ; alkalis dissolve santalin, yielding deep violet- 
red solutions, from which it is thrown ilowm unaltered by acids. Santalin fuses at 1 04'^. 
(See Crookes’s ‘ Practical Haiidljook of Dyeing.’) 

or pMst Ind'um Dyv. JfVW, or Buch'nm-^\ ond, ns a species oi the 
genus Casalpiuia, to which IJrazil-wood belongs. It is so ealled by tin' French, be- 
cause it comes to them from Ja})an, which the}' corruptly pronounce! Sai!an. It is 
imported in pieces like the Br.ocil-wood, to whicli it is far inferior for dyt ing. Tile 
decoction is used in calico-printing ff)r n-d colours. In general, s]»an wood i.s too 
uu.soiind to be employed for turning. See linAZii.-Woon. 

SAP OSSBIfa The juice of the berries of the UhLimus ca(har/i< us, or conimtin 
buckthorn. 

8APPBZ&S. The Sapphire, liuhy, Orirn/al A/urthysf, Oriental Eairrald, and 
Oriental Topaz, are gems next in value and hardne.ss lo diamond; and tiny ;ill cini- 
sist of nearly jiiire alumina, with a. minut.c j>roj)ftriion ('f iron as the cohiwring- 
mattor. The following aiinlys(!s .‘<liow the allinily in eompositiuii of tin mo.'^t precious 
bodies with others in little relative cstiniatioii : — 
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Salamsio7ie is a variety which consists of small trans))an'nt crystals. geiuTally six- 
sided prisms, of pale reddish and bluish colours. ’I’ln* cojamdum of JJatl.agammana 
is frequently found in large six-sided prisms; it i.s commonly of a l»rowii colour, 
whence it is ealled by the natives Cunindu yalle, cinnamoii-slone. The liair-browii and 
reddish-brown crystals are calh«l adannintinc .^par. 

Sapphire and salamslonu are chielly met with in secondary repositories, as in the 
sand of rivers, &c., accompanied by crystals and grains of magnetic iron ore and 
of several species of gems. 

The finest varieties of sapphire come from iVgu, where they cveur in the Capehm 
mountains near Syrian. Some have bem found .also at Ilohenslcin in Saxony, llilin 
in Bohemia, Puy in France, and in sevt!r;il other etmnlries. Thu n d variety, the 
ruby, is most highly valued. Its colour is between a bright scarlet and crimson. A 
perfect ruby above carats is more valuable than a dinnumd of the .same weight. If 
it weigh 1 carat, it is worth 10 guineas ; ‘J car;its, 40 guineas : 0 earais, 160 guineas ; 
6 carats, above 1,000 guiuoas. A deep-coloured ruby, exceeding ‘JO earats in weight, 
is generally called a carbuncle ; of whicli 108 were said U) lie in the ilirone of ilio 
Great Mogul, weighing from 100 to JOO carats each : but this statement is probably 
incorrect. The largest oriental ruby known to be in the wvn-hl was brought from 
China to Prince Gargarin, governor of Siberia. It came afii rward.s iuto ilio pos- 
session of Prince MenzikoiF, and constitutes now a jewel in the imperi.al crown of 
Bussia. See Busy. 

A good blue sapphire of 10 carats is valued at 60 guine.is. If it weighs 20 carats, 
its value is 200 guineas ; but under 10 carats, the price may la e-iimated by niuliiply- 
ing the square of its weight in canits into half a guinea : thus, one of four carats 
would be worth 4® x iG. = 8 guineas. It has been s;iid that tin' blue sapphire is supe- 
rior in hardness to the red, but tliis is probably a mistiike arising from confounding 
^6 corundum-ruby with Uie spincllo-ruby. A sapphire of a barbel-blue colour, weigh- 
ing 6 carats, was disposed of in Paris by public sale, for 70/. sterling ; and another 
of an indigo-blue, weighing 6 carats and 3 grains, brought (JO/. ; both of which sums 
much exceed what the preceding rule assigns, from which we may perceive how' fur 
Uxney may go in such matters. The * sapphire ’ of Brazil is merely a blue tourmaline* 
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as its spocifk' ^jrarity and inferior hardness sliou'. White sappliires are somo- 
times so pu*re, that when properly eut anti polislied they liave heeii passed for 
diamonds. 

The yellow and green sapphires are niuoli prized under tiie nanu's of oriental topaz 
and emerald. The spt'oimeiis whieh exhibit all these colours associated in one stone 
are highly valued, as they prove the niineralogical identity of these varieties. 

IJesi'les these sliades oi' colour, sapphires often emit a l)oautiful play of colours, or 
chntoh'nunf , when held in dilfereiit positions relative to the eye or incident liiiht ; and 
‘■ome likewise pre.sent star-like radiation.^, whence they aie called star-stojn's or 
(fsti'rias ; sending forth 0 or even 12 rays, that change tlieir }>lace with tlie position ot 
tlie stone. This property, so remarkable in certain blue sapphires, is not however 
fiecnliar to tliese gonis. It seems to belong to transparent minerals wliieh btdong 
to the rhomlxdudral system, and arises from the conibinati(»n of I’l^rtain eonditiv)ns 
iti their eutting and structure. J.apidaries often t'Xpose the light-blue v.iriety of 
sapphire to the action of lire, in order to render it white an<l riion* brilliant ; but with 
regard to thosii found at Ex}>ailly in hVanee. lire deepens their eolour. 

8ARX>. A variety of elialeediniy of .i d.trk reddisli-brown eolour, almost ap- 
jiroaching to black by retlected liiibf, and very deej> red. inelining to l»lofxl-reil, by 
transmitted light. It is found uiuler the .‘iaine eondithuis as earnulian. Imt is rarer 
and more liighly esteemed, ancl tluTefore fetches a hiirhi.T j't'ice. 'Flie name i.s 
derived ( ither from aar.v (< Jr. *lh slr ). in .allusion to its colour, or from Sardis in 

Lyilia, wlience it is said to have been first brought. Jt should bo remarkial, bowa vtu*, 
that the sard presents, in its interior and in tiei inidillo of its ground, eoncentric 
zoiie.s, or small lu'bulositie.s, whieh are not to be seen in tlio red earnelian, pri>iHTly so 
ealleii. I'ho ancients certainly knew «*iir .sard, >inco they have left ns .a great many 
of them engraved, but they seem to ]iav«^ a.ss<H’iat«“d uiuh'r liie title .SV/zv/o both tlui 
mrdunf' of the French tiinl onr earneliaus and elialcedonies. IMiny says that the 
sarda caiiK' from the neiglib<airii<:Kul of a eily of that nann^ in liy lia. and fron^ the 
environs of Labylon. Among the engraved sards which exist in the <’olleciion of 
antupies in the ilihliothequo Foyale of I’aris, tin-re is an .Apollo reinarkabh* fe.r its 
line colour jukI great size. When the stofie forms a part of the agate-onyx, it is 
called sanlonyx, 

SAJtXIXlMriS i^Athcrina ; (Jr. aih/p, “a spine’). A gciins of fishes, belonging to lljo 
order Acanthoptcri/yii. Tluy form a very extensive lislnrv in the Abdif errut-nan. 
d'iiey rire salted and prcsi'rved in oil, and are stuit in l.irge ipiaiit it it s to this conniry. 
Jxecently (1S74) an establishment has been foundetl Jit .Mevagissiy in < 'ornwall for 
)»ivserving the small pilchards iti the .same way as the .sardines of ilii> Mediterram?an 
are ]n*epared. It i.s thoiijlit by .seiirm that t in- s.irdine and the young pilchard 
identical, l>nt the sariiine is of the genus Athn'uitt, wliereas tlie pilchanl belongs to 
the id(r. 

SAJmOXnrX. A variety (if onyx, ctmipo.sed of alt« rnute lay*•r.^ of .sard and white 
chalcedony. Jt much rtscm!h.-s agate, Init tlie colours, usiiallya light clear brown and 
an opaque white, are arraiigc l in Hat h<irizoiital plaiie.s. Amidst the chaleedonic .‘■cries 
are various stones having thi' i^auie gi neral cliaracter, of mixtures of true quartz, 
with op.-ii disseminated. — II. AV\ il. 

SATXW t Fug., Fr, and Gcr.) is the name of a .silk stulV, first imjxjrted friiiu 
Chiria, Aviiich is distiugnisiiahle by its very smooth, poli.slied, ami glossy surface. Jt is 
woven upon a hjom with at lea.st five-lcaved la-alds or heddlcs, and as many corrc' 
spoiiding ti'cddles. TJie.se are so mouiitedas to rise and fall four at ;i time, r.iising nd 
dejiivs.-ing alli-rnai ely four yarns (if tlie warp, acm.ss tlie wln-le of Miiich thi^ wt-n, Ih 
thrown by the shuttle, so as to ]iroduce a unif(.»rm smooth texture, instead (d tiie 
ciit qiuTi d work resulting from iijicriiu di;;Le deeu.s.satioris, a.*^ in eojuinoii web.s. Satins 
ari- wcjVuti willi ihe glossy or right sido undermost, ln.can.se tlie fonr-lllUis <jf the 
warp, whieh are always left there during the aetiuii of the healds, serve to .sijpjXirt 
the sliotlle ill its race. AVero they wova-u in the reverse \\ay, the scanty fifth part of 
the xv irp-tiiivads eiiuld either not snppcirt, or would be t(yo mucli worn by tin* s.hnttlo. 
See Tk-xtilu- Fahuics. 

SATXVSTa A mixed fabric, woven t(* imitate satin. 

SATZV SPAS. A liltriius variety of gyj'sum (Hul|ihate of lime); when 
polished, u.srii for ornamenbil purposes. It is sonielimes a fibrou.s carbonate <if lime. 

SATZV-WOOD. A veiucring wood of great beauty, thr? product of tlie Ohio- 
roxi/hn Siruu n'm of India. 'J'hu light colour and lustrous pzdi.sh of the worxi, com- 
bined with tiie ple.i^ing ■ figure’ it exhibits, renders it a favourite W'f>od for drawing- 
nk-in furnituo. It is a native of Ceylon, and is fourul in the northern and southern 
— but chiefly in the eastern— district-. Above all things, il requires the most careful 
seasoning, lor n i.N liable to warp and split; and once let such a misfortune happen to 
boards detiintd — .say for wardrobe-panels and the jxicuniary loss is verygi*eat. Car© 
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taken to exclude the rays of the sun, or violent alterations of heat and cold, 
there is little doubt of well-selected wood being seasoned successfully. 

Flower satin-wood is generally obtained from the roots, and has been found of a size 
to yield planks 16 inches broad. Unfortunately, this is an exceptional dimension ; it 
is not often seen in this country, for the cultirator’s axe is destroying the finest satin- 
wood to be met with, that near the foot of the Anamallai Hills. In the Bombay 
Presidency it seldom reaches beyond the size of a small tree, which, when straight, 
would a log 8 by 8 inches ijquare. The wood is very close-grained, hard, and 

durable, and of a light-orange colour, so light in fact, that the word ‘ orange ’ can 
hardly fairly be applied. Indeed, it is sometimes erroneously called ‘ yellow-wood,’ 
whidi is another timber altogether, larger and straighter than box-wood, but not so 
close mined. 

Satin-wood takes a fine polish, and is suited for all kinds of ornamental purposes ; 
but it is rather apt to split. For picture-frames it is nearly equal to American maple. 
The timber bears submersion well, and in some instances it is beautifully feathered, 
and the flowered or feathered satin-wood, w'hen first polished is one of the most beau- 
tiful woods. 

SJLTnULTZOSr is the term employed to express the condition of a body which 
has taken its full dose or chemical proportion of any other substance with which it ciin 
combine ; as water with a salt, or an acid with an alkali. 

•ATUMTa SacnULCT OF. The old name of the acetate of lead. 

•AW. Saws are formed from plates of sheet-steel, and are toothed, not by hand, 
but by means of a press and tools. Circular saws have the advantage of being divided 
in their teeth veiy accurately by means of a division -plate; this prevents irregularity 
of sire, and imparts smoothness and uniformity of action. The larger sizes of circular 
saws are made in segments and connected together by means of dove-tails. All saws 
are hardened and tempered in oil ; their irregularities are removed by nairmering on 
blocks, and they are equalised by grinding. The several forms of teeth do not, as the 
casual observer may imagine, depend upon taste, but are those best fitted for cutting 
through the particular section, quality, or hardness of the material to be cut. The 
‘set' of the saw consists in inclining the teeth at the particular angle known to be the 
best to facilitate the exit of the saw-dust, and thereby allow the saw to operate more 
freely. Iron bars, shaftings, &c., are cut to length by a steel circular saw, in its soft 
state, the iron to be cut being presented to the saw red-hot ; the saw rotates at a pro- 
digious rate, and is kept in cutting condition, or cool, by its lower edge being immersed 
in water. 

•AAlFAAOXyg. See Explosive Agents. 

•AJtOW BAra. A solution of indigo in oil of vitriol. See Blue Figments. 

flOAMAA. The red limestone of the Alps. See Limestone. 

•CAOUOXA is merely ornamental plaster-work, produced by applying a pap 
made of finely-ground calcined gypsum, mixed with a weak solution of Flanders glue, 
upon any figure formed of laths nailed together, or occasionally upon brickwork, and 
btttudding its surface, while soft, with splinters (scagliole) of spar, marble, granite, 
bits of concrete-coloured gypsum, or veins of clay, in a semi-fluid state. The sub- 
stances employed to colour the spots and patches are the several ochres, boles, terra 
' di Sienna, chrome-yellow, &c. The surface, if it be that of a column, is turned smooth 
upon a lathe, polished with stones of different fineness, and finished with some plaster- 
pap, to ^vo it lustre. Pilasters and other flat surfaces are smoothed by a carpenter’s 
plane, with the chisel finely serrated, and afterwards polished with plaster by friction. 
The glue is the cause of the gloss, but makes the surface apt to be injured by moisture, 
or even damp air. See Stone, Abtificial. 

•CABIUR (IHnture en Variate, 'Fr. ; Scharlachfdrberei, Ger.) Scarlet 

is usually g^ven at two successive operations. The boilers (see Dyeing) are made of 
block tin, but their bottoms are formed occasionally of copper. 

1. The bouillon- or the colouring-bath. — For 100 pounds of cloth, put into the water, 
when it is little more than lukewarm, 6 pounds of aigal, and stir it well. When the 
water becomes too hot for the hand, throw into it with agitation, 1 pound of cochineal 
in' fine powder. An instant afterwards, pour in 5 pounds of the clear mordant (see 
Mobdant), stir the whole thoroughly as soon as the bath begins to boil, introduce the 
doth, and wince it briskly for two or three rotations, and then more slowly. At the 
ehd of a two4iours^ boil, the cloth is to be taken out, allowed to become perfectly cool^ 
ahd Wdl washed at the river, or winced in a current of pure water. 

; 2- Th» rouffie, or finUhing dye. — The bonillon-bath is emptied and replaced with 
wste ihr the roi^. When it is on the point of boiling, 6^ pounds of cochineal in 
fi^ne powdar are to be thrown in, and xhixM with care ; when the crust, which forms 
fipOB the snxfhee, opens of itself in several places, U pounds of solution of tin 
(hBriatt tjf tin) are to be added. Should the liquor be likely to boil over the edges of 
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the kettle, a little cold water is to be added. When the bath has become uniform, the 
cloth is to be put in, taking care to wince it briskly for two or three turns; then to 
boil it bodily for an hour, thrusting it under the liquor with a rod whenever it rises to 
the surface. It is lastly taken out, aired, washed at the river, and dried. 

Below will be found the tables of the composition of the bouillon and the rougie. 

M. Lenormand stated that he had made experiments of verification upon all the 
formulae of the following tables, and declared his conviction that the finest tint might 
be obtained by taking the bouillon of Scheffer and the rougie No. 4 of Poerner, 

Tabka of the Composition of the Bouillon and Bougie for 100 pounds of Cloth or Wool, 
Composition of the Bouillon. 


Names of the authors 

Starch 

Cream of 
tartar 

Cochineal 

Solution 
of tin 

Common 

salt 


lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

Ibfr. ozs. 

BerthoUet 

0 

0 

6 

0 

8 

1) 

5 

0 

0 0 

Hellot 

0 

0 

12 

8 

18 

0 

12 

8 

0 0 

Scheffer . 

9 

0 

9 

6 

12 

4 

9 

6 

0 0 

Poerner . 

0 

0 

10 

15 

0 

0 

10 

1 

15 

0 0 


Composition of the Bougie. 


Names of the authors 

starch 

Cream of 
tartar 

Cochineal 

Solution 
of tin 

Common 

salt 


lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. 

ozs. 

lbs. ozs. 

BerthoUet 

0 

0 

0 

0 

5 

8 

14 

0 

0 0 

Hellot . 

3 

2 

0 

0 

7 

4 

12 

8 

0 0 

Scheffer . 

3 

2 

3 

2 

5 

7i 

4 

11 

0 0 

f 

0 

0 

1 

8 

6 

4 

6 

4 

0 0 

Poerner . , < 

0 

0 

0 

0 

(> 

4 

12 

8 

0 0 

1 

0 

0 

1 

8 


4 

G 

4 

12 8 


M. Eobiquet has given the following prescription for making a printing scarlet^ for 
well-whitened woollen cloth : — Boil a j)Ound of pulverised cochineal in 4 pints of 
w’ater down to 2 pints, and pass the decoction through a sieve. Repeat the boiling 
three times upon the residuum, mix the 8 pints of decoction, thicken them properly 
with 2 pounds of starch, and boil into a paste. Let it cool down to 104° Fahr., then 
add 4 ounces of the solution of tin and 2 ounces of ordinary muriate of tin. When 
a ponceau red is wanted, 2 ounces of pounded tumeric should bo added. 

A solution of chlorate of potash is said to beautify scarlet cloth in a remarkable 
manner. For several fine sciirlet dyes, see ‘ Practical Handbook of Dyeing,’ by Wm. 
Crookes, F.R.S. See Lac Dye ; Aniline ; Mxjbexide. 

SCBXn&lS’S CUtnBir is a pulverulent arsenite of copper, which may be prepared 
as follows: — Form, first, an arsenite of potash, by adding ^dually 11 ounces of 
arsenious acid to 2 pounds of carbonate of potash, dissolved in 10 pounds of boiling 
water; next, dissolve 2 pounds of crystallised sulphate of copper in 30 pounds of 
water ; filter each solution, then pour the first progressively into the second, as long as 
it produces a rich grass-green precipitate. This being thrown upon a filter-cloth, and 
edulcorated with warm water, will afford 1 pound 6 ounces of this beautiful pigment. 
It consists of, oxide of copper, 28*51, and of arsenious acid, 71*46. This green is 
applied by an analogous double decomposition to cloth. See Calico-Pbintino. 
Much discussion has arisen relative to the use of this salt in paper-hangings, it having 
been supposed by many persons to have produced ill effects on those exposed to the 
atmosphere of such rooms. 

SCBMSXiZX. A kind of glass prepared in Bohemia, chiefly for the purpose of 
receiv ing the red colo ur imparted by the oxide of gold. See Glass. 

SCHWBZBWBTB ff-BBBK is a more beautiful and velvety pigment than the 
Scheele’s green. It was discovered in 1814, by MM. Rusz and ^ttler, at Schwein- 
furth, and remained for many years a profitable secretin their hands. M. Liebig having 
made its composition known in 1822, it has since been prepared in a great many 
colour-works. Braconnot published, about the same time, another process for manu- 
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fecturing the eame pigment. Its preparation is very simple, but its formation is 
aoeompnnied vrith some interesting circumstances. On mixing equal parts of acetate 
of copper and arsenious acid, each in a boiling concentrated solution, a bulky olive- 
green precipitate is immediately produced ; while much acetic acid is set free. The 
powder thus obtained appears to be a compound of arsenious acid and oxide of copper, 
in a peculiar state; since when decomposed by sulphuric acid, no acetic odour is 
exhal^ Its colour is not changed by drying, by exposure to air, or by bein^ heated 
in water. But, if it be boiled i^ the acidulous liquor from which it was precipitated, 
it soon changes its colour, as well as its state of aggregation, and forms a new deposit 
in the form of a dense granular beautiful green powder. As fine a colour is produced 
by ebullition during five or six minutes as is obtained at the end of several hours by 
miTin g the two boiling solutions, and allowing the whole to cool together. In tho 
latter case, the precipitate, which is slight and flocky at first, becomes denser by 
degrees ; it next betrays green spots, which progressively increase, till the mass grows 
altogether of a crystalline constitution, and of a still more beautiful tint than if formed 
by ebullition. 

When cold water is added to the mixed solutions immediately after the precipitate 
takes place, the development of the colour is retarded, with the effect of making it 
much finer. The best mode of procedure is to add to the blended solutions their 
own bulk of cold water, and to fill a globe up to the neck with the mixture, in order 
to prevent the formation on any such pellicle on the surface as might, by falling to tho 
bottom, excite premature crystallisation. Thus the reaction continues during two or 
three days with the happiest effect. 

SCOmtZlfCI. This art is that which is employed for removing grease spots, &:;c., 
from cloths and furniture, which require skill beyond that of the laundry. It is 
divided into two distinct branches, viz. French and English cleaning. We will first 
give an outline of English cleaning. 

Gmdemefia clothes^ such as trowsers, coats, &c., are treated in the following 
manner. They are stretched on a board, and the spots of grease, &c., first taken out 
by rubbing the spots well with a brush and cold strong soap-liquor; they are then done 
all over with the same, but the grease spots are done first, because they require more 
rubbing, of course, than the other parts, and when all the substance is wet the spots 
will not be so easily distinguished. After treatment with the strong soap-liquor, the 
soap is worked by a weaker soap-liquor; the articles are then well washed off with 
warm water, and treated with ammonia {if black), solution of common salt, or dilute 
acid, according to circumstances. They are then drained, beaten out with a little size, 
pressed and dried. 

Ladies' articles of dress, as shawls and woollen dresses. — The spots are first removed 
hy rubbing them on the board with very strong soap-liquor ; they are then put into 
a strong soap-liquor, and well worked about in it ; then taken out and treated w’itli 
a weaker soap-liquor, to w’ork out tho soap, &c. ; rinsed with warm and cold water 
alternately ; treated with solution of common salt or very weak acid, to maintain the 
colours. They are starched, if necessarj^ and ironed. Woollen dresses that are taken 
to pieces are calendered instead of ironing. 

Bilk dresses, are always taken to pieces, and each piece done separately, and 
as quickly as possible. If there are any spots of grease, they are taken out first, as 
above mentioned. Each piece, after the spots are removed, is immediately placed in 
a strong soap-liquor, and well worked about in it, and then into a thinner soap-liquor ; 
well washed out with cold water, and treated with solution of common salt, or very 
weak add, or both, as required; each piece is then neatly folded and wrung separate 1}% 
again folded smoothly and placed in dry sheets, and pressed, so as to remove all 
d^pness from them ; they are then put into a frame, a little size or sugar-and- 
water being used to stiffen and glaze ; lastly, they are dried while on tho frame by a 
charcoal fire. 

BSAmiture^ as curtains, ^c . — These things are put into a tub, with a strong cold 
soap-liquor, and well punched about with a large wooden punch made on purpose; and 
a great deal depends upon this being properly done. They are then treated in the 
same manner in a weaker soap-liquor, well rinsed with water, treated with common 
salt oar weak acid, as required, wrung out, and dried. Woollen furniture will generally 
require to be treated several times with the first strong soap-liquor, to remove the 
dirt, but for cotton fomiture once will be ^nerally sufficient. 

-These aare well beaten, then laid down on the floor of the dye-house, and 
wU scrubbed with strong cold soap-liquor, by moans of a long-handled brush or 
broom ; then treated with a weaker soap-liquor ; well rinsed with water, by throwing 
pfdls ctf water over them, and still rubbing with the brush ; treated with water, to 
which a smsM qwntity of sulphuric acid has been added, to retain the colours * 
rinsed again, hung up to chain, and then hung up in a warm room to dry. 
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A great point in this kind of cleaning is to use strong cold soap-liquors; and this 
cannot be done with ordinary soaps, as they congeal when cold, and on this account 
^Field’s soap is the principal soap which is used, because it is made from oil, and does 
not congeal. It is probaby made from the olein obtained in the manufacture of com- 
posite candles. 

French cleaning is what is called dry cleaning. In this process the articles are put 
into campliine and worked about in it, drained, sheeted, and dried. The camphino 
dissolves the grease, &c., and does not injure the colours ; but when things are very 
dirty, it does not clean so effectually as the English method. It is, however, the only 
process that can be employed in some cases, as in cleaning kid gloves. 

SCREWS. The elementary idea of the form of the screw is obtained by regarding 
it as a continuous circular wedge ; and it is readily modelled by wrapping a wodge- 
foi’niod pieco of paper around a cylinder; the edge of the paper then represents the 
lino of the screw. Tho use of the screw is well known to all ; and the system of 
cutting a rod of iron or steel into a screw scarcely requires any description. The 
mauipulatory details and the tools used in their manufacture are admirably and most 
fully described in Holtzapffel’s ‘ Turning and Mechanical Manipulation.’ 

SER-KOXiET. Eryngiim maritUnum. The sea-holly — sea eryngo or sea liulver 
— is found on the sea-shores of Bribiin, and on the European and African shores of 
tho Mediterranean Sea. The root was at one time much used medicinally. It is now 
prepared as a sweetmeat, and is especially candied at Colchester in Essex. 

The E. faatidum is used in Jamaica as a remedy for h 3 ’sterical fits ; a'lid the E. 
aquaticuni^ sometimes called ‘ rattlesnake-weed,’ from the circumstance of tho North 
American Indians using it as an application to the bite of tliat serpent. 

SEA-BIAEE. The Cramlte maritinia is a native of tho English coast, and is 
f )und ns far north as the Polar circle. The plant is blanched in spring, and the 
etiolated leaves fire used as a delicate vegetable. 

SBREy THE. A marine animal, belonging to the class Mammalia^ order Carnivora^ 
and sub-order Pinnipedia. Although there are many species, only two genera, properly 
speaking, belong to this group, the seal {Phoca) and the walrus or morse {Trkhecus). 
The seal is an amphibious creature ; it sleeps, basks, and feeds its young on land, but 
lias never been seen to take its food excepting when in tho water. Its limbs are very 
short and covered with a skin, so as to resemble fins more than legs ; the feet are 
webbed, and have the power of con.sidcrablo expansion, and servo as excellent oars 
when tho animal is in tho water, but arc of little service when on land, its terrestrial 
progression being effected by a sort of shiilfling, jumping, or creeping motion ; it uses 
these fin-like legs in climbing on to rocks or ice out of the water. It is an excellent 
swimmer, and, when in deep water, dives witli remarkable rapidity, in an instant 
reappearing at perhaps a distance of fifty 3 rards ; this rapidity of motion gives it great 
power over its prey, which can seldom escape, except by swimming into shoal water. 
It feeds on almost any kind of fish, even shell-fish ; but the salmon of the northern 
seas seems to ho its favourite food. It is a native of tho northern seas generally, and 
is found on tlie coasts of England and France, but is most plentiful around Green- 
land and Newfoundland. It is everything to the Greenlander ; it supplies his food, 
light, and clothing, its flesh is his food, the liver being considered a dainty, and even 
by English sailors an agreeable dish ; tho fat (of which there is a large quantity, 
especially in the young about six weeks old) is consumed in his lamp; and tho 
skin, being dressed in a peculiar way that renders it waterproof, furnishes him 
with almost all the other necessaries of life. When the skin is dressed without 
the hair, the Esquimaux and Greenlanders use it instead of planks for their boats, 
and as an outer covering for themselves, so that they are enabled to invert their 
canoes and themselves in the water without getting their bodies wet. The .skin of 
tho young is used as raiment for the women ; and the skin of old animals to cover 
the houses ; the stomach is filled with air and used as a fishing buoy ; while the 
teeth furnish the heads of tlie hunting-spears. The skins of the Bteinmaioyus cristatus 
and the Calocephalus hispidus are sent in great quantities to Great Britain, where 
they are much used for hats, waistcoats, jackets, &c. Tho walrus or morse {Trwhecus 
Bosmarius) has two large canine teeth or tusks in the upper jaw, which measure from 
1 5 to 30 inches in length. Great numbers of t^liese animals are annually destroyed 
for tho sake of their tusks, the ivory of which is highly esteemed. These animals do 
not produce much fat, but the oil is of good quality ; the skin is used for carriage- 
traces, wheel-ropes, &c. 

Mr. Frank Buckland writes as follows on the seal-fishery : — 

‘ When engaged two years ago in examining the salmon-fisheries of Scotland, I had 
the pleasure of meeting at Peterhead Captain Darid Gray, commanding officer of the 
screw-steamer ‘Eclipse,’ one of the principal vessels which sail annually from Scotland 
in pursuit of whales and seals. These vessels leave Dundee and Peterhead’ about 
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. March 1 ; they make the ice about 72° or 73° north, in tlie neighbourliood of the 
island of Jan Mayan, a volcanic mountain rising 2,000 feet above the level of the sea. 
The yoni^ seals and mothers are found on the pack-ice near this island. There are 
four spedes of seals — ^the harp or saddle-back, the bladder-nose or hooded, tlie ground 
or beaded, and the doe or rat seal. The seals lie like flocks of sheep upon the ice, 
but 0VBZJ year they are observedly getting less and less in number. 

‘ Captain Gray writes to me as follows in explanation of this : — 

** On the seals being reached, ^e men are sent over the ice, the harpooners armed 
with rifles, the other men with seal-clubs, knife, and steel, also a rope to drag the 
skins to the ship. And now a work of brutal murder and cruelty goes on enough to 
make the hardest-hearted turn away with loathing and disgust. The harpoon er 
chooses a place where a number of young seals are lying, knowing well that tlio 
mothers will soon make their appearance to see if the young are safe, and are then 
shot without men^. This sort of work goes on for a few days, until tons of thousiinds 
of young seals are left motherless to die of starvation, not so much from the number 
of old ones killed (although too many of them are slain at this season, 40,000 being 
killed last year in March) as from those wounded and scared away. In a short timo 
the old ones become shy and will not come near where the men are standing, but keep 
at a Respectful distance. It is horrible to sec the young ones trying to suck the 
carcases of their mothers, their eyes starting out of their sockets, looking the very 
picture of famine. They crawl over and over them until quite red with blood, }X)king 
them with their noses, no doubt wondering why they are not getting their usual footl, 
uttering painful cries the while. The noise they make is something dreadful. If 
one coTild imagine himself surrounded by four or five hundred thousand human babies 
all crying at the pitch of their voices, he would have some idea of it. Their C17 is 
very like an infant’s. These motherless seals collect into lots of five or six, and crawl 
about the ice, their heads fast becoming the biggest part of their bodies, searching to 
find the nourishment they stand so much in want of. The females are very affection- 
ate toward their young.” 

* The young seals are bom about March 20, and are immediately slaughtered in 
thousands. At this time they arc worth about l.s. per skin, and contain little or no 
oil. If they were not allow^ to be killed before April 6, they would liave time to 
suck and grow, and they grow very fast; this terrible “massacre of the innocents ” 
would bo prevented, the intelligent and affectionate mother-seals would be spared the 
agony of seeing their crying cubs slaughtered and skinned before their eyes — some- 
times, as I hear, before they are quite dead — wdiilo each skin would then be worth 3s. 
or 4 «., and 100 seals would yield oil to the value of from 35/. to 40/. All that is re- 
quired is an international agreement or treaty among the sealing-vessels, which are 
about 86 in number — 20 from Scotland, 15 to 20 from Norway, and 2 from Germany 
— ^that an annual close-time should be given to the seals, and that they should not be 
killed before April 6, instead of March 20, in each year, as these seventeen days 
would make all the difference between thoir future multiplication and the present 
extermination which now threatens.’ 

SBAXi BirORAVZXrO. The art of 

cngravwg gems is one of extreme nicety. 
TIio stone having received its desired form 
from the lapidary, the engraver fixes it Ijy 
cement to the end of a wooden handle, and 
,hon draws the outline of his subject W'itli 
a brass needle or a diamond, upon its 
smooth surface. 

Fig, 1766 represents the whole of the 
seal-engraver's lathe. It consists of a 
table on which is fixed the mill, a small 
horizontal cylinder of steel, into one of 
whose extremities the tool is inserted, and 
which is made to revolve by the usual fly- 
wheel, driven by a treddle. The tools that 
may be fitted to the mill-cylinder are the 
following: — Fig. 1767 a hollow cylinder, 
for describing circles, and for boring ; ji^. 
1758 a knobbed tool, or rod terminated by 
a small ball ; fig. 1759 a stem terminated 
irith a cutting-disc whose edge may be 
either rounded, square, or sharp, being in 
the last case called a saw. 

&TUig fixed the tool beet adapted to his style of work in the mill, the artist 
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applies to ite cutting-point, or edge, some diamond-powder, mixed up with olive oil; 
and turning the wheel, he holds the stone against the tool, so as to produce the 
wished -for delineation and erosion. A 

similar apparatus is used for engraving 1757 1758 1759 

on glass. - ■ 

In order to give the highest degree of “ ^ * 

polish to the engraving, tools of box-wood, 

pewter, or copper, biiaubed with moistened tripoli or rotten-stone, and lastly a 
brush, are fastened to the mill. These are worked like the above steel instru- 
ments. Modern engravings on precious stones have not in general the same fine 
polish as the ancient. 

Several varieties of machine have been of late years introduced to facilitate the 
processes of engraving gems. Many of them involve the pentagraph, so that a seal 
may l)e engraved by the machine at once, either larger or smaller than the origiual 
from whicli it is copied. Most of these engraving machines are upon the principles 
described under Carving by Machinery. 

SBAXi-OXXi. See Oils. 

Sl^UirC^WAZ. {Cire a cacheter, Fr. ; Sieffellack, Ger.) The Hindoos from 
time immemorial have possessed the resin lac, and were long accustomed to use it for 
sealing manuscripts before it was known in Europe. It was first imported from the 
East into Venice, and then into Spain ; in which country sealing-wax became the 
object of a considerable commerce, under the name of Spanish-w*ax. 

If shellac bo compounded into sealing-wax, immediately after it has been separated 
by fusion from the palest qualities of stick or seed lac, it then forms a better and less 
brittle article than when the shellac is fused a second time. Hence sealing-wax, 
rightly prepared in the East Indies, deserves a preference over what can l>e made in 
other countries, where the lac is not indigenous. Shelhic can bo restored in some 
degree, however, to a plastic and tenacious statcbyrncltingit with a very small portion 
of turpentine. The palest shellac is to be selected for bright-coloured sealing-wax, 
the dark kind being reserved for black. 

The following proportions may be followed for making red sealing-wax ; — Take 4 
ounces of shellac, 1 ounce of Venice turpentine, and 3 ounces of vermilion. Melt 
the lac in a copper pan suspended over a clear cJi.ircoal tiro, then pour the turpentine 
slowly into it, and soon afterwards add the vermilion, stirring briskly all the time of 
the mixture with a rod in either hand. In forming tlie round sticks of sealing-wax, a 
certiiin portion of the mass should bo weighed while it is ductile, divided into the 
desired number of pieces, and then rolled out upon a warm marble slab, by means of 
a smooth wooden block, like that used by apothecaries for rolling a mass of pills. 
The oval sticks of sealing-wax are cast in moulds, with the above compound in a stiite 
of fusion. Tlio marks of the lines of junction of the mould-box may be afterwards 
removed by holding the sticks over a clear fire, or passing them over a blue gas-flame. 
Marbled sealing-wax is made by mixing two, three, or more coloiurod kinds of it 
wdiile they are in a semi-fluid state. From the viscidity of the several masses, their 
incorporation is left incomplete, so as to produce the appearance of marbling. Gold 
sealing-wax is made simply by stirring gold-coloured micji spangles into the molted 
resins. Wax may be scented by introducing a little essential oil, essence of musk, 
or other perfume. If 1 part of balsam of Peru be melted along with 99 parts of the 
sealing-wax composition, an agreeable fragrance will be exhaled in the act of sealing 
with it. Either lamp-black or ivory-black serves for the colouring-matter of black 
wax. Sealing-wax is often adulterated with rosin ; in which case it runs into thin 
drops at the flame of a candle. 

The following proportions are stated to form good sealing-wax : — 

Bed No. 1. — 4 oz, Venetian turpentine, 6 oz. shelhic, ^ oz. colophony, 1 J oz. cinna- 
bar, &c. 

Bed No, 2. — 4 oz. turpentine, 5^ oz. shellac, 14 oz. colophony, oz. cinnabar, 
magnesia to colour. 

Fine Black. — 4^ oz. Venetian turpentine, 9 oz. shellac, 4 oz. colophony, lamp-black 
mixed with oil of turpentine as much as is required. 

Black. — 4 oz. Venetian turpentine, 8 oz. shellac, 3 oz. colophony, lamp-black, and 
oil of turpentine. 

Yellow.— 2 oz. Venetian turpentine, 4 oz. shellac, oz. colophony, J oz. king’s 
3 'ellow. 

Dark Brown.— ^ oz. Venetian turpentine, oz. shellac, IJ oz. brown English 
earth (ochre). 

Light Brown.— i oz. Venetian turpentine, 72 oz. shellac, 1 on. brown earth, } at* 
cinnabar. 
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Dark Blue. — 3 oz. Venetian turpentine, 7 oz. fine shellac, 1 oz. colophony, 1 oz. 
mineral blue. 

Grem, — 2 oz. Venetian turpentine, 4 oz. shellac, oz. colophony, \ oz. king’s 
yellow, ^ 02 . mountain blue. 

Gold, — 4 oz. Venetian turpentine, 8 oz. shellac, 14 sheets of genuine leaf-gold, i oz. 
bronze, | oz. magnesia with oil of turpentine. 

The folloy'ing has been given as the average composition of 
«ea-water in 100 parts : — Chloride of sodium, 2’60 ; chloride of magnesium, 0*35 ; 
sulphate of magnesia, 0-58 ; carbonates of lime and of magnesia, 0*02 ; sulphate of 
lime, O'Ol. 

Dr. John Davy informs us that carbonate of lime is chiefly found in sea-water 
near the coast. Dr. George Wilson proved the existence of fluorine in the waters of 
the German Ocean, and Foret Lammr obtained it from sea-water collected near 
Copenhagen ; Malaguti and Durocher have detected silver in sea-salt, and Mr. Field 
has shown that the copper sheathing of ships separates silver, in the process of time, 
from the waters of the ocean. 

Lead and copper and some other metals have also been detected in sea-water, and 
in the ashes of some marine plants. Those metals are said to exist in the sea- 
water in the form of chlorides, and to have been probably derived from the native 
sulphides of the metals by the action of the chlorine in the water. 

flSOUTACMB* A process in which mercury, or some of its salts, is employed to 
impart to the fur of animals the property of felting, which they did not jweviously 
possess. See Fur ; Meecuky. 

WnBB imported in 1874 : — 


Clover and Grass 
Cotton 

Flax and Linseed 
Kape « 


256,025 ewts. 
190,549 tons 
1,682,875 qrs. 
289,781 „ 


Value 

588,768/. 

1,514,561/. 

4,678,750/. 

686,719/. 


BBCMIAJt. See Saooee ; Pottery. 

8X&WXTS. Hydrated sulphate of lime. See Alabaster ; Gypsum. 

•SXJIH'JIIFM, from selene, Hhe moon,’ is a chemical element, discovered 

by Berzelius in 1817. It occurs sparingly in combination with several metals, as 
lead, cobalt, copper, and quicksilver, in the Hartz, at Tilkorode; with copper and 
silver (Eukairite) in Sweden, with tellurium and bismuth in Norway, with toll uri urn 
and gold in Transylvania, in several copper and iron pyrites, and with sulphur in 
the volcanic products of the Lipari Islands. Selenium has been found likewise in a 
red sediment which forms upon the bottoms of the lead-chambers in which oil of 
vitriol has been made from a peculiar pyrites, or pyritous sulphur. Tlie extraction 
of selenium from that deposit is a veiy complex process. 

Selenium, after being fused and slowly cooled, appears of a bluish-grey colour, with 
a glistening surface ; but it is a reddish-brown, and of meUillic lustre when quickly 
cooled. It is brittle, not veiy hard, and has little tendency to assume the crys- 
talline state. Selenium is dark red in powder, and transparent, with a ruby cast, 
in thin scales. Its specific gravity is 4*39. It softens at the temperature of 176° 
Fahr., is of a pasty consistency at 212°, becomes liquid at a somewhat higher 
heat, forming in close vessels dark yellow vapours, which condense into black droj)s ; 
but in the air the fumes have a cinnabar-red colour. The atomic weight of selenium 
is 39*7, and its symbol Se, See Watts’s ‘ Dictionary of Chemistry.’ 

BIUbTUW-WATUt. See Soda-Water, and Waters, Mineral. 

HMOIlUia The name given in France to denote the large hard grains of wheat- 
floor retained in the bolting machine after the fine flour has been passed through its 
meriies. The best semoule is obtained from the wheat of the southern parts of 
liuzope. With the semoule the fine white Parisian bread called ffrztau is bakctl. 
SkilM millers contrive to produce a great proportion of semoule from the large- 
gmined wheat of Naples and Odessa. 

Granular pwpara^tions of wheat deprived of bran are known in this country as 
SmoUnat 8^ee, and Manna-croup, 

MPTMMUb UVWL This gum is produced from the Acacia Senegal, n tree or 
shrub found in Arabia and the interior of Africa. See Gum. 

BVXA is a pigment prepared from a black juice secreted by certain glands of the 
cuttle-flsh, which the animal ejects to darken the water when it is pursued. One part 
of it is capable of making 1,000 parts of water nearly opaque. All the species of 
this ntoliuse secrete the same juice; but the Sepia officinalis, the 8, loligo, and 
A imieata, are chiefly eou^ht after for making the pigment. The flrst, which 
floonrs abundantly in the Mediterranean, affords most colour ; the sac containing 
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it being extracted, the Juice is to be dried as quickly as possible, because it runs 
rapidly into putrefaction. Though insoluble in water, it is extremely difiusible 
through it, and is very slowly deposited. Caustic alkalis dissolve the sepia, and turn 
it brown ; but in proportion as the alkali becomes carbonated by exposure to air, the 
sepia falls to the bottom of the vessel. Chlorine blanches it slowly. It consists of 
carbon in an extremely-divided state, along with albumin, gelatine, and phosphate 
of lime. 

The dried native sepia is prepared for the painter by first triturating it with a little 
caustic lye, then adding more lye, boiling the liquid for half an hour, filtering, next 
saturating the alkali with an acid, separating the precipitate, washing it with water, 
and finally drying it with a gentle heat. The pigment is of a brown colour, and a 
fine grain. 

(from septum, * a division ’), called anciently Indus Helmontii (the quoits 
of Van Helmont, from their form), are argillo* calcareous concretions intersected l)y 
veins of calc-spar, which, when calcined and ground to powder, form an excellent 
hydraulic cement. 

From the regular arrangement of cracks in soptaria which generally assume pen- 
tagonal forms resembling in appearance the divisions in the shell of a tontoise, they 
have received the common name of ‘ turtle-stones ’ or ‘ fossil tortoises.’ The turtle- 
stones found in the Oxford clay at Weymouth, when cut into slabs and polished, form 
very handsome tables. The number of veins of calc-spar, upon wdiich their beauty 
depends, renders these turtle-stones unfit for forming an hydraulic cement, in conse- 
quence of their furnishing too great a quantity of lime when calcined. Septuria fit 
for furnishing cement are dredged in large quantities in Chichester harbour, and off 
the coast of Hampshire, and are also procured from Harwich, 8heppy, and severtil 
other places. A stratum of septarian stone, forming the Broad Bench on the coast 
of Dorsetshire, affords an excellent cement, and is largely quarried. — H. W. B. 

SSRPSStTXHB is a mineral of the magnesian family, being a hydrated silicate of 
magnesia, composed of silica 43*64, magnesia 43*35, water 13-01 = 100. Its colour 
is either green or a mixture of red and green, seldom of a uniform tint, but generally 
of several shades, itfranged in dotted, striped, and clouded forms. For this reason it has 
received the name of serpentine (or oplmlite, from Gr. o(pi5, aphis, ‘a serpent,’ and Ai'6oy, 
lithos, ‘ stone ’), from the fancied resemblance which it bears to the skin of a serpent, 
both in colour and in its spotted or mottled arrangement. Specific gravity. 2*5 to 2-6. 
It is slightly unctuous to the touch, sectile, and tough, and therefore easily cut into 
ornamental forms. It has been divided into precious or noble serpentine, comprising 
the purer translucent and massive varieties, with a rich olive-green colour ; and common 
serpentine, or the opaque varieties, forming extensive rock masses, like those of the 
Lizard in Cornwall, of Anglesea, Portsoy in Banffshire, Unst and Fetlar in Shetland, 
and Zoblitz in Saxony. 

Serpentine, though so soft as to be scratched by calcareous spar, and to bo turned 
ill the lathe, takes a good polish, and forms a very beautiful ornamental stone. At 
Zoblitz it has long been manufactured into a variety of articles, which find their way 
.'ill over Germany ; and works have been established in Cornwall, whore, by means of 
powerful machinery, it is made into columns, vases, chimney-pieces, and other orna- 
mental articles which have been rather extensively used. The seiq^ontino of Portsoy 
is also a very beautiful stone, and was formerly exported for manufacturing into 
similar objects. The Cornish serpentine and steatite were at one time sent to Bristol 
in considerable quantities, where they were used in the manufacture of carbonate of 
magnesia. — H. W. B. 

SBSAIIIIFM OZXif or Teel Oil, An oil produced from the Srsamum orientalc, 
which yields the seeds known as teel seeds. It is of a peculiarly bland nature. 

8BWZirQ> XHACBZXrBB. The history of these ingenions inventions has been so 
well told by Professor Willis, in his Report on the machinery for woven fabrics of the 
Paris Exhibition, that we do not hesitate to borrow from it. 

At the Paris Exhibition in 1854, fourteen exhibitors came provided with sewing 
machines. They were of different characters, and have been divided by Mr. Willis 
into four classes. 

Under the first class came the machines in which the needle is passed completely 
through the stuff, as in hand-working : ‘ It is so natural, in the first attempts to make 
an automatic imitation of handiwork, that the imitation shall be a slavish one, that we 
need not be surprised to find the earlier machines contrived to grasp a common 
needle, push it through the stuff, and pull it out on the other side.’ 

Thomas Stone and James Henderson, and some others, patented machines of this 
kind, which pi-oved abortive. M. Heilmann exhibited an embroidering machine in 
1834, in which ‘ 150, more or less, of needles are made to work simultaneously, and 
embroider each the same flower or device upon a piece of stuff or silk stretdu^ in a 
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fjmme and gnided by a pentngraph/ Several embroidering machines have been 
iTom time to time inti^uc^. See Embboidebino Machine. 

The eeoond clam of eewing machine was that known as the chain-stitch, or 
*crotehet.' This is wrought by a so-called crotchet-needle, whicli terminates with a 
hwA . ; the needle is grasped by the opposite end, and the hook pushed through the 
stufl^ so as to catch hold of a thread below, and, being then withtown, brings with 
it a small loop of the thread ; the hook of the needle retaining this loop is then re- 
passed throng the stuff at a short distance in advance of the former passage, catches 
a new loop, and is again withdrawn, bringing with it the second loop, which thus 
passes through the Such a series is called chain-stitch, and may be used either 

to connect two pieces together, or as an embroidery stitch, for which it is well 
adapted by its ornamental and braid-like appearance. M. Tliimonnier patented in 
1880 the tot machine of this character. M. Magnin was associated with Thimonnior 
in 1848 in a patent for improvements, and in 1861 it was exhibited in London. 

In 1849 Morey and Johnson patented a sewing machine in this country, in which 
a needle with an eye near the point, perpendicular to the cloth, was combined with a 
hooked instrument parallel to the clom, for effecting the same purpose as the crochet- 
needle. Mr. Singer improved on this, and he introduced a contrivance by which his 
machine forms a kind of knot at every eighth stiteh. 

The third class of sewing machines is wrought by two threads, and, as the stiteh 
produced by them is known in America as the moil-hag stitch, it may Ix) presumed it 
was employed by the makers of that article before the introduction of the machine. 
In the usual mechanical arrangement for its production, a vertical needle, having the 
eye very near the point, is constantly supplied with thread from a bobbin, and is 
carried by a bar, which is capable of an up-and-down motion. The cloth being 
placed below the needle, the latter descends, pierces it, and forms below it a small 
loop, with the thread carried down by its eye. A small shuttle, which has a horizontal 
motion beneath the cloth, is now caused to pass through this loop, carrying with it its 
own thread. The needle rises, but the loop is retained by the shuttle-thread. The 
cloth being next advanced through the space of a stitch, the needle descends again, 
and a fresh loop is made. This process being repeated along the line of the seam, it 
results that the upper thread sends down a loop through such needle-liole, and that 
the lower thread passes through all these loops, and thus secures the work. The first 
machine for producing this stitch was invented l)y Walter Hind, of New York, in 
1834. Several patents for producing tliis stitch have boon obtained. Howe's pntent 
was one of the most practical. Mr. Thomas of London became the possessor of 
Howe’s patent. This was improved, and a new patent obtained in June 184(), 
which was modified in December of that year. This machine has been extensively 
used. This invention, says the patentee, consists in certain novel arrangements of 
machinery, whereby fabrics of warious textures may bo sewn togetlier in such a* 
manner as to produce a firm and lasting seam. By this invention a shuttle, when the 
point of the needle hae entered the cloth or other fabric under operation and formed 
a loop of thread, passes through that loop and leaves a thread on the face of the cloth, 
by wni(di means the needle, when it is withdrawn from the cloth, instead of drawing 
back the thread with it, leaves a tightened loop on the opposite side of the cloth to 
that at which it entered. The fabric then passing forward to the distance of the 
length of the stitch required, is again pierced with the needle, and a stitch is in like 
manner produced. A figure of this machine is shown {fig. 1760), which will be 
understoM from the following description : — 

1. The needle. Place the needle in the slide a, with its flat side towards the shuttle, 
and the grooved side in front. Turn the wheel of the machine round till the line g, on 
the gun-metal slide, is level with the line g on the iron check. Place the eye of the 
needle level with the top of the shuttle-box, and screw the needle fast. 

2. If the eye is above the box when the marks corresix)nd, the needle is too high ; 
if tiie eye cannot be seen, the needle is too low. 

8. Hie needle should pass down the centre of the hole in the shuttle-box ; but if 
it does not» it can be made to do so by bending. 

4. . The needJedhread runs from the top of the reel, througli the rings n, c, and 
throng the eye ti Ihe needle. 

8. The ekmle. *{t is necessary that the firat coil of cotton be wound closely on the 
bobbin, or it will difllcnlt to make it lie side by side like that on ordinary reels. 
The xe^ ahonld not be filled above the brass, and the cotton or silk should be free 
from knots, which sometimes pull the wire out of the shuttle. 

6. Hie thread must run from the under side of the bobbin, round the wire and out 
through bb}fis, Nos. 1, 2, and 3. If the thread is not tight enough, miss No. 8 and 
lit it oome ovt thret^ Nos. 4 or 5, or it may be drawn through five holes. Put 
^limtl^ iii lihe boot, turn the whieii xonfid once, then pull the end of the needle- 



SEWING MACHINES 


763 


tliroad and draw i\p the shuttle-thread through the hole in the plate. Place the 
(‘loth under the .(mover, and the machine is ready for work. The proper time for 
turning the work to sew a corner, &c., is when the spring at the top is lifted off. 


1760 



7. The length of stitcli is regulated by {he screw k at back of machine. 

8. The tightness of the needle-thread is regulated by the screw f. 

9. The tightness of the shuttle-thread is regulated by passing the thread through 
more or less holes. 

11. The quantity of thread pulled off the reel for each stitch is regulated by the 
position of the piece of brass b. The lower the hole at its end, the greater the quan- 
tity pulled off : when the cloth is thick, more thread is used, and the end of the brass 
n should be lowered ; when thin, raisial. It should bo in such a position that the 
trumpet c is drawn nearly down to the pin on the slide when the shuttle passes 
through the loop. 

A patent was obtained by John Thomas Jones, of Glasgow, in February 1859, for 
ii sewing machine presenting many novelties and improvements. Mr. Jones’s patent 
well explains his machine ; wo therefore transfer his description to our pages. 

The machine consists, under one modification, of an open frame, having a platform 
top upon which the sewing or stitching operations are carried on. Beneath this plat- 
form, and near one end of it, is a short transverse horizontal first-motion shaft running 
in bearings in the framing, and carrying a long crank, a connecting rod from which is 
jointed at its opposite end, directly the shuttle-driver or slide-piece, working in a 
horizontal guide recess beneath the opposite or front end of the platform or table. 
The first-motion shaft has also another and shorter crank upon it, the stud-pin of which 
is connected to the pin of the longer crank by an overhanging link piece, provision 
being made for the adjustment of the relative positions of the two cranks as regards 
their sequence of revolution. It is this shorter crank which actuates the needle move- 
ment, the pin being entered into a differentially slotted or operated cam piece, forming 
the pendent lower end of a bent lever, working on a stud-centre, in the interior of the 
overhead bracket or pillar arm of the framing. The centre on which this lever works 
is in the horizontfil part of the overhead bracket arm, and its opposite or free-working 
end has a rectangular slot in it to embrace a rectangular block of metal working 
freely upon a lateral centre-stud upon the vertical needle-carrying bar. In this way 
the needle has imparted to it a differential reciprcK?atory vertical movement, the 
pc^culiar connection of the needle bar with the actuating lever having the effect of 
marking the needle in the most accurate manner, and preventing jarring and wear. 
These are the whole of the primary movements for working the stitches, which may 
be of various kinds, as made up from the combined action of the needle and shuttle, 
or thread-carrier; the form of the slotted piece or operated cam in the end of the 
needle lever, being variable to suit any required peculiarity of needle movement, the 
main elements of which are a direct up-and-down motion without a stop or rest, until 
at the termination of the down stroke, when a short rise takes place, succeeded by a 
rest to allow of the due looping and stitching of the thread. The feed of the febsie to 
be sewed is effected by the operation of a short vertical lever piece with a cranked 
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and slotted lower end, whoro it is set on a fixed stud in the framing. This feed>lerer 
has a ronfihened or toothed upper end, the teeth or asperities heii^ set or inclined in 
the direction of the fabric^s traverse. After each stitching action, the feed-lever being 
lowered just beneath the operating level, is raised up so as to press firmly against the 
under side of the fabric, and nip it between the stationaiy spring pressed above. 
This elevation of the roughenecf face is eflFectcd by the traverse of the shuttle- 
carrier, which at its back stroke comes against the inclined tail of a short horizontal 
lever set on a stud in the framing, and having its opposite bent end bearing against 
the lower end of the feed lever, at the part where it is carried by its slot upon the 
holding stud. At the commencement of the return of the shuttle, an inclined piece 
upon the shuttle-carrier bears against a lateral stud uxx>n one end of a short rocldng 
or oscillatory shaft set in bearings in the framing, the other end of the shaft having a 
lever arm baring against the side of the feed -lever. In this way the feed -lever is tra- 
versed forward in its elevated position, carrying forward the fabric for the succeeding 
stitch. The adjustment of the spring presscr is effected by an upper screw in the end of 
the bracket arm of the framing, the lower end of the screw benri ng upon a lateral pressing 
piece which rests or abuts on tlie top end of a flattened helical spring upon the prt'sser 
bar. The latter can be set up clear out of work by means of a small cam lever set on a 
stud in the stationary guide of the presser bar, tlio cam liearing against a lateral stud in 
the bar, so that by setting the lover up or down, the cam is correspondingly turned, 
and the lever set up or down, as required. The actual pressing or resisting foot of tlie 
bar is a bent piece of metal screwed on to the bar, and being thus removable to allow 
of various forms of feet guides, or presser surface pieces, being put on to suit varieties 
of forms of stitching. 

This machine, or a modification of it, is available for working a duplex, or other 
stitching action without involving further modification of the prime movers. In 
working a duplex arrangement, two needles and two shuttles are used, each needle 
and shuttle working independently, so as to allow of sewing in two different and in- 
dependent linos with one set of actuating parts. To aid the sliuttle action there is 
attached to its side a flat curved blade spring, one end of which is free, but hooked 
into a hole in the body of tlie shuttle. Thus, ns llie shuttle traverses forward, the 
sowing thread is drawn beneatli the hooked end jxirtiou of the spring, so as to ho 
nipped against the shuttle. The thtead is thus held, and the proper loop is secured 
at the part immediately outside the lupped portion. With tliis arrangement tlie 
peedle can never work on the wrong side of the shuttlo-tliroud. Provision is also 
made for securing an independent shuttle-thread controller. This is a nipjier or 
retainer worked from any convenient part of the mechanism, but entirely indepenilent 
of the shuttle movement. This may be aiTanged in various ways, tlie object being 
the variable and eflScient control or retention of the thread, witJiout interfering in 
any way with the fixed and determined action of the shuttle. Instead of fixing a 
horizontal shuttle race ,or guide track, in the framing, the shuttle-driver is itself 
made the race or carrier, so as to secure both oflaecs in one detail or arrangement. 
A hook or finger, actuated by any convenient part of the movement, is also used 
for retaining the needle thread for any desired time after being passed through the 
fabric ; this facilitates the movement or action of the needle bar. The shuttle race, 
when one is used, is m^e quite independent of the machine, so that it can be changed 
at any time to suit various-sized shuttles by merely slipping in or tiiking out the part. 
The portion of the framing carrying the shuttle race is cast in one piece with the 
main body of the platform, but the teble or plate on which the stitcliing takes place 
is a loose piece slotted down the middle for the working movements, and fitted into 
its position by pins cast upon it, and entered into corresponding recesses in the main 
base. 

There exists a fourth class of sewing machines, which produce more complex 
stitches than the preceding. These are formed by sewing two threads, which mutually 
interlace each other in Siain-stitch, so as to avoid the unravelling to which the 
simple chain-stitch is subject, and also are intended to meet an objection which is 
urged against the shuttle-stitch machines, on the ground tliat, as the shuttle must bo 
to enable it to pass through the loop formed by the needle thread, so the bob- 
bin carried by the shuttle can only obtain a moderate length of thread. • Thus the 
operatioa is stopped at short intervals to supply fresh bobbins to the shuttle. Several 
patents have bwn obtained for compound chain-stitch machines : two in America, in 
1861 and 1862, by Grover and Baker; another in 1852 by Avery; and another by 
H. Jonmanx Lo Blond. 

In Sng^laxid, as in France, all the most promising American patents have been re- 
patented* and the use of the machine is rapidly extending itself. The sewing machine 
m acipidi^M a position, and shown itself to be so useful, as to deserve 

11^ lime aid attention of able mechanists. It is now made in a considerable variety 
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of forms to suit it to the various purposes which it is now applied. We find it 
in almost every large manufactory; and in nearly every family, the hand-sewing 
machine has its place. 

8BABBOCX. The fruit of the Citrua decumana, which is much cultivated in the 
West Indies. It is sold in this country as the ‘ Porhidden Fruit.’ 

8BJLBT, in mining, signifies a perpendicular or slightly-inclined pit. See 
Mining . 

8KAOBSBir. ( Chagrin, Fr. ; Schagrin, Ger.) The true oriental shagreen is essen- 
tially different from all modifications of leather and parchment. It approaches the 
latter somewhat, indeed, in its nature, since it consists of a dried skin, not combined 
with any tanning or foreign matter whatever. Its distinguishing characteristic is 
having the grain or hair side covered over with small rough round specks or 
granulations. 

It is prepared from the skins of horses, wild asses, and camels ; of strips cut along 
the chine, from the nock towards the tail, apparently becniise this stronger and 
thicker portion of the skin is best adapted to the operations about to be described. 
These fillets are to bo steeped in water till the epidermis becomes loose, and the hairs 
easily come away by the roots ; after whicli they are to be stretched upon a board, 
and dressed with the currier’s fleshing-knife. They must be kept continually moist, 
and extended by cords attached to their edges, with the fiesh-side uppermost upon 
the board. Each strip now resembles a wet bladder, and is to l)o stretched in an 
open square wooden frame by means of strings tied to its edges, till it bo as smooth 
and tense as a drum-head. For this purpose it must be moistened and extended from 
time to time in the frame. 

The grain or hair-side of the moist strip of skin must next bo sprinkled over 
with a kind of seed called Allahnta, which are to bo forced into its surface either 
by tramping with the feet, or with a simple press, a piece of felt or other thick 
stuff being laid upon the seeds. The seeds belong probably to the Chenojwdium 
albums They are lenticular, hard, of a shining black colour, fiirinaceous within, 
about the size of a poppy-seed, and are sometimes used to represent the eyes in wax 
figures. 

The skin is exposed to dry in the shade, with the seeds indented into its surface ; 
after which it is freed from them by shaking it, and beating upon its other side with 
a stick. The outside will be then homy, and pitted with small hollows corresponding 
to the shape and number of the seeds. 

In order to make the next process intelligible, we must advert to anothtjr analogous 
and well-known operation. When we make impressions in fine-grained dry wood 
with steel punches or letters of any kind, then plane away the w'ood till w^e come to 
the level of the bottom of these impressions, and afterwards steep the wood in water, 
the condensed or punched points w’ill swell above the surface, and place the letters in 
relief. Snuff-boxes have been sometimes marked witli prominent figures in this way. 
Now shagreen is treated in a similar manner. 

The strip of skin is stretched in an inclined plane, with its upper edge attached to 
hooks and its under one loaded with weights, in which position it is thinned off with a 
proper semi-lunar knife, but not so much as to touch the bottom of the seed-pits or 
depressions. By maceration in w'ater, the skin is then made to swell, and the pits 
become prominent over the surface which had been shaved. The swelling is com- 
pleted by steeping the strips in a warm solution of soda, after which they are cleansed 
by the action of salt-brine, and then dyed. 

In the East the following processes are pursued. Entirely white shagreen is 
obt-ained by imbuing the skin with a solution of alum, covering it with the dough 
made with Turkey w'heat, and after a time washing this away with a solution of alum. 
The strips are now rubbed vntli grease or suet, to diminish their rigidity, then worked 
carefully in hot water, curried with a blunt knife, and afterwards dried. They are 
dyed red with decoction of cochineal or kermes, and green witii fine copper-filings 
and sal-ammoniac, the solution of this salt being first applied, then the filings l)eing 
strewed upon the skin, which must bo rolled up and loaded witli weights for some 
time ; blue is given with indigo, quicklime, soda, and honey ; and black, with galls 
and copperas. 

Sha^een is also prepared from the skin of the shark. 

8 1f Al i 8 8 AITB MZITBRAB OZB8. ShaU, according to old writers on pet- 
rolop% signifies any i*ock, no matter of what mineral composition, splitting into thin 
laminae, and found in what they termed the secondary and tertiary formations. BcMst 
was the distinguishing appellative of such rocks splitting up in thin layers, found in 
the primitive formations of the same authors. The characteristic features of the in- 
di^ndual rock were usually prefixed. Thus such terms as mica-schist, talc-schist, alum- 
shale, argillo-bituminous shale, &c., originated. But though they are still retained, a 
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wider etxfttigraphieal knowledge has made the two terms synonymous. Maculloch, in 
his * Cla8Bi£ation of Hocks/ has shown that a shale may leave the fissile state to pass 
in the same geological section into the hotiyoidal, mammillary, and even eartliy con- 
ditions. Thm are arenaceous, argillaceous, calcareous, or ferruginous shales, a(^r- 
ding to the nature of tiie parent-rock ; thus, red haematite and the organically-derived 
Tripoli slate may be both included under the generic term. Use in manufi^tures 
has given names to alum-shales, argillo- or calcareo-bituminous, or, better still, oil- 
shales. 

lake petroleum, oil-shales are found in all geological formations, and they appear 
to accompany both it and limestone geognostically. Wherever fossils indicate con- 
ditions of quiet subsidence, and estiiary or lake formation, the observer has come on a 
locality, jsrimd facie, good for the occurrence of either oil -shales or petroleum. Sueh 
conditions in geography appear to have alternated with those of a sudden change to 
deep-sea life throughout all geological time. The Scottish carboniferous system 
appears to have been formed under very favourable circumstances for the production 
of oil-producing materials. The Mountain Limestone, instead of attaining the mag- 
nificent proportions of Derbyshire or Northumberland, is represented usually by six 
thin beds of a few feet thick. The reader, casting his eye on a geological map of 
midland Scotland, will mark how comparatively small a space is occupied by the coal- 
fields proper ; that they are, in fact, surrounded by a large area of beds marked off iii 
the b^ks as the sul^rboniferous or estuarine Burdiehouse-limestone formation. 
This, the area proper of the shales, extends through the counties of Fife, Edinburgh, 
Linlithgow, Lanark, Eenfrew, and Ayr. But the true coal-formation also abounds in 
oil-producing material. Very intimately associated with each individual coal-bed, the 
occurrence of shale above it, and blackband ironstone below it, also an oil-yielder, 
may possibly indicate a different mode of formation from that of the Newcastle field. 
The rich cannels found throughout the Scotch coal-fields proper belong to the category 
of shales rather than coals. 

During the years immediately succeeding the expiry of James Young’s patent, oil- 
works were erected over the area of the Scottish coal-field. But since the continued 
depression of this new industry caused by the large importation of American petroleum, 
many small works have been dismantled ; and the trade is now principally in the 
hands of a few laigo companies, who carry on their operations near West Calder and 
Broxburn, in the immediate neighbourhood of Edinburgh, and in the vicinity of Paisley. 
The amount of material used is still very great. The Addiewell works are alone 
capable of utilising 1,000 tons of shale weekly. So much as 782,000 tons of shale 
have been consumed annually; resulting in the manufacture of about 10,000,000 
gallons of buming-oil, 6,000 tons of paraffin, and about 600 tons of sulphate of 
ammonia. 

The Torbanehill mineral, the substance on which Young worked his patent, is now 
exhausted. But the high price given for it by foreign gas-companies, as well as the 
demand from the same quarters for the ordinary cannels, and for the bastard cannel, 
technically termed ‘ rums,’ which abound throughout the Scotch coal-fields, have placed 
all these substances out of the reach of the oil-maker. The shales of the lower fresh- 
water series were waste products before the advent of this new industry ; but from 
their special chemical nature, they yield an oil more easily brought to the white standard 
in colour of American petroleum than the substances first employed in the manufac- 
ture of crude oil. 

The probable organic origin of a shale or cannel, — The Kimmoridge shale yielded an 
oil which could not be d^orised. So though a newly-discovered Brora shale yields 
as much as 67 gallons to the ton, it may probably be used only for the purposes of 
patent fhel, owing to the phosphorus it contains, derived from the animals w'liose re- 
mains are in part chemically represented by its oleaginous contents. So also of 
abundant flagstone bituminous beds of the Old Bed Sandstone of Orkney and the North 
of Scotland. The same difiSculty has been experienced with the Canadian petroleum ; 
though it is said that in this special material the art of the refiner has overcome the 
disagreeable odour, a 

The dose proximity of coal and shale, often found in one section, is of great 
importance in dlminiiffiing the working expenses of a shale oil-work. Tn Scotland, 
oil-makmw generally also mine their raw piquets. 

What is a Coal) — ^A strict chemical definition of coal or its allies has as yet been 
attempted in rain. Use has hitherto ruled the distinguishing nomenclature of coals. 
From the anthraeite to the cannel, a clear gradation may be traced. But here we 
reacha onee mneh oontested border-land, where the true cannel graduates into the 
shale. !Qte advocates of separation of the celebrated Torbanehill mineral from the 
dass ^ eannd cods mainly oemtested that, nnlike these bodies, after the oil or gas 
}||d la^ fleom theoif it left oo nsefal coke containing an appreciable percentage 
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of fixed carbon ; its sole residuum is a useless mass of clay. The superior character 
of the American petroleum, as well as the high prices ruling for gas material, hare 
caused cannels, lignite, peat, as well as many caking coals, to be disregarded as oil- 
producing materials. At the same time, the technologist should note the physical and 
chemical capabilities of such bodies for producing oils for other than domestic uses. 
Dr. Eveleigh has proposed to manufacture gas from oil distilled first from ordinary 
coal by a special apparatus. Messrs. Odling and Keats, in reporting on tliis process 
for the Patent Gas Company, state that in their experiments, silkstone coal gave 16*4 
gallons of tar and oil per ton ; Clay cross miun, 11*9 gallons; and Pelaw main, 13*9 
gallons : or a mean of 14 gallons. They obtfiined from one ton of coal 9,500 cubic feet 
of 23-candle gas, and from 14 gallons of oil the produce of this 600 cubic feet of 25- 
oindle gas. Though the American oil-wells may be said to have shut up the peat- 
works of the Continent, lignite is distilled there often specially for the extraction of 
paraffin. 

A natural transition from petroleum to shale is exliibited, for instance, in the exten- 
sive gum-beds near Hamilton, Canada West. The viscous asphaltum may be only the 
fluid native naphtha changed by atmospheric oxidation ; and, at least, some beds of 
anthnicite may be only farther steps in the same scries of changes. Attempts to 
extract their proximate constituents from those bodies by solvents have been as fruit- 
less as those made on coals. Indeed, the recent experiments of Berthollet appear to 
show that the various hydrocarbons of coal-tar, and probably those also in crude shale 
oil, do not exist individually in the materials whence those bodies are extracted, but 
depend on different temperatures applied in distillation. By synthesis, Berthollet 
obtained benzine from acetylene ; ethylene :(rom acetylene and hydrogen ; styroleno 
from ethylene and benzine ; and naphthaline from ethylene and styroleno. Inversely, 
by the application of a red heat on toluene, xylene, and cumene, they were decomposed 
into hydrogen, formene, acetylene, ethylene, benzine, toluene, xylene, cumene, styroleno, 
naphthaline, anthracene, and chrysene. The gas-maker notes a strange individuality 
in the yield of special materials. The Newcastle coal-tar abounds in naphthaline ; 
tlie Wigan cannel is specially rich in benzine and carbolic acid. So the oil-maker 
prefers crude tar from the lower carboniferous shales ; specially, l)ecauso they give a 
white odourless burning-oil ; though other crude oils are cheaper, yield more paraffin, 
or may better suit applications to patent fuel, metallurgy, or gas^making. Probably 
more accurate knewlodge of the different effects of lieating in this manufacture may 
enable the oil-maker to extract equally good tar from any oil-yielding material; 
and likewise to obtain in gas-making from shales all the peculiar products of cannel 
coals. 

Oil-shales, like cannel coals, have a yellow-brow’uish streak ; are easily cut with a 
knife ; and often exhibit a subconchoi’dal fracture. The ‘ curloy ’ bands have a black 
glossy external appearance ; and are curiously bent into a series of corrugated foldings. 
They yield most oil ; and are usually mixed with thick seams of poorly oleaginous 
shales. In some parts of Linlithgowshire, these shales are changed into a kind of black 
chalk ; apparently in consequence of the trap rocks. 

are Mineral Oils! — To understand mineral oil-making, it is necessary to 
consult some good table of temperatures, such as Pouillet’s. 

The black heat or low-red heat of oil-making ranges betwixt 500° and 900° R, 
while the full cherry-red or dark-yellow red heats, so necessary in coal-gas manufac- 
tiure, exceed 1000°. Shale-tar floats on the surface of water ; whereas, coal-hir being 
of a higher density, sinks in it. Crude mineral-oil may be as high as 940° in sp. gr ; 
but the shale-tar preferred for oil-making usually ranges from 840** sp. gr. to 890° 

Crude-oil is really a series of oils held together by links destroyed in distillation. 
But the separate oils may be variously utilised, in accordance with their several 
physical and chemical properties. Yet, as they all are hydrocarbons, they cannot take 
the place of oxygenated oils of animal or vegetable origin used l)y painters or soap- 
makers. Mineral turpentine, the only apparent exception, is used by varnish-makers, 
not ffiom its drying properties, but from its speedily evaporating altogether out of the 
paint-solution in which it was mixed. 

Mineral oils in lamps, — ^They were first introduced as illuminants along with the 
now familiar German lamp; and they have largely displaced lamps using other 
ve^table or animal oils fi^m their greater convenience, and from the superior 
brilliancy and cheapness of the light given. Olefiant gas mainly is thus given in the 
remotest hamlet, under circumstances of the easiest management. From the vapori- 
sable nature of the oil, a lamp is supplied surpassing most previous similar contrivances 
in photogenic power. Continued application of ingenious minds has reduced the 
glass nuisance to a minimum, whilst it is now the fault of the purchaser should he 
employ a dangerous oil. Dr. Frankland gives the following results of experiments id 
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the quantities of different bodies necessary tc giro the same amount of light, dis- 
regarding luminosity : — 


Young^s parafiKn oil . 
American petroleum, Ko. 1 
♦» f, No, 2 

Paraffin candles 
Bpermaceti candles . 


Wax 

Stearine 

Tallow 


99 

99 

99 


4-58 litres. 
5*70 

6-88 „ 
8-42 kilos. 
10*37 
11*95 „ 

12-60 „ 
16*30 „ 


Dr, Macadam [‘Eoyal Scottish Society of Arts,’ vol. viii. 1871] compared the 
photogenic power of mineral oil with its animal and vegetable rivals with the follow- 
ing results : — 



Time of 

Candle- 

Cost 

] 

burning 

power 


hours 


il. 

Halfpenny dip or tallow candle . 

3 


X 

Three-farthing „ „ . . . i 

4^^ 

n 

ii 

Penny „ „ . . . 

6 

H 

1 

Composite candle (average) .... 

5.1 

M 

1 

Paraffin candle (average) .... 

4-27 

1-49 

1 

Common flat-wick lamps : 




Sperm oil 

3-59 

1-300 

1 

Kape „ 

6-84 

1-05 

1 

AVhale 

9-5 

•9 

1 

Argand lamps : 




Sperm oil . 

*69 1 

13 

1 

Kape 

1-25 

11-33 

1 

Whale 

1*57 

9-8 

1 


In a cottage-lamp, paraffin-oil at 2s. per gallon burned for 9 hours w'ith a luminosity 
of 6-candle power for a Ic?., and in a parlour-lamp this oil burned for 6 hours, giving 
9-candle power for the same price ; while it burned the same money value in the 
dining-room lamp in 4^ hours giving 12-candle power. 

In setting it against coal-gas, Dr. Macadam assumes the high candle-power given 
by Scotch gas companies, and he takes a moderate price which is not now likely to 
prevail. Assuming gas to sell at Ss. per 1,000 cubic feet, and to have a luminosity of 
28 candles, he finds gas cheaper than paraffin oil, if consumed at No. 3 jet ; but should 
gas cost 6s. 8d. per 1,000 cubic feet, the two illuminating agents are equal. When 
this high candle-power of gas is -withdrawn they are also equivalent in price and 
luminosity. Paraffin oil is as cheap as gas when the latter is consumed at No. 3 jet, 
and its cost is 6s. per 1,000 cubic feet; while its luminosity is 24* 70-candle power; 
or at No. 4 jet when the same-priced gas is of 21*d3-candlo power; or at No. 6 jet 
when it is only 20-candle power. 

Silber proposes to bum oils in rooms from permanent pendants, just as we do gas ; 
and with special contrivances for the purpose has attained very marked results. 
[‘ Journal of the Society of Arts,’ vol. xix. p. 88.] Using petroleum of sp. gr. 795 ho 
obtained an illuminating power perhaps 20 per cent, greater than the London 
ooal-gas, which is given to the consumer at from 12 to 15 candles; though witli 
gas at 8e. 9d. per 1,-000 cubic feet the cost of petroleum was 10 to 20 per cent, 
greater than the gas. But by an alteration in the argand the illuminating power was 
increased firom ^ to 60 per cent, more than at first. So though colza lamp costs five 
dmea as much as the gas ; Valentin’s experiments ^ve with Silber’s lamp a liglit 

S uivalent to a saving of 600 cent. Mr. Silber is now adapting his lamp to use 
e . heavier and safer mineral oils. See SixasB Light. 

cf mineral oils in gas-making , — ^It has been proposed to use mineral oils in gas- 
maldagmther nayhtKalising the p(^ gas made from ordinary coal, or by the con- 
veiston of the my hydrocarbons into permanent gas. 

L Beandftd reeults have been obtained by passing the gas through oils, whether of 
heatieo^ or lighter specific gravity. The objecdonB of smell, and the tendency of oil 
to ntnm to its <n?iginal stale, have militated against the extensive use of this method 
in defBMSiae dvckn. It appem generally necessary that the carburetter be as close aa 
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possible to the gas-jet. A modified carburetter has been successfully employed close 
to the burner on the Edinburgh street lamps. 

2. Tlio conversion of oil into a peraianent gas long baffled inventors. The fact, too, 
that when oil w’as so decomposed it usually deposited much of its carbon as coko on 
the sides of the retort, was a standing difficulty. Many modifications of water-gas, 
to be introduced so as again to take up this carbon, and also to supply cheaply an 
additional volume of gas, were usually proposed. ^ The patent records contain many 
fruitless schemes ; but Messrs, Keats and Odling report that by Dr. Evoleigh’s 
process, worked out by the Patent Gas Company, a permanent gas has been formed 
singularly free from impurities, and of 25-candlo lighting power. The present 
position of gaswork economics do not, according to these gentlemen, warrant the hope 
that the process will be extensively used in large cities, but it may be available in 
the country and abroad. 

The rising value of ctinnel coals has induced gas-makers to inquire whether mineral 
oils might be used as sources of auxiliary supply in ordinary gas retorts, whether 
admitted sc, or made into a patent-fuel composition. Mr. Cussiter, of Dalkeith, 
when introducing oil alone into a retort, obtained in one experiment 15,904 cubic feet, 
and in another 18,600 cubic feet, with respective illuminating powers of 38'5 and 
23’55 candles. The illuminating power in another experiment was only 12 candles, 
but the yield increased to 28,300 cubic feet. When 30 gallons~or 284 lbs. — of oil 
were mixed with splint coal in a clay retort, the yield was increased from 10,000 to 
12,500 cubic feet, and the illuminating power from 14 candles to 25*89 candles. 
When 42 gallons of oil were used with 1 ton of coal, 13,140 cubic feet of 28-59-candlo 
gas were obtained. 

As we have already seen, shale is very widely distributed throughout the geological 
formations ; and shale, which is useless for oil-making from poorness of yield and 
probable organic origin, may be used for gas-making. Specially should the gaswork 
be planted w'here the shale is mined, and the manufacture led in by pipes to the town 
where it is to be used. During the winter of 1872 many Scotch gas companies used 
ordinary oil-shale brought into their works from a distance. 

Paraffin and petroleum residues have been utilised in small gasworks supplying 
railway-stations or private residences in Germany. The stuff is pumped up by 
clock-work into a retort capable of making 200 cubic feet of gas in an hour, which 
contains only 0*69 per cent, of impurities in the hundred parts. The giis consists 
chiefly of acetylene ; and it is burned from jets consuming per hour from a ^ of 
a cubic foot to 2 cubic feet ; but 200 cubic feet of this gas equal 1,000 cubic feet of 
coal-gas. Convenience rather than cost of material instigates the erection of such 
w’orks. 

Petroleum has been successfully employed in small towns and villages of Canada 
and the United States for gas-making. The method usually adopted is to mix its 
vapours with that of water passing over red-hot charcoal or iron. Youlo, Hind, and 
Thomson found 10 cubic meters of the g*.is equal in intensity and cheapness to 40 
cubic meters of coal-gas. Besides, the manufacture consumes much less time. See 
Naphtha. 

Mineral oils as liquid fuel . — The proposal to use such oils for raising steam excited 
great interest when first proposed. Many contrivances were patented and experiments 
undertaken, though without the happy issue anticipated. The following resume of 
our knowledge on this subject is mainly derived from the evidence of Dr. B. Paul 
given before the Eoyal Commission on Coal Supply. 

The materials which have been suggested as fuel are : Petroleum in a crude state, 
with a specific gravity from 800° to 860° ; crude paraffin oil of sp. gr. 860° to 900° ; 
heavy oils, the waste products from the distillery known as ‘ bottoms,’ ‘ foots,’ &c. ; 
dead oil, or creasote of coal-tar distiller, sp. gr. 1050°, All these substances are much 
more highly inflammable than coal. Crude peti'oleum and paraffin-oil stand at tha 
top of the list in this respect ; dead oil at the foot. 



Weight of 1 cubic foot 

Yolnmo of 1 ton 


lbs. 

oubiofeet 

Crude petroleum . , , | 

from 49*8 
to 53*5 

44*97 to 

41*86 

Crude paraffin-oil 

63*5 

41*86 

Heavy oil from either . . [ 

56*0 

40*00 

Coal . . / 

from 52*0 

43*07 


to 60*0 . 

37*33 


Von- Tir Q r> 



770 SHALES AND MINERAL OILS 


The next table ehowa the calorific power and evaporative efficacy of liquid fuel as 
compared with coal. 


Vorlpoondof 

Total quantity 
of heat generate 

Quantity of heat 
available for 
producing steam 

Quantity of 
water heated 
from CO® to 
212° F., and con- 
verted into steam 
at 212° F. 

Temperatnre of 
flue or flame 


heat units 

heat units 

lbs. 

0 

Crude petroleum . 

20,000 

16,847* 

15 

4646 

Crude mineral oil 

20,000 

16,847* 

15 

4646 

Heavy oil from either , 

20,000 

16,847* 

15 

4646 

Dead oil or creasote 

16,628 

14,667* 

13 

4495 


from 13,890 

10,0002 

8-95 

2500 

voai • • • ^ 

to 14,833 

10,817 

9.673 



Thus oils may effect a saving of from 35 to 40 per cent, of the space occupied by a 
coal of equal steam-producing power. Not only would more sp^e be available for 
cargo, but also fewer hands would bo required. And in war-ships, steam would be 
more quickly raised ; they could sail without smoke, and could keep to sea for a longer 
time. But against this, most of the oils proposed to bo employed give off vapours 
even in the cold ; and these, when mixed in certain proportions with the atmosphere 
are violently explosive. Then relative price must always be a great stumbling-block 
in the intr^uction of this new agency; when coal rises to ()l. or 6/. per ton the 
average prices of crude mineral oil or petroleum, the question will bo a practicable 
one. Improvements in retorts, cheapening the cost of crude mineral oil, will also 
obviate this difficulty. [See Pahaffin.I Croasote, estimated as worth 22s. per ton, 
has been advantageously used as a liquid fuel. 

To use liquid fuel effectively, perfect combustion immediately under the steam- 
boiler must be obtained, so that smoke is prevented and the full heat or evaporative 
capacity of the fuel realised. The best coal-oils rarely contain more than 30 per cent, 
of volatile matter ; but in those most suitable for steam fuel the quantity is very much 
less. 

Richardson’s method of applying liquid fuel was tested at the Woolwich Dockyard 
on July 6, 1866, under the supervision of Mr. Lloyd, engineer-in-chief of the Navy. 
The rationale of this plan is to employ steam-jets with the application of liquid fuel 
below the steam-boiler. In tliese trials much smoke was produced, and the tubes of 
the boiler rendered very foul by deposition of sf>ot in them. The average results gave 
an evaporation of 13'2 lbs. of water per 1 lb. of oil consumed ; the variations ranged 
from 7*14 lbs. to 18'38 lbs, of water; treated from 100° to 212° F. ; and converted 
into steam at 212° F. In the most successful trials the evaporation was very low. 
Now average results have been obtained with coal of an evaporation of 8 lbs, of water 
to 1 lb. of the fuel, and much higher figures are not exceptional. 

In Field’s improved method, the oil flowing from a reservoir is projected into the 
heating furnace below the boiler along with a jet of high-pressure steam, introduced 
in the form of spray. As many as 19 lbs. of evaporative power have been quoted as 
the ftxiSt of this patent, but 13 to 16 lbs. of water evaporated per lb. of oil consumed, 
are likelier figures. 

By Dorsett's patent the oil is first vaporised before entering the heating furnace ; 

^ It If assumed that these oils are burned with only just enough of air for the purposes of combus- 
ttonjimd that the fornaoe-gas is discharged at 600^ F. 

* The ooal is bnmt as usual, with twice the air necessary for combustion. 

• The evaporative duty given in the above and subsequent table is probably higher than that 
aotnaMy obtained on an average in steam-veaels to the extent of 20 per cent. ; the actual duty ob. 
talflod bedng nsnally seven pounds of water converted into steam per lb. of coal. 

Tlie foUoWlag table exhibits the relative efficacy of liquid fuel and coal as steam fuel, in relation to 
the Q)aoe they oooapy xeqMotlvely 


1 enhie foot of 

Quantity of water heated from 00° to 
212° F., and converted into steam at 
212° F. 

Helative steam pro- 
dneiug capability of 
a given bulk of fuel 


cubic feet 
from 11*95 to 12*85 
„ 12*84 „ l.S-44 
„ 12*84 „ 18*44 

about 18*60 
from 7*48 to 8*G4 

1*58 *91 

1*68 *96 

1*68 *96 

1*68 1*00 

1*00 *59 
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and while it is being burned under the boiler, the elastic force of heated vapour is 
made to produce a blast of air so as to ensure perfect combustion. This was first 
applied in a coal-tar distillei^* The time for running a charge of tar through the 
stills was thus reduced from 24 to 12 hours. And the stills so fired do not require so 
frequent repairs as those worked with coal.^ Indeed, such applications of heavy 
oil appear to be very economical. In Mr. Miller’s Works, Rumf^ord Street, Glasgow, 
a con of dead oil, valued at Id. or 2d. per gallon, appears to do the work of 1 J ton of 
coal at least. 

In certain metallurgic operations at Woolwich, about 8 cwts. of liquid fuel were 
found equal in value to a ton of coal. One-fourth or one-fifth of the time occupied 
in heating with coal was saved, and a smaller number of furnaces were required. In 
heating a half-inch plate, 4 or 6 minutes served with liquid fuel in opposition to 
15 or 20 minutes with coal. While a four-inch armour-plate took 3 hours in 
heating with coal, a very much bettor article was completed in 38 minutes with liquid 
fuel. 

The different Mineral Oils. — The nomenclature of mineral oils is very obscure. It 
has partly originated from scientific discoverers ; partly from tar-distillers who have 
boon struck by the similarity of the educts from retorts or stills to those with which 
they have been familiar; and partly from the trade-marks of merchants. Eupiou, 
photogon, kerosene, Cambrian oil, shale oil. Boghead naphtlia, shale-naphtha or oil, 
pjiraffin oil, coal oil, are all .synonymous for the article used in the German lamp. 
Then, again, all oils too high iu sp. gr. to bo used in such lamps wore ranked as 
lubricating. But recent improvements in lamps for burning those heavy oils have 
caused the intermediate oils, betwixt 830° and 880°, to be sub-classed as lamp oils, 
lighthouse oils, railway- carriage oils, according to their several specific gravities. 
Blue oils or green oils are the refiner’s terms for certain of his intermediate products 
wliich used to bo in demand by grease-makers or printing-ink manufacturers. Ho 
describes other bye-products, as soda-tar and acid-tar ; but w'e are in ignorance as to 
the true chemical nature of those bodies. Hard and soft piraffin correctly enough 
describe the solids sold respectively to the candle- or the lucifer-matdt-maker. 
‘Foots,’ ‘bottoms,’ or such like names, have been borrowed from the tar-distiller to 
signify the refuse products of the stills. ‘ Scales ’ expressively denotes the paraffin 
pressed from the blue oil, to bo subsequently refined. ‘ Naphtha’ incorrectly de.sig- 
nates the first product of the distillation of coal- or shalo-ttr, as the aniline-maker 
cannot find in the latter benzol, the foundation of his specialty. ‘ Coke,’ however, 
truly describes a valuable bye-product obtainable at several stages of mineral-oil 
refilling. 

The prefix ‘ paraffin,’ either to the lamp-oil or to mineral machinery-oil, is a mis- 
nomer, as there is none of that substance in either of those bodies. The proximate 
constitiuaits of petroleum are the paraffin series ; but mineral oils only contain jlth 
or Jth of these, their chief constituents being the olefiant-gas series. 

8halo-tar, a local designation for crude oil, is correct enough when limited to the 
products of destructive distillation by a low red-heat, of sp. gr. 840° upwards. But a 
tar sinking in water might bo obtained by the application of a bright cherry-red heat 
in distilling shale ; and the converse is true of coal. The following scheme expresses 
to the eye the order of production of the various products ; — 


Yield from distillation of Crude OU obtained from Coal or Bhale^ or from Petrdleim 
got from natural Springs. 


1. Light Oils or Spibits. 

2. Burning Oils, 

3. Heavy Oils. 

Heavy Oils rectified, be- 
sides yielding 2 and 3 
residues. 


} Treated with acids and 
alkalis yield 

1 1. Cbudb Fabaffin. j 
I 2. Blub Oil. 1 


Rectified Spirits or Benzine, 

1. Burning Oil. 

2. Acid Tar Residues. 

3. Soda Tab Residues. 

1. Refined Paraffin. 

2. Machinery Oil. 


Residues may be used for greases, gas-making, patent fuels, &c. Gases may be 
used for heating. 

Except in the case of the crude oil, which is of a dark greenish, viscouB nature, 
analogous to tar, of the intermediate blue and green oils, which are sufficiently desig- 
nated by their appellations, all the liquid products are now made as near water-white 
as possible. A burning oil is reckoned perfect in colour not only when it attains such 
purity, but when it also has the bluish opalescence so characteristic of refined 
petroleum. No doubt refiners here pander to a popular prejudice ; for in ftriving 
after this standard of colour they diminish the burning qualities of their oils. 
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The merit of the common German lamp, Trbose introduction rendered these oils 
Oapable of domestic use, is in the introduction of so much air as thoroughly to con- 
sume the vexj great amount of carbon disengaged in their combustion. The sp. gr. 830° 
appears to indicate the highest number, in weight of the oil, capable of being con- 
sumed with comfort in such lamps. But inventors, such as Doty and Silber, have 
striven with some success to utilise the intermediate oils up to 888°, the recognised 
standard of superior mineral machinery-oil. All such oils possess higher luminosity 
and safety. ^ The varied lamps for these purposes dilFer from the one used for common 
burning oil in admitting more air, so as to counteract the soot caused by the greater 
amount of carbon disengaged ; and in adapting the shape of the lamp and the wicks, 
so as to cause those heavier oils easily to ascend them. The refiner is content to give 
all such higher oils a lemon-straw colour. So, in a very general way, it may be said 
that specific gravity and flash-point are the distinguisMng features of the different 
products of destructive distillation at a low red heat. The relative figures of the 
hydrometer only may be taken as distinctive approximations of these different oils. 



Specific gravity 

Flash-point 


o 

®rahr. 

Crude oil • • • • 

860 to 890 

76 

Mineral spirit 

740 „ 800 

68 to 75 

Burning oil . 

810 „ 825 

115 „ 125 

Intermediate 

830 „ 840 

293 

„ railway lamps . 

850 


Lubricating «... 

888 to 890 

320 


Luhricaiing Oils, — Dr, Wallace reports that in nine experiments on lubricating oils 
there was a vaiying specific gravity from 881° to 900° ; and the flash-points ran from 
293° to 388° Fahr. In seven experiments the flash-point was over 300° Fahr. As 
with the lighter oils, specific gravity is no a priori test of safety. Tlie highest specific 
gravity amongst the samples 900° had the comparatively low flash-point 309° : another 
sample 20° in sp. gr. below this was only minus 1° Fahr. in flash-point; whilst 
another sample, 10° in sp. gr., below the first was 19° Fahr. in flash-point above it. 
The following are the specifle gravities and flash-points of some well-known fatty 
oils ; — 



S. G. 

F.-P. 



® Fahr. 

Whale oil (best) . 

. . . , 923 

492 

Cloth oil (wool oil) 

. 917 

320 

Olive oil 

. 917 

420 

„ (genuine) 

. 920 

600 

Rapeseed oil . 

. 913 

440 

Lard oil 

. 914 

560 

Tallow oil 

. 916 

490 


Mr, GellaUey's experiments on cotton-waste steeped in various oils (‘British Asso- 
ciation Report, 1872’) appear to show that where a liability to high heats exists in 
using machines, mineral oils are safer than the older ones. Manufacturers are pain- 
fully aware of the liability to spontaneous ignition of cotton-waste which has been 
soaked with such a rapid oxidisor as linseed oil. Again, at a particular stage of 
Calico-printing with 'Turkey-red, the batch is saturated with olive oil ; and it cannot 
be allowed to lie for more than an hour without danger of spontaneous ignition. 

For a discussion of the firing-points of burning oils, and their relative dangers, see 
Naphtha, 

Preparation of Crude Oil . — Whep beginning the manufacture near, Bathgate, Mr. 
Young used.Tojpbanehill mipeyal as his raw material, though he was previously aware 
that any canuel would equally have served his purpose. But by the competition of gas- 
makers they have withdrawn all such bituminous substances from the oil-makor’s 
toazket (see Pabappin) ; and even shale is now subject to a similar rival element. Shale 
is distilled in either horizontal or vertical retorts of cast iron. The charge of the 
horisoBtal retort is made in cither the twelve or twenty-four hours, and varies from 
fi to 12 ewts. Vertical retorts hold about a ton of shale, but are continuous ; the 
chai|[e is fed through a hopper at the top, and drawn out at the foot when exhausted, 
abbve a ttay fiUea with water. Machinery has been introduced in some Scotch 
Ipoxks for fiUhig and discharging the starts. With horizontal retorts it is not re- 
qiUAto tolimak the ehale into small pieces the size of a hen’s egg as specified by 
Youms, A ftotto^hncAer usually effects this for the vertical retorts. Scotch 
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makers reckon steam as an indispeniwble adjunct in the distillation of crude oils. 
Experience has proved Torbanehill mineral to give 120 gallons per ton with steam, 
and only 00 gallons without it. Shale yields 40 gallons with steam, and 30 gallons 
without it. The difference in 3 deld of finished products is 70 to 76 per cent, of tho 
two crude oils respectively manufactured. In vertical crude the proportion of mineral 
spirits and burning oil is less than in horizontal, but 3 per cent, more paraffin is 
obtained. 

Purification of the CruJ£ Oil. — The crude oil issues as vapour into tho. condensers ; 
it pours out at their extremity, as a mixed liquid of oil and water, into the separator. 
This is a wooden cylinder, 4 feet high and 3 feet broad. Through this barrel an 
iron syphon passes ; this emerges at tlio side, a few inches from the top, and termi- 
nates about 8 inches from the bottom. Tho ammonia-water soon sinks under the 
crude oil, with which it is mixed on entering, by its higher specific gravity ; whence 
it is drawn off by the above syphon. Almost at the top of tho separator is another 
aperture, to servo as an educt for the crude oil. 

Tho ammonia-water is next converted by the usual manufacturing methods of stills 
and evaporating-pans, into sulphate of ammonia. Some shales yield 8 to 10 lbs. of 
the sulphate per ton, whilst others give as much as 16 lbs. to tho ton. 

Tho crude oil is now transferred to the refinery by one of the series of underground 
pipes, in connection with tho centrifugal pump worked by steam which now forms so 
integral a part in tho economy of the establishment. The oil refinery, with Uinks in 
which centrifugal revolving-stirrers, often only 2 feet in diameter, move by steam in 
iron vessels 10 feet in diameter, and a^tate tho oil with either sulphuric acid or soda. 
About 200 revolutions are made in a minute, and so a quart er-of-an -hour’s agitation 
of the oil serves, instead of tho night’s work of early refining. There are also settling 
tanks, and a series of iron-pipes, which connects the oil with tho stills outside, intro- 
duces the vitriol and soda used in purifying, or removes tho vitriol and soda tjirs from 
tho treated oils ; all are subordinated to the main steam-pump. Indeed, throughout 
the varied processes the steam-engine as much as possible supplants more manual 
toil ; intelligent superintendence being only required from the fow artizans on tho 
establishment. The paraffin-house is usually distinct from tho oil-rofinery ; it may 
contain only presses for making * scales,’ or the varied apparatus for tho manufacture 
of refined paraffin. In either case, if the esttiblishment is large it is associated with 
cooling-drums and an ice-machine, all of which, along with the presses, are worked 
by steam-power. In many large refineries the mineral spirits are refined in a sepa- 
rate building in connection with the paraffin-house. This is for greater safety from 
fire, which is sedulously guarded against by the adoption of iron doors, roofing, pro- 
hibition of smoking, use of covered lights, and such like appliances, throughout tho 
entire establishment. 

The following is a diagrammatic sketch of the various distillations of crude oil in its 
manufacture into burning oil : — 

Cbttde Oil from Separator. 

FIRST mSTILLATIOX. 

Once-run oil. Coke in Bottom of Still. 

20° lower in sp. gr. than crude. 7 per cent, of oil converted into this, used 

as fuel, or drawn off as tar for patent 
fuel. 

First Washing, Second Washing. 

6 per cent, brown vitriol, sp. gr. 1*745. 4 per cent, caustic soda, sp. gr. 1*300. 

May stand over a night in tank. Stirred for an hour. 

SECOND DISTILLATION. 

TJdrd Washing. Fourth Washing. 

1 per cent, ordinary commercial vitriol. 2 per cent, caustic soda, sp. gr. 1*300. 

THIRD DISTILLATION. 

Fifth Washing. Sixth Washing. 

1 per cent, ordinary commercial vitriol. ^ per cent, caustic soda, sp. gr. 1*300. 

Product. — Ordinary burning oil. 

FOI/RTU DISTILLATION. 

Seventh Washing, Eighth Washing, 

2 to 3 per cent, commercial vitriol. With very dilute caustic soda. 

This last product, termed white horse oil, is sold in competition with the AmesicaA 
petroleum. 
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OMt-iron stilU are atill preferred by some for the first distillation ; but the subse- 
qvieiit ones are eaually performed in large malleable iron boilers of about 4,000 gallons 

Mineral 8mrits * — Much care is requisite in separating oils which issue 
from the stills of stL<m varied specific gravities. Were the light mineral spirit, or 
* aa^htha * of the works, to enter largely into either the burning, or at all into the 
lubncating oil, then would perish their reputation for safety. 

The na]^tha is first sent over by steam from the boiler, containing oil in the second 
stage of distillation. After being treated with J per cent of sulphuric acid, and ncu- 
telised with alkali, it is distilled again, by steam this time, at 13 lbs. to the square 
inch, and conducted by pipes down the sides of the still filled with naphtha, but 
^ying freely into it through punctures in the pipes covering the bottom. The liquid 
IS now ready for use in the paraflin-liouse, or for the special purposes to which it has 
been applied in various arts. 

The Ixparating-house and Pressure-stills. — AtAddiewcll the content, s of all the stills 
are conducted into a separating-house, containing 15 separators, lojiding to as many 
tanks outside. Here a man, by the aid of hydrometers, sends the oils into these varied 
receptacles, according to their specific gravities. Until lately burning and lubricating 
oils were the two marketable products, and the question rose, How to utilise the great 
quantity of intermediates ? As a result of elaborate laboratory experiments, the appli- 
cation of pressure to oils was found to diminish their gravity ; so pressure-stills have 
■ been introduced. A pressure of 15 lbs. on the square inch diminishes the specific 
gravity 30®. Thus intermediate oils can readily be converted into burning oil. 
Large malleable iron stills, with pressure-gauges and loaded safety-valves, witli like- 
wise a valve at the neck of the still, are employed for this purpose. The pressure on 
the oil -vapours themselves answers ; hence when the still is put in action the valve is 
turned on at the nock, and the fires beneath well stoked till the pressure required is 
indicated on the gauge, when the oil-vapours arc* allowed to flow into the condenser. 

Messrs. Henderson and Cooke have been able to dispense, at Oakbank, with the 
tedious process of settling and its multitudinous tanks, l)y simply agitating the oil, 
after it has come from the soda stirring-tank, with ground-glass or fuller’s earth. This 
process is patented. 

Preparation of Lubricating Oil and Paraffin. — The blue oils with paraffin scales are 
separated from the burning oil in the refinery after its treatment succeeding the second 
distillation, and pumped up into a tank on the roof of the paraffin-refinery. It is then 
sent through Henderson’s cooling-drum, where the scale-paraffin crystallises out from 
the slobbery liquid. It is now subjected in canvas bags to two hydraulic pressures, 
whence commercial ‘scales’ are obtained, and heavy oil containing soft paraffin ; this 
again is separated by ingress into another cooling-drum, where it meets a brine-solu- 
tion of 22® OT 24® Fahr., from Kirk’s ice-machine. The soft paraffin is thus tliorouglily 
taken out of its containing-liquid, which is now to be made into lubricating oil. It is 
subjected to a — 

First Washing, Second Washing. 

2 per cent, of vitriol. Strength as before. 1 per cent, caustic soda. 

Distillation. 

Third Washing, Fourth Washing. 

3 ]Mr cent, of vitriol, 1 per cent caustic soda. 

It is then finished, though it is sometimes again distilled. 

Fbepabation of Befin£d Fasaffin FBost Scale. 

First Washing, First Cooling in Drum. 

Jrd per cent, of its volnme of hot naphtha. 

FIBST DBESSIKO. 

Seco7id Coding in Drum* 

SBCOITD FBBSSIKti. 

Third Cooling in Drum, 

THIBD FfiESSlKO. 

BoiW IpftSi hons-Uack injacketted steam-bath, 

Twdlftk ^imd ikraugk Swedish tlatUng -paper in a steam-jacketted filter^ and run 
iedo irttgti 

hi boiled in a je/okeltod steam-stSlt to as to expel all odour 
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According to the price of candle wanted, the tenth process may succeed either the firsts 
second, or third pressing. 

From the washings which flow from the paraffin when under hydraulic pressure, 
soft paraffin, much used in lucifer-match-making, and burning oil, or spirits, for ro-uso 
in the process, are recoA'ered. The spirits used must not bo too light ; those having a 
specific gravity of 745° were once used at Addiewell, but strong electric sparks were 
omitted from the cooling-drums ; and hence there was constant liability to fires. A 
specific gravity of 765° may be safely used. For a new way of manufacturing this 
beautiful material, see the article Paraffin. 

Kirk's Refrigerator^ invented to meet Mr. Young’s necessities in this manufacture, 
works on the principle that just as force is exerted air lo.sos heat. By a series of 
pistons and plungers air is expanded, and then rarefied. During this rarefaction so 
much heat is extracted that a cold current, sufficient to form ice, is produced. Such 
machines are made to make 1 to 4 tons in the 24 hours. In the paraffin-refinery a 
solution of common salt in water receives the cold current ; this is more easily mani- 
pulated than ice. 

Henderson's Cooling-drum (Spec., a.d. 1870, No. 3310) is now preferred to that of 
Kirk. It is the instrument by which tho cold current is applied to the paraffin, 
either in separating it from the lubricating oil or before bagging. 

Most refineries recover the caustic soda from the socla-tiir by the usual methods 
pursued in that manufacture. At Oakbank Works Mr. Henderson has an ingenious 
plan by which he first separates the vitriol used in washing tho oils from the tars, to 
re-transfer it for use in manufacturing sulphate of ammonia. The now neutral tar is 
conducted by a pipe, within which is another containing steam, to tho still-furnaces, 
and burned as fuel. It is first projected on a hearth above tho ordinary furnaces 
where it is coked, and then allowed to fall down into tho ordinary furnace. Half of 
the fine oil-stills are thus fired, and all the iivailablo tar is thus used up. The stills 
stand much longer than if they had been heated by ordinary coals. There is thus no 
just cause why oil-refiners should subject themselves to vexatious actions for river 
pollution. — A. T. 

SBAMOV, or SCKAMOX8 XtXSATSXB. See Leather. 

SB Air OB AX OXXi* A good oil obtained in China from the Brassica chinensis* 
See Colza. 

SBAWXi MAXrXTl'AOTirRB. Shawls were originally, and still continue to be 
woven in tho centre of India, from tho fine silky wool of tho Thibet goat ; and tho 
most precious of them still come from Cashmere. Tho wool is beautifully rich and 
soft to tho touch, and is superior to the finest Continental lamb’s-wool. It is also 
divisible into qualities. The source from which this article of apparel has /jprung is 
well known to be tho ancient and beautiful fabric of the valley of Cashmere, where tho 
excellence of the raw material stands unrivalled, although its manufacture has been, 
and still is, carefully prosecuted in many other parts of the world. Tho great beauty 
of tho eastern tissue, considering the rudeness of tho machinery employed, as com- 
pared with that which is now available to tho European manufacturer, is a marvel in 
the eyes of the most experienced. 

The following information, which has been communicated (1874) by a well-known 
London firm, -vrill prove of interest : — 

* The importance of the London public sales of India shawls has greatly diminished 
of late years, owing to tho establishment in Umritzir of agencies of the principal Paris 
shawl-dealers. Shawls are in consequence bought on tho spot by these representatives 
of the Paris firms, and forwarded direct to their principals in Paris, thus escaping the 
London market. We continue to hold public sales twice a year, as usual, in June and 
December ; but unfortunately, they are now for tho reason explained above, shorn of 
much of tlieir former interest and importance by the direct trading between Paris and 
the India shawl-districts ; these French buyers naturally secure all tho more desirable 
shawls, and those which are left, or passed over, are sent to tho London sales. Some few 
years ago, say during the 15 or 20 years preceding 1862-3, tho sales were of consider- 
able magnitude and importance, and used to range in value from lOO.OOOZ. to 140,000^., 
every sale: but after 1863, they rapidly declined, and ceased to be held during the 
Franco-Herman war ; after that epoch we revived the sales, and they continue, but 
their value now is reduced to from 30,000/. to 40,000/. a sale, and contain very few 
rich shawls. 

‘ The highest value of Cashmere shawls is from 100/. to 140/. each, maximum cost, 
and of the good ordinary Cashmere 40/. to 80/. There are no such prices as 10,000 6anei 
for a shawl ; such a price may have existed in bygone days, but not of late years. We 
have in exceptional times (in past years) obtained from 160/. to 220/., per shawl for a 
few long shawls in public sale, but they were shawls of the grandest kind, and sudi as 
it would be impossible to obtain now. Furthermore, the competition among the shawl* 
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dBalen in Paris, Lyons, Bordeaux, &c.,is so groat that they work for close profits, and 
first-class shawls may be bought in Paris or in London for 2,500 to 5,000 francs in 
Paris ; or 100^. to 200Z. here. 

* Fashion is against shawls for the moment, since the introduction of the “ costume ” 
dresses, and they are^ hardly worn ; this necessitates severe holding by the wealthy 
Paris dealera ; we estimate the money value of shawls in the hands of the half-dozen 
le^ing Paris shawl firms, at the present moment at little, if at all, short, of half a 
million Bterling, 

* During the Franco-German war, shawls were hurried over to our care by the Paris 
dealers, for safety, and we received between 300,000/. and 400,000/. worth in this way. 
These were safely lodged at the Dock warehouses, and upon the return of peace, wore 
sent back by us to the various owners in Paris ; there was no pressure to sell them 
during all that time, the shawl-dealers being all wealthy men, and among the first 
merchants in Paris.* 

The manufacture of shawls was first begun in this country, at Norwich, by Mr. 
Barrow and Alderman Watson, in 1784. They copied the Indian stylo, but the pro- 
cess Was very slow, and the result consequently cosUy. Mr. John Harvey, of Norwich, 
followed up the enterprise with Piedmont silk warp and fine worsted shoot ; but the 
designs were darned by hand. It was not until 1805 that a shawl was produced en- 
tirely by the loom at Norwdeh. In Paisley and Edinburgh the manufacture was in- 
troduced about the same time. At Paisley the manufacture is still continued, especi- 
all 3 »' the manufacture of sliawds of the Indian pattern, from real Cashmere w’ool. Iii 
1802, a manufacture of shawls was commenced in Paris, and this led Jacquard to the 
invention of his loom (see Jacquabd Loom), with which now all kinds of shawls are 
woven. For the mode of manufiicture, the respective articles, Silk, Textile Fabrics, 
and Weaving will be suflSciently descriptive. 

The varieties of shawls produced may be grouped as follow : — 

Woven shawls of India^ or of Indian style, made in Europe. 

Barige shawls, made of wool : an imitation of shawls made in the Pyrenees, by the 
peasantry of a place so called. 

Crape shawls, made of silk, in imitation of the Chinese fabrics. 

Grenadines, made of silk of a peculiar twist 

Levantines and Albanians, made of silk and spun silk, to resemble the scarves worn 
in the Levant and Albania. 

Chenille shawls ; a novel application of silk, frequently combined with cotton. 

Chine shawls ; a printed warp before weaving. 

Woollen shawls ; ordinary kinds. 

Tartan plaids. The manufacture of these appears to be very ancient. In 1570, 
an ancient Scottish manuscript gives a list of the colours of the plaids worn by t he 
(li^&rent clans. In 1747, the weaving of this cli.stiiictivo dress was prohibited by Act 
of Parliament, and the grey shepherd’s mauds were made instead. In 1 782, this Act 
was replied ; but tartans did not become fashionable until the visit of George IW 
to Scotland, m 1822 ; after which, the Stirling fancy plaids began to be made. 
In 1828, clan-tartan shawls became fashionable, and the Galashiels weiivers took up the 
trade. Paisley ^mmenced to weave these shawls about twenty or thirt>' 3 *ears 
ago, and it has since then extended to many other parts, both at home and in other 
countries. 

SHBAJUCirCi>« See Bleaching. 

ATKXIf O- OF 8BXP8. The process of coppering vessels has been generally 
adopted in order to protect their bottoms from the injurious effects of insects in hot 
countries, and to prevent the adherence of barnacles, &c., which greatly impede the 
progress of the vessels. It has, however, been open t o objections, for not only is the 
prune cost of the material j^eat, but the^ expense of roliing it into sheets, and tlio 
fi^uent renewal of parts which had been injured during the voyage, make this copper 
covering a flerious item in the expenses attendant upon fitting-out ships. 

In order to make the application of copper still more general, Sir Humphry Daiy 
turned lus att^tion to the subject, and endeavoured to devise some method of counter- 
actiitf tdie rapid oxidation which takes place on its exposure to the sea-water, as it is 
zue for the C(^per-bottom of a ship to last longer than five or six years. Experiment 
l^yed to Sir H. Davy that if a portion of zinc were applied to the copper it would 
bV its elec^cal relations prevent the process of oxidation in the copper. A vessel 
lathed with oop^r and zinc plates was accordingly sent a voyage to a distant part of 
the world, from whence it returned with its copper perfectly uninjured by the .salt water, 
but iu as foul a state as if there had been no sheathing upon the bottom of the vessel. 
The presence of the zinc had prevented the oxidation of the c<^per which was 
*wc«»wry to resist the marine deposit. The problem, therefore, still remained to be 
any matalUo eomposition could be found for the sheathing of ships 
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capable of preventing the bottom from fouling, and at the same time resisting the 
process of oxidation. To the solution of this problem Mr. Muntz, who was a metal- 
roller at Birmingham, directed his attention, and commenced a series of experiments, 
which resulted in his taking out a patent in 1832. This invention, slowly, but 
steadil}", attracted the notice of the shipping interest of the country, and it appeared 
that in 1834, in the port of London, twenty ships were sheathed with metal prepared 
by Muntz’s patent process. Tlie number gradually increased, until in 1843 there were 
in the same port 257 vessels sheathed with the new composition, and now it is very 
generally used. The improved mctiil sheathing is a mixture of copper and zinc, which 
is cheaper than copper, more easily worked, and lasts longer than the pure metal. In 
the specification of Mr. Muntz’s patent, the nature of his invention is thus described : 

‘ I take tliat quality of copper known to the trade by the appellation of “ best selected 
copper,” and that quality of zinc known in England as “ foreign zinc,” and molt them 
togotlier in the usual manner, in any proportions l)etwecn 60 per cent, of copper to 50 
per cent, of zinc, and 63 per cent, of copper to 37 per cent, of zinc, both of which 
extremes, and all intermediate proportions, will roll at a red lieat; but, as too largo 
a proportion of copper increases the difficulty of working the metal, and too large a 
proportion of zinc renders the metal too hard when cold, and not sufficiently liable to 
oxidation, I prefer the alloy to consist of about CO per cent, of copper to 40 per cent, 
of zinc.’ See Muntz Mftal. 

Various unctuous preparations and paints have been introduced for the purpose of 
coating the sheathing on the bottoms of ships. The secret of all of them is the presence 
of a metallic oxide which is offensive to both the vegetable and animal organisms. 

SHdtfXiS. Hollow projectiles filled with combustible materials. See Aktillkby. 

SKEXiXiS OF MOXiEtrSCA. Mfiny of these are used for ornamental manu- 
facture. They will be found described under Cameo. 

SKERR-r WIRE. See Wine. 

SHIFT. A miners term. As used in Alston Moor and the Northern mines, a shift 
is the quantity of lead ore contained in six or eight waggons, and amounts to about 
240 kibbles of 14 quarts each; each waggon in a six-waggon ‘shift’ contains 40 
such kibbles; while in an eight-waggon ‘shift’ each waggon contains only 30 kibbles. 
In collieries a shift is the time during which the men work in the pit. 

SBZRGXiZRG. Condensing the iron bloom by heavy hammers. See Ikon. 

SBODRT, properly so-called, is the refuse of the willowing and scribbling process 
in the preparation of mungo and wool, and is sold in large quantities for maniiro. 

SHOREXRG. Shades (related to tlic German schutten, ‘ to pour forth ’) are loose 
stones ; applied to such as are of a mineral character. Shodeing, is tracing those loose 
stones from the valley in which they may bo found up to the mineral lode from which 
they have possibly at some remote time been removed. In this manner many mineral 
lodes are discovered. 

SZERR A. Clay coloured by tho peroxide of iron and manganese. It is known as 
raw and burnt Sienna, according to the treatment it has received. It is a good 
/irtists’ colour. 

SZZiBER XiZGRT. There is so much that is interesting in tho progress of the 
inquiry, which resulted eventually in the production of tho Silber light lamps that, we 
are pleased, at finding ourselves in a position to give a succinct record of that progress. 

The first invention of interest dated from December 20, 1869, and is a method of in- 
dicating time at night. The figures of the hours are marked upon a glass globe, which 
revolves, by means of clockwork, around a stationary index. At night, any ordina^ 
night-light is placed in a little glass tumbler which fits upon a platform, aud^ is 
enclosed by a chimney, around which the globe revolves, tho figures then being 
illuminated from within. 

The lamp used for this purpose is constructed upon the moderator principle, but 
with a burner in which mineral oil may bo used with safety. Tho moderator lamp 
could be used, but the disadvantages arising from the liability of its pumps and springs 
to get out of repair, and from the inconvenience of having to wind it up every four or 
five hours, led to a search for the means of maintaining the oil-supply at a constant 
level, not only in one burner, but in any number that might be required. In a patent 
dated May 20, 1870, Mr. Silber devised the following plan:— A ball-cock similar to 
those used in all water-cisterns, but with a china float, and a new joint which connects 
it with the elbow, and which, when properly constructed and adjusted, will work ss 
correctly as a clock movement. The china float is not affected bpr either mineral, 
vegetable, or animal oil ; and it overcomes the difficulty of producing a float which 
wdll act as readily on petroleum as on water, notwithstanding the lightness of the 
former, which is to water as 790 to 1,000. The china float is a circular double convex 
disc, pierced with a hole in the centre. Into this hole is ^ed a piece of hard wood to 
which the arm or lever is attached by means of a metal pin. 
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Bj the means adopted, it is proposed to use any combustible oil, in a manner 
similar to that of gas, the oil flowing from a reservoir placed at some elevated point, 
and fifom it supplying any number of lamps. In the case of using petroleum or any 
easily^ inflammable oil, certain precautions particularised in the patent, are adopted. 
Sufficient for our present purpose to say that from the reservoir the combustible liquid 
is conducted 1761) to the receiving box h, through a branch pipe e, widened out 
into a box at f, and terminating in a tap o, that is to say, e, is a branch pipe, which 
leads from the cistern through the filtering box f and tap o, into the receiving l)Ox or 
chamber h. The box f and tap o form, in effect, portions of the service or supply • 
pipe leading from the main service ; or, in other words, the branch e, box r, and Uip 
o form a service or supply pipe. The filtering box f, which is connected with the 
branch e, is also attached* to the back of the chamber h, and it contains a partition or 
diaphragm /, made of wire-gauze or perforated metal ; ^ is an opening at the bottom 
of the box p (closed by a joint, nut, or screw cap g'^) for removal of subsidence or 
deposit from time to time, o is a tap connected with and leading from the box f, and 
forming the termination of the service or supply pipe. This tap o leads from the box 
F into the chamber h. The pipe e opens into the box f below the partition /, and the 
tap G opens out of that box at a point above the partition/, so that the oil or liquid in 
passing from e to o is filtered by its passage through /. n is a vessel or chamber 
which contains a fioat-valve for opening and closing the pipe g. i is or are (one, two, 
or more) pipes, which lead from the vessel h, and communicate with burners i. J is 
an overflow pipe leading from the interior of the chamber h into the waste pipe. The 
oil or liquid in the tank will, by the law of equilibrium of fluids, flow through the 
branch pipe e into the filtering box f, and passing through the diaphragm/ therein, it 
will rise into and flow through the tap g into the chamber h, the tap of pipe g being 
open, because the float hereinafter described will be depressed while the chamber h is 
empty, and it will rise when the chamber h is filled with oil or liquid to a certain 
level or height. From this chamber h the oil or liquid will flow through the pipes i 
and through the conduits communicating therewith (arms, brackets, pendants, as the 
case may be), to the burners where such oil or liquid is to be burnt and used for 
illuminating purposes. 

1761 1762 



In a communication made to the Society of Arts 
on December 21, 1870, Mr. Silbor proposed by 
anangaiiiaBts of this kind to light private houses, 
towns, or factories. 

In the coarse of experiments upon combustion 
of petroleum, it wae found that, by permitting the 
oil to remain below a certain level in the burner, 
a greatly'iiicreased illumination was obtained with 
a diminished consumption of the oil, which is 
then vapourised in the upper part of the burner, 
before It reaches the flame, and is consumed at 
the top of the wick. By this method no residue 
it ever left in the burner itself. 



The arian|iimeot of this burner will be seen in fig. 1762. a is the case or body of 
the lamp. The lamp contains a number of concentric chambers. The outermost 
riuuBOer Bcentaiiis the oil or combustible liquid to be supplied to the burner, c is a 
tabular or annular space into winch air is fed and through which it circulates ; it 
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forms an air-jacket, n is tho wick-case, that is to say, an inner concentric, annular, 
or tubular chamber, wliich holds the wick and which receives oil or combustible 
material from the chamber b, through the pipe e, which traverses the air-jacket o, and 
forms tho communication between the chamber b and the wick-case d. The lower 
portion of the wick dips into the oil-supply through tho pipe e from tho chamber B. 
G are air-tubes inserted concentrically within the chambers b, c, d. They consist 
of tubes held by struts U These tubes are preferably bell-mouthecl at top. 

It will be observed that the air-jacket c is interposed between tho oil-chamber b and 
the wick-casc d, so as to keep the oil and wick sufficiently cool and prevent the undue 
or immature evaporation of the oil. 

Air is supplied to tho air-jacket c and to tho internal air-tubes a from a chamber h, 
which is in a space within tho case a, at tho foot of the lamp, which is supplied with 
air through orifices of plain or ornamental shape /i, A, h. i is the feed-hole for supply- 
ing the chamber b with oil or combustible liquid ; j is a screw-cap which closes tho 
feed hole ; is an air-holo through the plug of tho screw-cap j, forming a vent to the 
chamber b ; ^ is a perforated conical cap surrounding the wick ; / is a conical annular 
cap i^crforatod only near tho lower part, also surrounding the wick. There are in- 
tervals for the passage of currents of air betw'cen tho wick-case d, the cones /, and 
the outer shell or case a^ of tho burner, m, m^, are the ordinary key and rack for 
raising and lowering the wick. 

The next difficulty to be overcome was to produce a steady light, of a colour pleasing 
to tho eye, and, at tho same time, to secure the cpmplcte combustion of the oil em- 
ployed. In the ordinary circular or Argand burner, the current of air produced by 
tho flame passes so rapidly over tho exposed part and surface of the wick, that it 
curries off with it much partially-consumed oil ; and such a burner, if lighted for any 
length of time in a close room, very perceptibly contaminates the atmosphere. In the 
burners described, it will bo observed that a tube or tubes are placed within tho wick- 
case ; and these tubes divide the current of air in tho interior of the flame, and permit 
the atmospheric oxygen to mix freely with the carbon, not only at tho top of tho wick, 
but also higher up, about and above the centre of tho flame. By this means a light 
of uniform white colour is obtained, and 
8 inches high. Moreover, the insertion 
of tubes admits of an increase of the 
diameter of the burner. In this inven- 
tion, the patentee claims two things: 
first, the conversion of the oil into va^ur 
before it reaches tho top of the wick; 
secondly, tho admission of air by the 
inner tube, specially to the upper part of 
tho flame, where it gives a fresh impulse 
to, and completes the combustion of vola- 
tilised matter that might otherwise be 
carried off unconsumed. Tho conversion 
into vapour is effected by separating the 
bulk of tho oil from the wick-case, and 
by admitting to the latter only a few 
drops at a time. The heat generated by 
the flame is imparted to the metal at the 
top of the burner, and is thus commu- 
nicated to the wick-case, where it at least 
partially volatilises tho small quantity 
of oil contained therein. 

Another patent, dated December 19, 

1870, refers to a roof-lamp for railway 
carriages, in which the bulk of the oil 
is kept not only outside the lamp, but 
also outside tho carriage, and thus nearly 
at the temperature of the air. In all 
previous roof-lamps the oil is contained 
within the lamp, and soon becomes greatly heated. A*, A*, is the body of the lamp, 
which consists of two main portions, one fitting on the other. The lower portion 
is the glass, or as it is technically called ‘globe,* though it is not precisely of a 
globular foi*m as ordinarily used. It is made of glass hold in a metal frame 
The upper portion a* is of metal. Brackets are fixed to the body of the^ li^mp, 
and project outward from the same. On these brackets rests an annular receiver or 
receptacle or oil-holder c, intended to receive the oil for supplying; the burner of 
the lamp. This receiver c is therefore on the outside of the lam^ and ita outer euxfSM^ 
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is thni bathed with the circumambient air, so that the oil in the receiver is kept 
at the temperature of such circumambient air, and is thus prevented from being 
undi^ heated, whereby the danger hitherto apprehended from burning mineral 
oils in such lamps is prevented, c is a screw-cap, which closes the feed hole by which 
oil is admitted into the receiver c ; d is a pipe by which the oil flows from the receiver 
c to a chamber or socket e, which holds the burner f. The pipe d passes from the 
outside receiver c into the body of the lamp, a is an arm connected at one end with 
the socket b, and at the other with the body of the lamp. It (as well as the pipe n,) 
supports the socket b. The burner f holds a wick, which at its lower end dips into the 
oil in the socket b, and thus receives its supply. The apparatus e, f, is shown as 
constructed in fig. 1763. ii is a glass chimney held in a galley or groove; i is a 
metal chimney which surrounds the chimney h to a certain height, and at a little 
distance from it. The chimney i protects the chimney h, and the flame, from sudden 
draught or currents of air. j is a reflector of silvered-copper, which throws the rays 
downward ; it is connected with the pipe n by a bracket, and it carries little uprights 
yx, through which pass rods for holding the chimney i in place; h, h, are springs 
which hold the chimney h flrml3% and prevent it from oscillating or being shifted out 
of place ; z, tap for regulating the flow of oil towards the burner ; /, /, are air-holes 
in the part of the body of tlie lamp ; they receive air through a channel formed by 
flanges l, lx, which are in a piece with the body of the lami^ ; a" is a dome or cap, 
which surmounts the lamp, and has over it a cap q, fixed on a perforated cylinder qx, 
formed of perforated metal or wire-cloth, and having an interior space as shown ; g, 
short air-pipe or chimney fixed in the cap a’ ; wi®, m", m*, concentric wind-guards or 
cowls for protecting the light from gusts of air, and for allowing the aeriform or 
fuliginous products of combustion to escape into the external atmosphere ; w® is 
a diaphragm attached to the cap and acting as a deflector to guide the said 
products into the open air ; is a cap attached to the cowl for guiding the 
smoke outwards ; p, are lugs, through which pass the ends of a handle p, which 
are hooked. On the lugs are tails, which pass through the cap q, and support the 
t parts Q, q. 

Another arrangement, patented July 31, 1871> relates to street, signal, and carriage 
lamps, and aflfords a means of keeping the oil-supply contained in them at the tem- 
perature of the atmosphere, by surrounding the receptacle with an air-jacket. By this 
means the flame is prevented from rising, and the lamps may be left burning, without 
any attention for 24 hours or more. ^ The reason for not separating the bulk of the oil, 
as in railway roof-lamps, and inserting a small cup for present supply in the centre, 
is that the available space, in those now under consideration, is too limited for this 
purpose ; and also that, in street lamps, the oil receptacle would cast an objectionable 
shadow. In all other closed lamps, in which mineral oils are used, the oil becomes 
heated, and upon this the flame rises and becomes 
smoky, diminishing the light, fouling the chimney, and 
increasing the consumption of oil very considerably. 

Another important point in all lamps intended for 
use in the open air, is to estfiblish such an equilibrium 
within the lantern that no more air will find admittance 
than is necessary for the support of the flame, and that 
there shall bo no disturbing down-draught from the 
top or sides. This is effected by the use of a top or 
cowl, which entirely excludes down-draught. Lamps 
fitted with these cowls, and witli no other protection, 
have been in use in the carriages of the Metropolitan 
Railway, and on lines on which a very high speed has 
been maintained, and they have burnt quite steadily, 
the flame being absolutely unaffected by the motion. 

Fig. 1764 is an elevation, partly iu section, of a 
street lamp constructed according to Silber’s invention, 
A is the case of the lamp, consisting, as is usual, of a 
glazed frame, one side of which forms a door, but the 
case is formed open at bottom instead of being closed as 
usual, the bottom of the oil-holder closing the case 
when the lamp is in its place within it. The lamp, 
which is detachable from the case, so as to be readily 
placed in it and taken out of it, consists of an oil- 
ndder b» and a burner or wjck-holder c, which is inserted in, and communicates 
with tbs interior of the oil-holder n. d is a jacket or casing, which is connected with 
the pil-hddo* by ties or struts at intervals, and which surrounds the oil-holder on 
^ rides saeq^t M t^^ bottom, and also except at a small portion of the top. The 
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contour of the jacket or casing d follows or corresponds with that of the oil-holder 
which it surrounds, v is the space between the jacket and the oil-holder : it forms 
a space or passage for the circulation of air, which enters at the bottom this space 
or passage, and Also through air-holes e, e, formed in the lower part of the casing D, 
H is a siiort tube, socket, or ferrule, fitted in the space v, and attached to the oil-holder 
B and casing d to receive the burner or wick- holder c, the wick passing at bottom 
into the oil-holder u. The burner or wick-holder c, with its key Jc and chimney, are 
of ordinary construction ; g, g, are ordinary air-holes at the lower part of the shell 
of the burner. The lamp rests by the bottom edge of the jacket or casing d, on a 
ledge fixed on the inside of the frame of the case a ; this ledge thus supports the 
•whole lamp in the case, and the case is closed at bottom by the bottom of the 
oil-holder b, except at the space v left open between the casing d and the sides 
of the oil-holder u, for the circulation of air, which bathes the oil-holder as described, 
keeps it cool, and allows of the light being maintained equal and steady for a 
number of hours in the case or frame. Air-holes e may bo sometimes formed in 
the sides, and sometimes in the top of the casing or jacket d, as well as in the lower 
edge thereof. 

Improvements in gas-burners have been founded upon combinations already de- 
scribed for supplying the flame in the proper place with the precise quantity of atmo- 
spheric air required for complete combustion. The inventor of this light directs 
attention to the curious influence exerted by the height of the chimney upon the 
illumination afforded by a given quantity of gas. If the height of the chimney be 
increased from 5 to 10 inches, the light produced appears to the unassisted eye to be 
whiter and better for the change. But when accurately measured by the photometer, 
wo find that the light is actually diminished by one half, and, at the same time, the 
consumption of gas is considerably increased. A similar influence is exerted by the 
shape of the chimney ; for if we place the chimney of a common moderator lamp over 
a gas-burner the same result is obtained. 

Experiment has also shown that there is no gain, as compared with an Argand 
in the employment of a double flat-wicked or ‘duplex ' burner. If wo take a duplex- 
burner, each wick of a given width, and a circular burner of such dimensions that its 
wick, if cut in two, would bo precisely equal to the two wicks of the duplex, and if wo 
test both burners under the same conditions, their illuminating power and consumption 
will bo found to be precisely equal. This simple experiment could not have boon tried 
before the modern duplex-burner was perfected ; for two separate flat burners, each 
with a single wick, show a totally different result. The bodies of the burners prevent 
the flames from being brought into sufficiently close approximation. 

Many attempts have been made, all more or less unsuccessful, to burn oils or gas 
without a chimney, and to convey air to the burner through apertures somewhere in 
the lantern, and from thence through tubes or chambers to the flames. These attempts 
are thought by Mr. Silber to have been wrong in principle, because the air-tracks in 
all of them, how'ever circuitous, have been continuous and unbroken. If wo take a 
rigid tube of whatever form, and twist it into any number of turns or coils, and then 
blow into it, we shall find that the forcible exit of air at one end will be simultaneous 
with its forcible entrance at the other. In the same way, a lamp with a continuous 
air-track, if moving with a train or vessel, is exposed to sudden rushes of air upon the 
flame ; and, even if standing still, similar rushes will bo produced by alterations in the 
force or direction of the wind, or by any other atmospheric disturbance. The Silber 
lamp, in the first place, receives its air supply from above, and neither movement nor 
atmospheric disturbance exerts much influence on the rate at which air descends 
through an aperture. This rate is mainly governed by that of the escape of the hot 
air, which has its outlet within the circle of ingress of the fresh supply. The entering 
cold air is met, a few inches below the aperture which gives it admission, b}’’ a solid 
metal top or inner roof, which becomes heated when the lamp has been burning for a 
few minutes. A slit at one end of this inner roof allows the slightly-warmed and 
rtirefied air to proceed onwards whenever it can find opportunity ; that is to say, just 
as rapidly as the exit of the exhausted or consumed air makes room for it. On its 
course it passes over the receptacle in which the supply of oil is stored, and keeps this 
at a moderate and regulated temperature ; then between this receptacle and the inner 
side of the outer part of the lamp ; and, lastly, beneath the chamber to which the 
burner is fixed, from whence it finds admission to the flame. The height of the wick 
is regulated without opening the lantern ; and these lanterns having no opening at 
their lower part, are especially valuable for use on board ship. You will observe that 
there is no possibility under this arrangement of a continuous current of air driven in 
any one direction, but that the air can only diffuse itself gradually, and in proportion 
to the room made for it, through a succession of chambers which effectually break up 
its continuity. Moreover, the capacity of the chamber is so calculated that no more 
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mm enter the hmtera than la required for the maintenance of proper com- 
iNMrtioii. 

With xeHsranoe to the cost of artificial Kght from oil, obtained by the Silber system, 
and compared irith the cost of gas, we have the evidence of Mr. William Valentino, 

who says : — 

* The principle involved in the construction allows of the burning cither of mineral, 
vegetable, or animal oils, and of oils which hitherto have never been burnt to advantage, 
ftirii as the eo-cidled heavy mitmral oils. 

‘ The same principle is equally applicable to ordinary moderator lamps, with the 
iidditaonal advantage that largely-increased lights can now be constructed on the prin- 
ri^de of the moderator lamp burning colza or mineral oils. 

* The light produced by the burners constructed on these new principles is whiter 
and steadier t^n any light I am acquainted with; and the increase in the illuminating 
TOwer, as compared with that from ordinary burners hitherto in use, is fully equal to 
trom 40 to 60 per cent, without any increased consumption of oil. 

* My experiments show that a light can be produced from mineral oils 40 to 50 per 
cent, cheaper than the same light from coal-gas, costing 3s. Od. per 1,000 cubic feet. 

‘ Experience has shown that the burning of properly-purified mineral oil has no 
detrimental efifect upon animal and vegetable life.’ 

It is known that the volatilisation of colza or other vegetable oil cannot be properly 
effected if the oil is allowed to ascend in excessive quantity to the top of the wick. 
On this account, instead of allowing the oil to overflow the top of the vdek-caso, as it 
does in ordinary moderators. Mr. Silber drills holes through the case about a quarter 
of an inch below the top. The overflow in the Silber lamps takes place by means of 
these holes, and combustion is carried on with only a small portion of the vick raised 
above the case. By this arrangement also, the wick is preserved for a much longer 
time than when it is exposed to the atmosphere as in ordinary moderators. 

Signal-lamps for railway and other purposes are constructed of two parts ; the outer 
casing, or lantern ; and the inner part, or lamp proper. G enerally speaking, the lantern 
is a fixture, from which the lamp is withdrawn to be trimmed and lighted. In the Silber 
signal -lamp, the lamp proper is so portable that a man can carry tliree or four in his 
hands at once, either lighted or unlighted, in any weather. Whilst thus carried the 
lamp remains effectually closed ; but as soon as it is in its place within the lantern, it 
is opened at the top by the falling of a self-acting handle, so as to allow the escape of 
the product of combustion. This self-acting liandle is a very important matter, 
because it prevents mistakes, which frequently ha])peu with other lamps, from the 
man forgetting to open the top. Such negligence causes the lamp to go out as soon 
as it has consumed the limited supply of air enclosed in it, and then of course, although 
the lamp is supposed to be iu action, no signal is displayed, and serious mischief may 
result. 

Another advantage is, that the oil-reservoir of these lamps drops through tlic inner 
shell of the lamp, and is kept cool by being exposed to wind and weather, while the 
flame is perfectly protected. 

mUMUkM UWBarS. See PxAX and Linen. 

8Z&BX. Quartz, or pure flint. See Silica. 

8ZUCA or 8ZUCZC ACZD. SiO*. This subsUince exists nearly pure in rock- 
ciystal, chalcedony, opal, agate, and many other minerals ; and it is an important 
constituent of a very large class of minerals. See Agate ; Opal ; Quautz. 

It may be obtained perfectly pure by precipitation from any of its combinations. 
Silicic acid forms a class of salts termed silicates, which are generally formed by 
fUsiDg silicic acid with the bases. Those silicates in which the acid predominates are 
insoluble in water, and constitute the different varieties of glass. See Glass. 

Becent researches have shown that crystallised silica exists in nature under throe 
distinct forms ; (1) Quartz^ cijrstallisiug in the hexagonal system, with sp. gr. 2*6 ; 
(2) TridymiUy cryatalliamg in the same system, but with different parameters, and with 
gp. gr. 2*8 ; (3) Azmaniit^ belonging to the rhombic system, and having a sp. gr. of 2*24. 

£iiie curious natural depots of silica are found iu nature. Way discovered at 
Famham large deposits of silica, in the condition in which it is readily soluble in hot 
iolutions df caustic potash, or soda. These beds are situated at the base of the chalk 
fimnaticais, between the Upper Greensand and the Gault Olay. Mr. Way proposed 
to evpk^ those beds as a convenient source of silicate of lime for agricultural pur- 
poses. He foimd that a mixture of slaked lime ^th the powdered rock, when made 
Uito a Uiiii paste and left for some weeks, is entirely converted into silicate of lime. 
The astion is promoted by the presence of 2 or 8 per cent, of carbonate of soda ; the 
latter appearing to act as the carrier between the silica and the lime. Similar deposits 
had hsea pwvioasly found by Sauva^ in the jD4partment des Ardennes, 
v M&mm depeaiti aia ctoi formed ftom warm springs. In the Island of Terceira 
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a deposit of this kind (wntains 77*05 of silicic acid. The hot springs of New Zealand 
deposit a crust containing 75 of silica ; and some springs in the Azores loare precipi- 
tated a stratum containing 67*6 of silica. In the St^mboat Springs in California 
remarkable deposits of silica, associated with metallic sulphides, are in course of 
formation. 

The Dinas sand, Glamorganshire, is remarkable. Some samples are actually pure 
silica, and most of it gives 91*95 of silicic acid : the sand of Pender>’n, in the same 
county, giving 94-06 silica. A similar deposit is found near Llandudno, in North 
Wales. See Stone, Artif icial. 

smCATB PAZSrTS. Curious local deposits of almost pure silica have been 
discovered near Llandudno, in North Wales. The deposit lies in a basin, at a con- 
siderable level above the sea, and appears to form the bod of a small lake. The 
silica bed has a thickness of several feet, and overlies a deposit of greater thickness, 
but less purity. The following analysis has been made thereof : — Silica, 79 parts ; 
water, 13 ; oxide of iron, 3 ; alumina, 4; magnesia, 1. 

This material is unique, and possesses a wide range of usefulness in the arts and 
manufactures. It would be especially suited for producing crystal glass, and in the 
manufacture of porcelain, if the small percentage of oxide of iron were removed from 
it. Again, chemists report that this earth is a peculiar and interesting material, and 
is almost pure silica thoroughly calcined, reduced to such an impalpable powder as to 
be, without further treatment, fit to be employed in various ways. 

The material, when excavated, is freely washed in water, which holds it in partial 
suspension, and is then tallowed to dr}’, when it becomes brilliantly white, and is more 
finely divided than could be done by mechanical means. At present the use made 
thereof is in the production of paint. Before being so used the water is dried out, so 
that the base of the paint contains 92 per cent, of pure silica. For this purpose it is 
especially suitable, as it mixes freely with the pigments and oils, and is worked with 
the greatest ease. Moreover, it entirely resists the action of acid, and the effect 
of heat, and, when laid on, becomes extremely hard and polished on the surface ; no 
small advantages. 

The Silicate Paint Company (Fenwick Street, Liverpool), supply this useful paint. 
Its preservative influence, in shielding sensitive materials from the destructive action 
of heat and flame in conflagrations is insisted on, but surely a more coating of silica 
cannot possess any extraordinary power in this respect. 

The Silicate Paint Company also manufacture a wator-pi’oofing solution from this 
peculiar silica, which, when applied to the interior or exterior of houses, entirely ex- 
cludes damp. The silica is conveyed into the pores of the brick, plastein stone, or 
other material, and the action of the air causes it to petrify and return to its original 
condition. See Stone, Artificial. 

SXUGATZSiiTXOXr. The process of impregnating bodies with silica. 

SXXiXCATXSS. Compounds of silicic acid {silica, oxide of silicon or silicium), with 
earthy, alkaline, or mettillic bases. In mineralogical arrangements these have been 
divided into anhydrous silicates, which include, as Dana classifies them, the augitc 
section, the garnet section, the mica section, the felspar section, and some others ,* and 
the hydrous silicates, which include tlie talc section, the serpentine section, the chloriie 
section, the calamine section, the datholite, and others. 

SXZJtCBOUS CZMSITTS. An interesting paper on hydraulic cements was 
submitted to the Academy of Sciences by M. F. Kuhlmann, showing the advantage 
that may be derived from the combination of silicates with mortars and cements in 
general, and especially with those that are intended to resist the action of sea-water. 
It is well known that the first effect of water on cements is that of forming hydrates ; 
after which a gradual contraction takes place, producing a degree of hardness, which 
increases in proportion as the contraction is slower, and there is more silex or alumina 
in the cement. Now, M. Kuhlmann has observed that if alumina or its silicate, or else 
magnesia, whether caustic or carbonated, bo kneaded into a paste with a solution of 
silicate of potash or soda, the compounds resulting therefrom will bear a perfect resem- 
blance to the natural silicates, such as felspar, talcose slate, magnesite, &c., and will, 
by repose and slow contraction, become hard and semi-transparent, resisting in a high 
degree the erosive effects of water. If slaked lime be added to the said compounds 
they acquire the properties of hydraulic cements. M. Vicat, junr., having shown that 
calcined magnesia added to a cement would resist the action of sulphate of niagnesia, 
M. Kuhlmann endeavoured to turn this observation to account, by mixing cal- 
cined dolomites (which contain magnesia) with mortar, containing the allmline 
silicates. This composition he found veiy advantageous, since most of the salts con- 
tained in sea-water must contribute towards the preservation of such cements. In 
fact, the chloride of magnesium, as well as the sulphate of magnesia, will be deoom- 
posed and fiorm a layer of silicate of magnesia on the surface it the cement ; in the 
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fame manner, the sulphate of lime must, being in contact with the silicate of potash 
or soda, form a silicate of lime ; and all these silicates strongly resist the action of 
sea-water. As for sea-salt, which is a chloride of sodium, M. Kuhlmann proved tliat, 
in the proportion in which it exists in sea-water, it will slowly decompose the silicat e 
of potash contained in the cement, and leave the silex free. The compositions pro- 
pose have therefore the singular property, not only of resisting the action of 
sea-water, but of actually becoming more insoluble the longer they are in contact 
with it. A cement composed of 30 parts of rich lime, 60 of sand, 15 of un- 
caldned clay, and 5 of powdered silicate of potash, is recommended by M. Kuhlmann 
as having all the requisite hydraulic properties, especially for cisterns intended for 
spring-water. In marine constructions care should bo taken to add an excess of 
BiUcate to those portions of cement which are exposed to tho immediate contact of 
the sea. See Htdbaulic Cements. 

Bansome’s artificial stone is prepared by cementing sand with soluble silica, 
or silicate of potash, and decomposing this salt with muriate of lime. See Stone, 

Abtifzcul. 

SSUCOlTt or BZZiZCZVM. The base of silica or flint. It was first obtained by 
Berselius in 1823. Silicon is obtained by heating the double fluoride of potassium 
and silicon with suflicient potassium to combine with the whole of the fluorine, and 
afterwards washing the mass with cold water, until no alkalino reaction is observable, 
then boiling with water to decompose any of tho double fluoride which may not have 
been acted upon, and finally washing the silicon perfectly with hot water. 

Silicon is a dark-brown powder, heavier than water, infusible before tho blowpipe, 
non-volatile, increasing in density when considerably heated. Silicon exists in three 
distinct forms : amorphous, graphitoidal, and diamond-like. Silicon, boron, and 
carbon, indeed, exhibit great similarity. 

8ZUC MAirvrA.CTirRE. (Fabrique de soie, Fr. ; Seidenfabrik, Gor.) This 
may be divided into two branches : 1. the production of raw silk ; 2. its filature and 
preparation in tho mill, for the purposes of the weaver. Tho threads, as spun by tho 
silkworm, and wound up in its cocoon, are all twins, in consequence of the twin 
orifice in tho lip of the insect through which they are projected. These two 
threads are laid parallel to each other, and are glued more or less evenly together by 
a kind of glossy varnish, which also envelopes them, constituting nearly 25 per cent, 
of their weight. Each ultimate filament measures about 5^5 of an inch in average 
fine silk, and tho pair measures of course fully of an inch. In tho raw silk, us 
imported from Italy, France, China, &c., several of these twin filaments are slightly 
twisted aQd agglutinated to form one thread, called single. 

Tho specific gravity of silk is ]'300, water being 1*000, It is by far tho most tena- 
cious or the strongest of all textile fibres, a thread of it of a certain diameter being 
nearly three times stronger than a thread of flax, and twice stronger than hemp. 
Some varieties of silk arc perfectly white, but tho general colour is a golden yellow. 

The production of silk was unknown in Europe till the sixth century, when two 
monks, who brought somo eggs of tho silkworm from China or India to Constanti- 
nople, were encouraged to breed the insect, and cultivate its cocoons, by tlio Emperor 
Justinian. Several silk manufactures were in consequence established in Athens, 
Thebes, and Corinth, not only for rearing the worm upon mulberry-leaves, but for 
unwinding its cocoons, for twisting their filaments into stronger threads, and weaving 
these into robes. The Venetians having then and long afterwards intimate commer- 
cial relations with the Greek Empire, supplied tho W'hole of wostorn Europe with silk 
goods, and derived great riches from the trade. 

About 1130, Eo^er II., king of Sicily, set up a silk manufacture at Palermo, and 
another in Calabna, conducted by artisans whom he had seized and carried oflf as 
prisoners of war in his expedition to the Holy Land. From these countries, the silk 
industry soon spread throughout Italy. It seems to have boon introduced into Spain 
at a very early period, by tho Moors, particularly in Murcia, Cordova, and Granada. 
The last town, indeed, possessed a flourishing silk trade when it was taken by Fer- 
dinand id the 16th century. The French having been supplied with workmen from 
Milan, commenced, in 1621, the silk manufacture; but it was not till 1564 that they 
be^ successfully to produce the silk itself, when Traucat, a working gardener at 
Nlimes, formed the first nursery of white mulberry-trees, and with such success, that 
in a fi»w years he was enabled to propagate them over many of the southern provinces 
of France. Prior to this time, some French noblemen on their return from the con- 
quMt of Naples, had introduced a few silkworms with the mulberry into Dauphiny ; 
but the business had not proiroered in their hands. The mulberry-plantations were 
neatly eneouraged by 'Henry IV. ; and since then they have been the source of most 
w u nflffl al empI^rnMnt to the French people. James 1 was most solicitous to intro- 
dm Uis bfseding of silkwonns into England, and in a speech from the throne he 
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eameBtly recommended his subjects to plant mulberry-trees ; but he totally failed 
in the project. This country does not seem well adapted for this species of 
husbandry, on account of the great prevalence of blighting east winds during the 
months of April and May, when the worms require a plentiful supply of mulberry- 
leaves. The manufacture of silk goods, however, made great progress during that 
king’s peaceful and pompous reign. In 1629 it had become so considerable in London 
that the silk-throwsters of the city and suburbs were formed into a public corporation. 
So early as 1661 they employed 40,000 persons. The revocation of the Edict of 
Nantes, in 1685, contributed in a remarkable manner to the increase of the English 
silk trade, by the influx of a large colony of skilful French weavers, who settled in 
Spitalfields. The great silk-throwing mill mounted at Derby, in 1719, also served to 
promote the extension of this branch of manufacture ; for soon afterwards, in the year 
1730, the English silk goods bore a higher price in Italy than those made by the 
Italians, according to the testimony of Keysler. 

The ordinary silkworm, called by entomologists Bombyx moriy is, like its kindred 
species, subiect to four metamorphoses. The egg, fostered by the genial warmth of 
spring, sends forth a caterpillar, which, in its progressive enlargement, casts its skin 
either three or four times, according to the variety of the insect. Having acquired its 
full size in the course of 25 or 30 days, and ceasing to eat during the remainder 
of its life, it begins to discharge a viscid secretion, in the form of twin filaments, 
from tubes opening on the under lip, which harden in the air. These threads are 
coiled into an ovoid nest round itself, called a cocoon, which serves as a defence 
against living enemies and changes of temperature. Here it soon changes into the 
chrysalis or nymph state, in which it lies swaddled, as it were, for about 15 or 20 
days. Then it bursts its cerements, and comes forth furnished with appropriate 
wings, antennae, and feet, for living in its new element, the atmosphere. The male and 
the female moths couple together at this time, and terminate their union by a speedy 
death, their whole existence being limited to two months. The cocoons are com- 
pletely formed in the course of three or four days ; the finest being reserved as seed- 
worms. From these cocoons, after an interval of 18 or 20 days, the moth makes its 
appearance, perforating its tomb by knocking with its head against one end of the 
cocoon, after softening it with saliva, and thus rendering the filaments more easily 
torn asunder by its claws. Such moths or aurelias are collected and placed upon a 
piece of soft cloth, where they couple and lay their eggs. 

The eggs, or grains as they are usually termed, are enveloped in a liquid which 
causes them to adhere to the piece of cloth or paper on which the female lays them. 
From this glue they are readily freed, by dipping them in cold water, and wiping 
them dry. They are best preserved in the ovum state at a temperature of about 55° F. 
If the heat of spring advances rapidly in April, it must not be suffered to act on the 
eggs, otherwise it might hatch the caterpillars long before the mulberry has sent forth 
its leaves to nourish them. Another reason for keeping back their incubation is, that 
they may be hatched together in large broods, and not by small numbers in succes- 
sion. The eggs are made up into small packets, of an ounce, or somewhat more, 
which in the south of France are generally attached to the girdles of the women 
during the day, and placed under their pillows at night. They are, of course, care- 
fully examined from time to time. In large establishments, they are placed in an 
appropriate stove-room, where they are exposed to a temperature gradually increased 
till it reaches the 86th degree of Fahrenheit’s scale, which temperature it must not 
exceed. Aided by this heat, nature completes her mysterious work of incubation in 
eight or ten dciys. The teeming eggs are now covered with a sheet of paper pierced 
with numerous holes, about ^th of an inch in diameter. Through these apertures the 
new-hatched worms creep upwards instinctively, to get at the tender mulberry-leaves 
strewed over the paper. 

The nursery where the worms are reared is called by the French a viagnanihe ; it 
ought to be a well-aired chamber, free from damp, excess of cold or heat, rats and 
other vermin. It should be ventilated occasionally, to purify the atmosphere from 
the noisome emanations produced by the excrements of the caterpillars and the decayed 
leaves. The scaffolding of the wicker-work shelves should be substantial ; and they 
should be from 15 to 18 inches apart. A separate small apartment should be allotted 
to the sickly worms. Immediately before each moulting, the appetite of the worms 
begjns to flag ; it ceases altogether at that period of cutaneous metamorphosis,^ but 
revives speedily after the skin is fairly cast, because the internal parts of the animal 
are thereby allowed freely to develope themselves. At the end of the second age, 
the worms are lialf an inch long ; and sho^d then be transferred from the small room 
in which. they were first hatched, into the proper apartment where th^ ate to be 
brought to maturity and set to spin their balls. On occasion of changing their abode, 
they must be well cleansed from the litter, laid upon beds of fresh leaves, and supplied 
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irith An abundance of food erery six hours in succession. In shifting their bed, a 
jnece of nefcwodc being liud over the wicker-plates, and covered with leaves, the 
verms will creep up over them ; when they may be transferred in a body upon the 
net The litter, as well as the sickly worms, may thus be readily removed, without 
handling a single healthy one. After the third age, they may be fed with entire leaves ; 
because they are now exceedingly voracious, and must not be subsequently stinted in 
their diet. The exposure of c&oride of lime, spread thin upon plates, to the air of the 
fnagnoMirtt has bron found useful in counteracting the tendency which sometimes 
appears of an epidemic disease among the silkworms, from the festid exhalations of 
the dead and dying, 

Vpiea they have ceased to eat, either in the fourth or fifth ago, according to the 
variety of the homhyx, and when they display the spinning instinct by crawling up 
among the twigs of heath, &c., they are not long in beginning to construct their 
cocoons, by thiowing the thread in different directions, so as to form the floss, 
or outer open network, which constitutes the hourre or silk for carding and 
spinning. 

The cocoons destined for filature, must not be allowed to remain for many days 
with the worms alive with them; for should the chrysalis have leisure to grow’ 
mature or come out, the filaments at one end would be cut through, and thus lone 
almost all their value. It is therefore necessary to extinguish the life of the animal 
by heat, which is done either by exposing the cocoons for a few days to sunshine, by 
placi^ them in a hot oven, or in the steam of boiling water. A heat of 202° Fahr. is 
sufficient for effecting this purpose, and it may be best administered by plunging tin 
cases filled with the cocoons into water heated to that pitch. 

80 pounds French ( = 88 Engl.) of cocoons, are the average produce from one ounce 
of eggs, or 100 from an ounce and a quarter; but M. Yolzer of Alsace obtained 
no less than 166 pounds. The silk obtained from a cocoon is from 760 to 1,150 feet 
long. The varnish by which the coils are glued slightly together, is soluble in warm 
water. 

The silk husbandry, as it may be called, is completed in France within six weeks 
from the end of April, and thus affords the most rapid of agricultural returns, 
requiring merely the advance of a little capital for the purdiase of the leaf. In buying 
up cocoons, and in the filature, indeed, capital may be often laid out to great advan- 
tage. The most hazardous period in the process of breeding the worms, is at the third 
and fourth moulting ; for upon the sixth day of the third age, and the seventh day 
of the fourth, they in general eat nothing at all. On the first day of the fourth age, 
the worms proceeding from one ounce of eggs will, according to Bonafons, consume 
upon an average twenty-three pounds and a quarter of mulberry-leavos ; on the first 
of the fifth age, they will consume forty-two pounds ; on the sixth day of the same 
age, they acquire their maximum voracity, devouring no le8.s than 223 pounds. From 
this date their appetite continually decreases, till on the tenth day of this age they 
consume only fifty-six pounds. The space which they occupy upon the wicker-tables, 
being at their birth only nine .feet square, becomes eventually 239 feet. In general, 
the more food they consume the more silk will they produce. 

A mulberry-tree is valued, in Provence, at from 6d. to lOff. ; it is planted out of tho 
nurseiy at four years of age ; it is begun to be stripped in the fifth year, and affords 
an increasing crop of leaves till the twentieth. It yields from 1 cwrt. to 30 cwts. of 
leaves, acco:^ng to its magnitude and mode of cultivation. One ounce of silkworm 
eggs is worth in France about 2^ francs ; it requires for its due development into 
cocoons about 16 cwts. of mulberry-leaves, which cost upon an average 3 francs per 
ewt in a fevourable season. One ounce of eggs is calculated, as I have said, to pro- 
duce from 80 to 100 pounds of cocoons, of the value of 1 fr. 25 centimes per pound, 
or 126 francs in the whole. About 8 pounds of reeled raw silk, worth 18 francs a 
pound, are obtained from these 100 pounds of cocoons. 

There are three denominations of raw silk : viz., organzine, trame (shute or tram), 
and floss. Organzine serves for the warp of the best silk stuffi, and is considerably 
twisted ; tram is made usually from inferior silk, and is very slightly twisted, in order 
that it may ^read more, and cover better in the weft ; floss, or bourre, consists of tlie 
riliorter mken silk, whidi is carded and spun like cotton. Organzine and trame 
may contain from 8 to 30 twin filaments of the worm ; the former possesses a double 
tmt, the component filaments being first twisted in one direction, and the compound 
tihzead in the oppoote ; the latter receives merely a slender single twist. Each twin 
filament mdually diminishes in thickness and strength, from the surface of the 
cocoon^ imere the animal begins its work in a state of vigour, to the centre, where it 
in a state of debility and exhaustion ; because it can receive no fo<xl from 
the moment of its beginning to spin by spouting forth its silky substance. The 
Idiite is attentlTe to tnis progressive attenuation, and introduces the commencement 



SILK MANUFACTURE 787 

of eome cocoons to compensate for the termination of others. The quality of raw silk 
depends, therefore, very much upon the skill and care bestowed upon its filature. 

The quality of the raw silk is determined by first winding off 400 ells of it, equal 
to 475 meters, round a drum one ell in circumference, and then weighing that 
length. The weight is expressed in grains, 24 of which constitute one denier ; 24 
deniers constitute one ounce ; and 16 ounces make one pound, ^oids de marc. This is 
the Lyons rule for valuing silk. The weight of a thread of raw silk 400 ells long, 
is two grains and a half, when five twin filaments have been reeled and associated 
together. 

Haw silk is so absorbent of moisture, that it may be increased ten per cent, in 
weight by this means. This property has led to falsifications ; which are detected 
by enclosing weighed portions of the suspected silk in a wire-cloth cage, and exposing 
it to a stove heat of about 78® Fahr. for twenty-four hours, with a current of air. 
The loss of weight which it thereby undergoes, demonstrates the amount of the fraud. 
There is an office in Lyons called the Condition^ where this assay is made, and by the 
report of which the silk is bought and sold. The law of France requires, that all the 
silk tried by the Condition must be worked up into fabrics in that country. It has 
been lately noticed that a still more serious falsification of silks has been made in 
France. The silks are treated with astringent vegetable decoctions, and then with 
salts of iron — the cyanides and, in some cases, iodides being also used. It is stated 
that the weight of the silk can be, by this process, more than doubled. At the same 
time it is considerably deteriorated in quality ; and if a flame is applied to it, it burns 
like tinder. It is found also, in some cases, to be spontiineously combustible. 

Switzerland . — There are silk-stuff factories in the canton of JJale : but the trade of 
this town lies in the manufacture of silk-ribbons. In this and the neighbouring 
canton of B41e-Champagno there are about 4,000 looms, which give employment 
to 16,000 workmen, as weavers, dyers, &e. Manual labour is extremely cheap, 
enabling the manufacturer to sell at a very low rate. The greater number of the 
manufacturers of this canton employ their own capital, and have not to surmount 
those difficulties and disadvantages inseparable from the employment of borrowed 
principal. The chief articles of manufacture are plain taffeta, ribbons, plain satin, 
and figured ribbons: in all these articles, Billo maintains an incontestable supe- 
riority. 

The silk trade in Switzerland has grown and prospered without the aid of protec- 
tive duties, and it is a remarkable fact that the difficulties occasioned by the high 
prohibitive customs, instead of being prejudicial, have boon of advantage, by increasing 
the active genius and emulation of the manufactui’ers, and inducing them to seek more 
distant and more favourable outlets for their goods. The morality, activity, and 
commercial knowledge of the Swiss may bo considered the basis of their success. 

The production of silk is conducted on the most important scale in the Lombardo- 
Venetian States ; next in order of imporUince comes the Tyrol : the same business 
is also carried on in the military frontier, Gdrz and Gradiska, and also in Istria and 
Trieste, in Dalmatia and south of Hungaiy. Trials have likewise been made in Lower 
Austria, Bohemia, and Carniola. 

The cocoons are prepared at the reeling establishment into raw silk. From the 
result of inquiries, it would appear that Lombardy comprises 3,060 reeling establish- 
ments. The entire production amounts to 2,512,000 Vienna lbs. ; and since 12 lbs. 
of cocoons yield 1 lb. of raw silk, there are required for this aggregate of raw silk 
300,400 cwts. of cocoons. The quantity of cocoons required in excess of the quantity 
produced, an excess of neiirly 50,000 cwts., is covered by the production of the Vene- 
tian pro-vunces, chiefly by that of Verona. 

Within the province of Venice, the reeling establishments are also numerous, The 
nearest approximation in reference to this matter is obtained by taking the extent of 
the production at one-half of that in Lombardy. The remainder of the cocoons pro- 
duced in the province undergo further prepanition in Lombardy, and partly in the 
Tyrol also ; whilst a portion of those obtained in Gorz and Gradiska, as well as in 
Istria, are prepared in Venetian reeling establishments. 

The whole production of raw silk obtained in the Austrian monarchy is about 
4,108,700 lbs. The number of working hands employed in the reeling establishments 
is not less than 160,000. Besides the products already enumerated, about 900 cwts. 
of cocoons are annually imported into Lombardy, prinoiMlly from Switzerland and 
the neighbouring Italian States, and are prepared in the Lombardy reeling establish- 
ments. 

The raw silk undergoes further preparation in the throwing mills ; but the whole 
mass of the production is not thus worked up within the monarchy, for the exports 
of raw silk are found considerably to exceed the imports. 

There are in the Tyrol above 55 throwing mills, with 125,047 spindles; 85,583 
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of which latter are for spinning, and 39,464 for twisting. In these mills 600 men 
and 1,200 women and dbildien are employed. The^ production there, including 
that of the smaller throwing mills, which give occupation to 600 workmen, amounts 
to 220,400 Vienna lbs. of thrown silk, for which 231,400 Vienna lbs. of raw silk have 
to be worked np. ... 

The mechanism of the silk filature, as improved in France, is very ingenious. 
Figs, 1766 and 1766 exhibit it in plan and longitudinal view, a is an oblong c(mper 
basin containing water heated by a stove or by steam. ^ It is usually divided by 
transverse partitions into several compartments, containing 20 cocoons, of which 
there are five in one group, as shown in the figure. 6, 6, are wires witli hooks or 
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eylets at their ends, through which the filaments run, apart, and are kept from 
ravelling, c, c, the points where the filaments cross and rub each other, on purpose 
to clean their surfeices. is a spiral groove, working upon a pin-point, to give the 
traverse motion alternately to right and left, whereby the thread is spread evenly 
over the surface of the reel e. /, /, are the pulleys, which by moans of cords transmit 
the rotatory movement of the cylinder d to the reel e. ^ is a friction lever or tumbler, 
for lightening or slackening the endless cord, in the act of starting or stopping the 
winding operation. Every apartment of a larg:e filature contains usually a series of 
such reels as the above, all driven by one prime mover ; each of which, however, 
may, by means of the tumbler-lever, be stopped at pleasure. The reeler is careful 
to remove any slight adhesions by the application of a brush in the progress of her 
work. 

The expense of reeling the excellent Cevennes silk is only 3 francs and 50 centimes 
per Alais pound ; from 4 to 6 cocoons going to one thread. That pound is 92 hun- 
dredths of our avoirdupois pound. In Italy, the cost of reeling silk is much higher, 
being 7 Italian livres per pound, when 3 to 4 cocoons go to the formation of one 
thread ; and 6 livres when there are from 4 to 5 cocoons. The first of these raw 
silks will have a titre of 20 to 24 deniers ; the last, of 24 to 28. If 5 to 6 cocoons go 
to one thread, the titre will be from 26 to 82 deniers, according to the quality of the 
cocoons. The Italian livre is worth *l\d. English. The woman employed at the 
kettle receives one livre and five sous per day ; and the girl who turns the reel gets 
thirteen sous a day ; both receiving board and lodging in addition. In June, July, 
and August, they work 16 hours a day, and then they wind a ruho or ten pounds 
weight of cocoons, which yield from l-6th to l-6th of silk, when the quality is good. 
The whole expenses amount to from 6 or 7 livres upon eveiy ten pounds of cocoons ; 
which is about 2s. 8d. per English pound of raw silk. 

The raw silk, as imported into this county in hanks from the filatures, requires 
to be regularly wound upon bobbins, doubled, twisted, and reeled in our silk-mills. 
These processes are called throwing silk, and their proprietors are called silk throwsters ; 
terms ^bably derived from the appearance of swinging or tossing which the silk- 
threads exhibit during their rapid movements among the machinery of the mills. 

It was in Hanchester that throwing-mills received the greatest improvement upon 
the ancient Italian plan, which had been originally introduced into this country by 
tSr Tl^omas Lombe, and erected at Derby. That improvement is chiefly due to the 
eminent fimtoiy en^neers, Hessrs. Fairbaim and Lillie, who transferred to silk the 
elegant meduinisifi the throstle, so well known in the cotton trade. Still, throughout^ 
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the silk districts of France the throwing-mills are generally small, not many of them 
turning off more than 1,000 pounds of organzine per annum, and not involving 6,000/. 
of capital. The average price of throwing organzine in that country, where the 
throwster is not answerable for loss, is 7 francs ; of throwing trame, from 4 fr. to 6 fr. 
(per kilogramme?) Where the throwster is accountable for loss, the price is from 
10 fr. to 11 fr. for organzine, and from 6 to 7 for trame. In Italy, throwing adds 
3s. 9d. to the price of raw silk, upon an average. It seems probable, from the perfec- 
tion and speed of the silk-throwing machinery in this country, as about to bo described, 
tliat the cost of converting a pound of raw silk either into organzine or trame must be 
considerably under any of the above sums. 

The first process to which the silk is subjected, is winding the skeins, as imported, 
off upon bobbins. The mechanism which effects this winding off and on, is techni- 
cally called the engine, or swift. The bobbins to which the silk is transferred, arts 
wooden cylinders, of such thickness as may not injure the silk by sudden flexure, and 
which may also receive a great length of thread without having their diameter 
materially increased, or their surface velocity changed. Fig. 1767 is an end view of 



the silk-throwing machine, or engine, in which the two large hcx.'igonal reels, culled 
swifts, are seen in section, as well as the table between them, to which the bobbins 
and impelling mechanism are attached. The skeins are put upon these reels, from 
which the silk is gradually unwound by the traction of the revolving bobbins. One 
principal object of attention, is to distribute the thread over the length of the bobbin- 
cylinder in a spiral or oblique direction, so that the end of the slender semi-transparent 
thread may be readily found when it breaks. As the bobbins revolve with uniform 
velocity, they would soon wind on too fast, were their diameters so small at first as to 
become greatly thicker when they are filled. They are therefore made large, are 
not covered thick, but are frequently changed. The motion is communicated to that 
end of the engine shown in the figure. 

The wooden table a, shown here in cross section, is sometimes of great length, 
extending 20 feet, or more, according to the size of the apartment. Upon this the 
skeins are laid out. It is supported by the two strong slanting legs b, b, to which the 
bearings of the light reels c are made fast. These reels are called swifts, apparently 
by the same etymological casuistry as lucus cl non lucendo, for they turn with reluctant 
and irregular slowness ; yet they do their work much quicker than any of the old 
apparatus, and in this respect may deserve their name. At every eighth or tenth leg 
there is a projecting horizontal piece n, which carries at its end another horizontal 
bar a, called the knee-rail, at right angles to the former. This protects the slender 
reels or swifts from the knees of the operatives. 

These swifts have a strong wooden shaft h, with an iron axis passing longitudinally 
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t ih r oB|| [h it| round which they revolve, in brass bearings fixed near to the middle of 
tho 1^ n. U{)on the middle of the shaft a loose ring is hung, shown under c, in 
fig* 1768, to wnieh a light weight <?, is suspended, for imparting friction to the reel, 
and thus preventing it from turning round, unless it be drawn with a gentle force, 
such as the tmction <rf the tiiread in the act of winding upon the bobbin. 

1768 is a fi?ont view of the engine, b, b, are the legs, placed at their appro- 
priate distances (scale li inch to the foot) ; c, c, are the swifts. By comparing 
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1768 and 1769, the structure of the swifts will be fully understood. From the wooden 
shaft 6, six slender wooden (or iron) spokes c, c, proceed, at equal angles to each other ; 

which are bound together 
by a cord /, near their 
free ends, upon the trans- 
verse lino /, of which 
cord, the silk thread is 
wound in a hexagonal 
form ; due tension being 
given to the circumferen- 
tial cords, by sliding them 
out from the centre. 
Slender wooden rods are 
set between each pair of 
spokes, to stay them, and to keep the cord tight, e is one of the two horizontal 
shafts, placed upou each side of the engine^ to which are affixed a number of light 
iron pulleys o, (shown on a double scale in Jig. 1769). These serve, by friction, to 
drive the bobmns which rest upon their peripheries. 

To the table a, fia. 1767, are screwed the light cast-iron slot bearings, i, i, wherinii 
the horizontal spinoles or skewers rest, upon which the bobbins revolve. The spindles 
(see T^fig* 1771,) carry upon one end a little wooden pulley A, whereby they press and 
revolve upon the larger dnving pulleys g , of the shaft e. These pulleys are calleil 
start by our workmen. The other ends of the spindles, or skewers, are cut into screws, 
fior attaching the swivel-nuts i (^. 1771k by which the bobbins k, k {jig. 1768), are 
made tast to their respective spindles. Besides the slots, above described, in which 
the lylndles rest when their friction pulleys A, are in contact with the moving stars 
5r, thiire is ant^her set of slots in the bearings, into wliieh the ends of the spindles 
maybe occasionally laid, so as to be above the line of contact of the rubbing }ieriphery 
of iha atar g^ in case the thread of any bobbin breaks. Whenever the girl has mended 
^ thread, she replaose the bobbin-^ndle in its deeper slot-bearings, thereby bringing 
ill coca more into contact with the star, and causing it to revolve. 
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o {fig, 1768) is a loug ruler or bar of wood, which is supported upon every eighth or 
twelfth leg B, B. (The figure being, for convenience of the page, contracted in length, 
shows it at every sixth leg.) To the edge of that bar the smooth glass*rods are 




made fast, over which the threads glide ftom the swifts, in their way to the bobbins. 
H {fig. 1770) is the guide-bar, which has a slow traverse or seesaw motion, sliding in 
slots at the top of the legs b, where they support the bars o. Upon the guide-bar h, 
tlio guide-pieces Z, /, are made fast. These consist of two narrow, thin, upright plates 
of iron, placed endwise together, their contiguous edges being smooth, parallel, and 
capable of approximation to any degree by a screw, so as to increase or diminish at 
pleasure the ordinary width of the vertical slit that separates them. Through this 
slit the silk thread must pass, and, if rough or knotty, will be either cleaned or 
broken ; in the latter case, it is neatly mended by the attendant girl. 

The motions of the ■various parts of the engine are given as follows : — Upon the end 
of the machine, represented in fig. 1767, there are attached to the shafts k {fig. 1768), 
the bevel-wheels 1 and 2, which are set in motion by the bevel-wheels ,3 and 4, respec- 
tively. These latter wheels are fixed upon the shaft m,fig. 1767 ; m is moved by tlu) 
main steam-shaft which runs parallel to it, and at the same height through the length 
of the engine apartment, so as to drive the whole range of the machines, o is a loose 
wheel or pulley upon the shaft w, working in gear with a wheel upon the steam-shaft,, 
and which may be connected by the clutch n, through the hand-lever or gearing-rod o 
{figs. 1767 and 1768), when tho engine is to be set at work. 6 is a spur-wheel upon 
the shaft.^w, by w’hich the stud-wheel 7, is driven, in order to give the traverse motion 
to the guide-bar h. This wheel is represented, with its append.'igos, in double size, 
figs. 1772 and 1773, with its boss upon a stud secured to the bracket q. In an 
eccentric hole of tho same boss, another stud r, revolves, upon which the little wheel ,v, 
is fixed. This wheel s is in gear with a pinion cut upon the end of the fixed stud p ; 
and upon it is screwed the little crank t, whose collar is connected by two rods u {figs. 
1767 and 1768), to a cross-piece v, which 
unites the two arms w, that are fixed upon 
the guide-bar h, on both sides of the 
machine. By the revolution of wheel 7, 
the wheel s will cause the pinion of the 
fixed stud p to turn round. If that wheel 
bear to the pinion tho proportion of 4 to 1, 
then the wheel s will make, at each revo- 
lution of the wheel 7, one-fourth of a re- 
volution ; whereby the crank t will also 
rotate through one-fourth of a turn, so as 
to be brought nearer to the centre of the 
stud, and to driiw the guide-bar so much loss to one side of its mean position. At the 
next revolution of wheel 7, the crank t will move through another quadmnt, and come 
still nearer to the central position, drawing the guide-bars still less aside, and there- 
fore causing the bobbins to wind on more thread in their middle than towards their 
ends. The contrary effect would ensue, w'ere the guide-bars moved by a single or 
simple crank. After four revolutions of the wheel 7, the crank ^ will stand once more 
as shown in fig. 1774, having moved the bar h through the whole extent of its 
traverse. The bobbins, when filled, have tho appearance represented in 1774; 

tho thread having been laid on them all the time in diagonal lines, so as never to 
coincide with each other. 

Doubling is the next operation of the silk-throwster. In this process, the threads of 
two or three of tho bobbins, filled as above, are wound together in conts^ upon a 
single bobbin. An ingenious device is here employed to stop the winding«on the 
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iUffBMffit thftt OHO of those parallel threads happens to break. Instead of the swifts or 
reelSy a oreel is here mounted for receiving the bobbins from the former machine, two 
or three being placed in one line over each other, according as the threads are to be 
doubled or trebled. Though this machine is in many respects like the engifhe, it has 
paits, whereby the bobbins are set at rest, as above mentioned, when 
one of the doubung-threads gets broken. 

Fig. 1776 is an end view, from which it will be perceived that the machine is, like 
the jpraceding, a double one, with two working sides. 

1776 IS a front view of a considerable portion of the machine. 

1777 rfiows part of a cross section, to explain minutely the mode of winding 

upon a single bobbin. 

Fig. 1779 is the plan of the parts shown in/^. 1777 ; these two figures being drawn 
to double the scale of/ys. 1775 and 1776. 



A, k^figs. 1776 and 1776, are the end frames, connected at their tops by a wooden 
stretcher, or bar-heam, a, which extends through the whole length of the machine ; 
this bar is shown also in ^5. 1777 and 1779. 


IJ 1776 



B, m creels u^n each side of the machine, or bobbin-bearers, resting upon 
voodea cr boaz^ made fast to the arms or brackets c, about the middle of the 

teOMS*. 
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D, D, are two horizontal iron shafts, which pervade the whole machine, and carry a 
series of light moveable pulleys, called stars^ c, c {figs. 1777, 1779), which serve to 
drive the bobbins b, whose fixed pulleys rest upon their peripheries, and are therefore 
turned simply by friction. 

These bobbins are screwed 
by swivel-nuts, e, e, upon 
spindles, as in the silk-engine. 

Besides the small friction- 
pulley, or boss, seen best in 
fig. 1779, by which they rest 
upon the star-pulleys e, c, a 
little ratchet-wheel, /, is at- 
tached to the other end of each 
bobbin. This is also shown 
by itself at/, in^. 1778. 

The spindles, with their 
bobbins, revolve in two slot- 
bearings, F, F, fig. 1779, 
screwed to the bar-beam a, 
which is supported by two 
or three intermediate upright 
frames, such as h!. The slot- 
bearings F have also a second slot, in which the spindle with the bobbin is laid at rest, 
out of contact of the «iur-wheel, while its broken thread is beirig mended, a is the 
guide-bar (to which the cleaner slit-pieces, g, are attached), for making the thread 
traverse to the right and the left, for its proper distribution over the si^ace of the 
bobbin. The guide-bar of the doubling-machine is moved with a slower traverse 
than in the engine ; otherwise, in consequence of the different obliquities of the paths, 
the single threads would be readily broken. A, A, is a pair of smooth rods of iron or 
brass, placed parallel to each of the two sides of the machine, and made fast to the 
standards h, h, which are screwed to brackets projecting from the frames a, a'. Over 
these rods the silk threads gHde, in their passage to the guide-wires g, g^ and the 
bobbins e. 

I, I, is the lever-board upon each side of the machine, upon which the slight brass 
bearings or fulcrums t, i, one for each bobbin in the creel, are made fast. This board 
bears the balance-lever A, I, with thefallers w, «, w, which act as dexterous fingers, and 
stop the bobbin from winding-on the instant a thread may chance to break. The levers 
A, i, swing upon a fine wire axis, which passes through their props t, i, their arms being 
shaped rectangularly, as shown at A, k' {fig. 1779). The arm I being heavier than the 
arm A, naturally rests upon the ridge-bar , y-q 

m, of the lever-board i. w, w, are fl (1 . fl i 

three wires, resting at one of their ends 
upon the axis of the fulcrum i, i, ard 
having each of their other hooked ends H 
suspended by one of the silk threads, as 
it passes over the front steel rod A, and 
under A'. These faller-wires, or stop- 
fingers, are guided truly in their up- 
and-down motions with the thread, by a 
cleaner-plat o, having a vertical slit in 
its middle. Hence, whenever any thread 
happens to break, in its way to a wind- 
ing-on bobbin e, the wire n, which hung 
by its eyelet end to that thread, as it 
passed through between the steel rods in 
the line of A, A', falls upon the lighter 
arm of the balance-lever A, 1, weighs down that arm A, consequently jerks up the arm I, 
which pitches its tip or end into one of the three notches of the racket or catch-wheel 
/ (figs. 1778 and 1779), fixed to the end of the bobbin. Thus its motion is instan- 
taneously arrested, till the girl has had leisure to mend the thread, when she again 
hangs up the faller-wire », and restores the lever A, If to its horizontal position. ^ If, 
meanwhile, she took occasion to remove the winding-bobbin out of the sunk slot-bearing, 
where pulley d touches the ster-wheel c, into the right-hand upper slot of repose, she 
must now shift it into its slot of rotation. 

The motions are given to the doubling-machine in a very simple way. Upon the 
end of the frame, represented in fig. 1775, the shafts bear two spur-wheels, 1 and 2, 
which work into eaci other. To the wheel 1 is attached the bevel-wheel 8, driven by 
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ap A^hett> bevel'Wdeel 4 {fy, 1776), fixed to a shaft that extends the whole length of the 
apac^awat, and flarres, therefore, to driye a whole range of machines. The wheel 4 
may be put in gear with the shaft, by a dutch- and gear-handle, as in the 8ilk-s^n«, 
and thereby it drives two shafts, by the one transmitting its movement to the other. 

The traverse-motion of the guide-lxkr g is effected as follows: — Upon one of the 
shafts D, there is a bevel-wheel 6, driving the bevel-wheel 6, upon the top of the 
upright shaft n (fig. 1776, to the right of the middle); whence the motion is trans- 
mitted to the horizontal shaft q below, by moans of the bevel-wheels 7 and 8. Upon 
this shaft q, there is a heart -wheel r, working against a roller which is fixed to the end 
of the lever a, whose fulcrum is at t^fig. 1775. The other end of the lever s, is con- 
nected by two rods (shown by dotted lines in fig. 1776) to a brass piece which joins 
the arms u (fig. 1776), of the guide-bars g. To the same cross-piece a cordis attached, 
which goes over a roller v, and suspends a weight w, by means of which the lever «, 
is pressed into contact with the heart, -wheel r. The fulcrum of the lever s, is* a 
shaft which is turned somewhat excentric, and has a very slow rotatory motion. 
Thus the guide-bar, after each traverse, necessarily winds the silk in variable lines to 
the side of the preceding threads. 

The motion is given to this shaft in the following way : — Upon the horizontal shaft 
qt there is a bevel-wheel g (figs. 1775 and 1776), which drives the wheel 10 upon the 
shaft x; on whose upper end, the worm y works on the wheel 11, made fast to the 
said excentric shaft t ; round which the lever s, swings or oscillates, causing the guide- 
bars to traverse. 

The Spinning Silk^mUl. — The machine which twists the silk threads, either in their 

single or doubled state, is called the 
spinning-mill. When the raw singles 
are first twisted in one direction, 
next doubled, and then twisted to- 
gether in the opposite direction, an 
exceedingly wiry, compact thread, is 
produced, called organzine. In the 
spinning-mill, either the singles or 
the doubled silk, while being un- 
wound from one sot of bobbins, and 
wound upon another set, is subjected 
to a regular twistipg operation ; in 
which process the thread is con- 
ducted as usual through guides, and 
coiled diagonally upon the bobbins 
by a proper mechanism. 

Fig. 1780 exhibits an end-view 
of tlie spinning-mill ; in which four 
working lines are shown ; two tiers 
upon each side, one above the other. 
Some spinning - mills have three 
working tiers upon each side ; but 
as the highest tier must be reached 
by a ladder or platform, this con- 
struction is considered by many to 
be injudicious. 

Fig. 1781 is a front view, where, 
as in the former figure, the two 
working lines are shown. 

Fig. 1782, is a cross section of a 
part of the machine, to illustrate 
the construction and play of the 
working parts ; figs. 1788, 1789, are other views of fig. 1782. 

jpy. 1784, shows a sin^e part of the machine, by w'hich the bobbins are made to 
revDivd, 

Figs. 1783 and 1785, show a different mode of giving the traverse to the guide-bars, 
than that repMsented in^. 1782. 

Figp. 1786 and 1787» show shape of the full bobbins, produced by the action of 
riiesa two different tmyerse motions. 

Thf ugget part of the machine being exactly the same as the under part, it will be 
sufficient to explain the construction and operation of one of them. 

K the end npright frames or standards, between which are two or three 
istemi^te idMdpida, according to the length of the machine. They are all con- 
nected attheir eidee by beams b and c, which extend the whole length of the machines. 
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D, D, are the spindles, whose top bearings a, rf, are made fast to the beams n, and their 
bottoms turn in hard brass steps, fixed to the bar c. These two bars together are 
called by the workmen the spindle-box. The standards a, a, are bound with cross- 
bars N, N. 

c, c, are the wharves or whorls, turned by a band from the horizontal tin cylinder 
in die lines of b. Jig, 1781, lying in the middle lines between the two parallel rows 
of spindles d, d, f, f, are the bobbins containing the untwisted double silk, which are 
simply pressed down upon the taper end of the spindles, d, d, are little flyers, or 
forked wings of wire, attached to washers of w'ood, which revolve loose upon the tops 
of the said bobbins f, and round the spindles. One of the wings is sometimes bout 
upwards, to serve as a guide to the silk, as shown by dotted lines in Jig. 1782. f, c, are 
pieces of wood pressed upon the tops of the spindles, to prevent the flyers from starting 
oflT by the centrifugal force, o are horizondil shafts bearing a number of little spur- 
wheels/,/. H are slot-bearings, similar to those of the doubling-machine, which are 
fixed to the end and middle frames. In these slots, the light square cast-iron shafts 
or spindles g,Jig. 1784, are laid, on whoso end the spur-wheel h is cast ; an(l when the 
shaft g lies in the front slot of its bearing, it is in gear with the wheel /, upon the 
shaft G ; but when it is laid in the back slot, it is out of gear, and at rest^. See f, f. 
Jig. 1780. 



Upon these little cast-iron shafts or spindles g.fig. 1784, the bobbins or blocks i, are 
thrust, for receiving by winding-on the twisted or spun silk. These blocks are macie 
of a large diameter, in order that the silk fibres may not be too much bent ; and they 
are but slightly filled at each successive charge, lest, by increasing their diameter 
too much, they should produce too rapid an increase in the rate of winding, ^tn 
proportional diminution in the twist, and risk of stretching or tearing the 
are therefore the more frequently changed, k, k, are the guide-bars, wito the gutdcB 
«, i, through which the silk passes, being drawn by the revolving bobbins i, imd 
delivered or laid on by the flyers c?, dj from the rotatory twisting-bobbins f. The 
operation of the machine is therefore simple, and the motions are given to the parts in 
a manner equally so. , - t r i. 

Upon the shaft of the tin cylinder or drum, exterior to the frame, me usual fast 
and loose pulleys or riggers, l, l', are mounted, for driving the whole maeniDe. 
These riggers are often called steam-pulleys by the workmen, their be^ cot- 
nected by bands with the steam-driven shaft of the fiictory. In order to allow the 
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riggOFS npOB thd Bluifbd of the upper and the under drums to be dnven from the same 
pulley upon the main shaft, the axis of the under drum is prolonged at l, l', and 

supported at its end, directly from the floor, by 
an upright bearing. Upon the shafts of the 
tin cylinders there is also a fly-wheel, m, to 
equalise the motion. Upon the other ends of 
these shafts, namely, at the end of the spinning 
jh mill, represented in fig, 1782, the pinions 1, are 
V fixed, which drive the wheels 3, by means of 
\ the intermediate or carrier-wheel, 2, called also 
ac) the plate-wheel, from its being hollowed some- 
J what like a trencher. 1 is called the change 
y pinion, because it is changed for another of a 
difiTerent size and different number of teeth, 
when a change in the velocity of wheels 2 and 
3 is to be made. To allow a greater or smaller 
pinion to be applied at 1, the wheel 2 is 
mounted upon a stud which is moveable in 
a slot concentric with the axis of the wheel 3. 
This slot is a branch from the cross-bar n. 
The smaller the change-pinion is, the nearer 
will the stud k approach to the vertical line 
joining the centres of wheels 1 and 3 ; and the 
D more slowly will the plate- wheel 2 be^ driven. 

^ ou To the spur-wheel 3, a bevel-wheel 4, is fixed, 

with which the other also revolves loose upon 
rT Bp a stud. The bevel-wheel 5, upon the shaft t, is 

H ^ driven by the bevel-wheel 4 ; and it communi- 

cates motion, by the bevel-wheels 6 and 7, to 
c ^) \ each of the horizontal shafts o, o, extending 

^1 I along the upper and under tiers of the machine. 

I At the left-hand side of the top part ofjg. 1781, 

I the two wheels 6 and 7 are omitted, on purpose 

”4^ to show the bearings of the shaft o, as also the 

c ^ ^ ' slot-bearings for carrying the shafts or skewers 

f of the bobbins. 

V I i jl ^ If it be desired to communicate twist in the 

opposite direction to that which would be given 
j by the actual arrangement of the wheels, it is 

! necessary merely to transpose the carrier-wheel 

2, from its present position on the right hand of 
pinion 1, to tlie left of it, and to drive the tin cylinder by a crossed or close strap, 
instead of a straight or open one. 

The traverse motion of the guide is given here in a similar way to that of the 
engine (fi^, 1766). Near one of the middle or cross-frames of the machine (see fig. 
1782), &e wheel /, in gear with a spur-wheel h, upon one of the block-shafts, drives 
also a spur-wheel «», that revolves upon a stud, to which wheel is fixed a bevel-wheel 
n, in gear with the bevel-wheel o. To wheel o, the same mechanism is attached 

B as was described under 

J figs, mo And mh a.nd 

h J g which is here marked 

g S with the same letters. 

■ To the crank-knob r, 

1785 fid' a rod, x, is at- 

, y f>' tached, which moves or 

I . i traverses the guide-bar 

I Q) ^ belonging to that part of 

^ ^ the machine : to each 

\ ^ machine one such appa- 

, ^^BS is fitted. In fys. 

' *Bd 1785, another 

mode of traversing the 

— ^ guide-bar is shown, which 

77 . is generally used for the 

toarser WBiUlties of silk. Near to one of the middle frames, one of the wheels /, in 
gear iHw the i^r-wheel and the bevel-wheel u, both revolving on one stud, 
fitee motioa tlm to the wheel o, fixed, upon a shaft a', at whose other end the 
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1786 


1787 


elliptical wheel b' is fixed, which drives a second elliptical wheel c\ in such a way 
that the larger diameter of tile one plays in gear with the smaller diameter of 
the other ; the teeth being so cut as to take into each other 
in all positions. The crank-piece cP is screwed upon the 
face of the wheel c', at such a distance from its centre as 
may be necessary to give the desired length of traverse 
motion to the guide-bar, for laying the silk spirally upon 

the blocks. The purpose of the elliptical wheel is to modify 

the simple crank-motion, which would wind on more silk at the ends of the bobbins 
than in their middle, and to effect an equality of winding-on over the whole surface 




of the blocks. In fy. 1786, the elliptical wheels are shown in front, to illustrate 
their mode of operating upon each other. 

Fig. 1786, is a block filled by the motion of the excentric, fig. 1782 ; and^. 1787, 
is a block filled by the elliptical mechanism. As the length of the motions of the bar 
in the latter construction remains the same during the whole operation, the silk, as it 
is wound on the blocks, will slide over the edges, and 
thereby produce the flat ends of the barrel in fy. 1786. 
The conical ends of the block (fig. 1787) are pro- 
duced by the continually-shortened motions of the 
guide-bar, as the stud approaches in its sun-and- 
planet rotation, nearer to the general centre. 

Figs. 1788 and 1789 are two different views of the 
( ifferential mechanism described under*^. 1782. 



The bent wire x, fig. 1782, is called the guide-iron. It is attached at one end to 
the pivot of the sun-and-planet wheel-work t, «, o, and at the other to the guide-bar 
f,f,fig. 1781. The silk threads pass through the guides, as already explained. By 
the motion communicated to the guide-bar (giiider\ the diamond-pattern is produced, 
as shown in fig. 1786. 

The SUk Automatic Beel, 

In this machine, the silk is unwound from the blocks of the throi^ng-mill, and 
formed into hanks for the market. The blocks being of a largo size, would be 
productive of much friction, if made to revolve upon skewers thrust through them, 
and would cause frequent breakage of the silk. They are, therefore, set with their 
axes upright upon a board, and the silk is drawn from their surface, just as the weft 
is from a cop in the shuttle. On this account the previous winding-on must be exe- 
cuted in a very regular manner, and preferably as represented in fig. 1786. 

Fig. 1790, is a front view of the reel ; little more than one-half of it being shown. 

Fig. 1791, is an end view. Here the steam-pulleys are omitted, for fear of obstruct- 
ing the view of the more essential parts, a, a, are the two end framings, connected 
by mahe^any stretchers, which form the table b, for receiving the bobbins c, c, which 
are sometimes weighted at top with a lump of lead to prevent their tunibling. d is 
the reel, consisting of four long laths of wood, which are fixed upon iron frames, 
attached to an octagonal wooden shaft. The arm which sustains one of these laths is 
capable of being bent inwards by loosening a tightening hook, so as to permit the 
hanks, when finished, to be taken ofl^ as in every common reel. 

The machine consists of two equal parts coupled t(^ether at a, to fEudUtate the 
removal of the silk from either half of the reel ; the attendant first lifting the one part 
and then the other, e, is the guide-bar, which by a traverse motion causes ths silk 



On tba other end of the shaft of the reel, the spur-wheel 1 is fixed, which derives 
motion from wheel 2, attached to the shaft of the steam-pulley f. Upon the same 
shaft there is a bevel -wheel 3, which impels the wheel 4 upon the shaft e ; to whose 

end a plate is attached, to which the crank / is 
screwed, in such a way as to give the proper 
length of traverse motion to the guide-bar e, 
connected to that irank or excentric stud by 
the jointed rod g. Upon the shaft of the 
steam-pulleys f, there is a worm or endless 
screw, to the left of /, Jig. 1790, which works 
in a wheel 6, attached lo the short upright 
shaft h {Jig. 1791). At the end of h there is 
another worm, which works in a wheel, 6 ; 
on whose circumference there is a stud, i, which 
strikes once at every revolution against an arm 
attached to a bell, seen to the left, g; thus 
announcing to the reel-tenter that a measured 
length of silk has been wound upon her reel, 
c, is a rod or handle, by which the fork I, with 
the strap, may be moved upon the fast or loose 
pulley, so as to set on or arrest the motion at 
pleasure. 

Throwsters submit their silk to scouring and 
steaming processes. They soak the hanks, as 
imported, in lukewarm soap- water in a tub ; 
but the bobbins of the twisted single silk from 
the spinning mill are enclosed within a wooden 
chest and exposed to the opening action of 
steam for about ten minutes. They are then 
immersed in a cistern of warm water, from 
which they are transferred to the doubling- 
frame. 



The iregee of the worit-people in tiie silk-throwing mills of Italy are about one-half 
^ their w ig s i in IKanoiiester ; hut tlds dif^rence is much more than counterbalanced 

% tits inpstior auiohi^ 
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There is a peculiar kind of silk called marabout, containing generally three threads, 
made from the white Not! raw silk. From its whiteness, it takes the most lively and 
delicate colours without the discharge of its gum. ^ After being made into tram by 
the single twist upon the spinning mill, it is reeled into hanks, and sent to the dyer 
without further preparation. After being dyed, the throwster re-winds and re-twists 
it upon the spinning mill, in order to give it the whip-cord hardness which constitutes 
the peculiar feature of marabout. The cost of the raw Novi silk is 198. (ad. a pound ; 
of throwing it into tram, 28. Qd . ; of dyeing, 28. ; of re-winding and re-twisting, after 
it has been dyed, about 68. ; of waste, 28., or 10 per cent. : the total of which sura is 
318. ; being the price of one pound of marabout in 1832. 

As nearly as can be ascertained, the following is a correct statement of the present 
condition of our silk-manufacture (1874): — 

The number of silk factories in England and Wales are : Spinning, 227 ; weaving, 
390 ; spinning and weaving, 39 ; others, 36 : total, 692. Gotland : spinning and , 
weaving, 4. Total in the United Kingdom, 696 factories. 

The number of spindles in the United Kingdom being: Spinning, 940,143; 
doubling, 190,298. 

The number of power-looms, 12,378. 

The motive horse-power of the machinery employed being : Steam, 7,004 ; water, 
986. 

Total number of persons employed, 48,124. 

At present the United Kin^om draws its supply of the raw material for manufac- 
ture principally from the East Indies ; and France, Italy, Turkey, and China, also 
supply a considerable amount. About 20 years since, the annual imports for homo 
consumption amounted to 4,734,755 lbs. 

In 1857, the quantity of 12,077,931 lbs. of silk in its several conditions of raw, 
waste, and thrown, was imported into this country. 

The following represents our Import trade in silk for the year 1873 : — 


£ 


Knubs, or husks, and waste 

31,815 cwts. 

value 460,128 

Eaw ....... 

6,445,213 lbs. 

0,758,138 

Thrown 

108,794 „ 

105,025 

Silk Mamfactures. 

£ 

Of countries out of Europe 


value 284,889 

„ countries in Europe 


4,752,692 

„ velvet, plain or figured 


691,597 

„ ribbons 


1,705,420 

„ „ other kinds 


621,494 

„ plush, used for hats . 


27,731 

„ manufactures of silk, or of silk mixed with other mate- 


rials, unenumerated 

. 

1,981,555 

Exports of Silk in 1873. 

Value 

Thrown, Twist or Yarn 

. 

£ 

1,667,545 

Manufactures. 



Yards 


Broad stuffit of silk or satin 

. 1,696,605 

331,293 

Handkerchiefs, scarfs, and shawls 

— 

246,326 

Ribbons of all kinds 

. — 

232,933 

Lace 

— 

231,435 

Unenumerated .... 

— 

650,622 

Of Silk and other materials : — 



Broad stuffs .... 

. 1,287,107 

196,973 

Other kinds .... 

— 

90,118 

Silk imported in 1874. 



lbs. 

Value 

From China 

2,656.764 

£1,996,203 

„ British India 

690,871 

668,998 

„ Egypt .... 

149,086 

130,681 

„ Other countries . 

2,446,717 

3,321,814 


Total. 


. 6,943,438 


6,017,646 
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Silk manufaotureB imported in 1874 from countriee in Europe. 


& 


Broad stufis 


fFrom France . . of the value of 4,940,309 

„ Belgium . „ 2,271,902 

Other countries „ 116,863 


Total 


7,329,074 


Bibbons, silk and satin 


Bibbons, other kinds . 


■I 

1 


From France . 

„ Other countries 

Total 

From Belgium 
„ Other countries 

Total 


of the value of 1,829,039 
„ 246,843 


. 2,076,882 


of the value of 200,130 
„ 239,619 


439,749 


Of countries out of Europe of the value of £237,735. 
SUk ^nanufacturct Exports in 1874. 


WhoUy of silk Yards Value 

Broad 6tu& of silk or satin . . . 2,311,345 £458,422 

Thrown, twist or yam .... ... 1,029,682 

H^dkerchiefs, scarfs and shawls . . ... 387,509 

Bibbons of all sorts 207,256 

Of silk and other materials . . . ... 362,442 


'sssmm mmm 


I OUT* for angling, is made as follows : — Select a number of the best 
and largest silkworms, just when they are beginning to spin ; which is known by tJieir 
refusi^ to eat, and having a fine silk thread hanging from their mouths. Immerse 
them in strong vinegar, and cover them closely for twelve hoitps, if the weather be 
warm, but two or ^ee hours longer, if it be cool. When taken out, and pulled 
. y „ asunder, two transparent guts will bo 

^ observed, of a yellow-green colour, as 

thick as a small straw, bent double. 
The rest of the entrails resembles 
boiled spinage, and therefore can occa- 
sion no mistake as to the silk-gut. If 
this be soft, or break upon stretching 
it, it is a proof that the worm has not 
been long enough under the influence 
of the vinegar. When the gut is fit to 
draw out, the one end of it is to be 
dipped into the vinegar, and the other 
end is to be stretched gently to the 
proper length. When thus drawn out, 
it must be kept extended on a thin 
piece of board, by putting its ex- 
tremities into slits in the end of the 
wood, or fastening them to pins, and 
th en exposed in the sun to diy. Thus genuine silk-gut is made in Spain. From the 
mamter in which it is dried, the ends are always more or less compressed or attenuated. 
In Jig, 1792, a is the silkworm ; 5, the worm torn asunder ; c, c, the guts ; d,dt a board 
•lit at the ends, with the gut to dry ; /,/, boards with wooden pegs, for the same 







purpose. 

IKDbVBB (Araent, Ft, ; Ger.) was formerly called a perfect metal, because 

heat alone revived its oxide, and because it could pass unchanged through trials by 
fire, which apparently destroyed most other metals. The distinctions, perfect, im- 
perfect! and noble, are now rejected. 

When pure and polished, silver is the brightest of the metals. Its specific gravity 
in tlie in^ is 10*47; but, when condensed under the hammer or in the coining-press, 
it baeomes 10*0. It melte at a bright red heat, at a temperature estimated by some as 
equal to 1870^ Fahr. It is exce^^ngly malleable and ductile, affording leaves not 
non than Tfoim of an inch thick, and wire far finer than a human hair. 

% 8idDBi|Hr« oxpairimentfl, its tenacity is, to that of gold and platinum, as the 
Moibor 19, lO, and 26{; so that it has an intermediate strength between these two 
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metals. Pure atmospheric air does not affect silver, but that of houses imprecated 
with sulphuretted hydrogen soon tarnishes it with a film of brown sulphide. It is 
distinguished chemically from gold and platinum by its ready solubility in nitric acid, 
and from almost all other metols, by its saline solutions affording a curdy precipitate 
with a most minute quantity of sea-salt or any soluble chloride. 

The atomic weight of silver is 108 ; its chemical symbol is Ag {argentum). 

Silver occurs in nature under many forms : — 

1. Native silver possesses most of the above properties ; yet, on account of its being 
more or less alloyed with other metals, it differs a little in malleability, lustre, density, 
&c. It sometimes occurs crystallised in octahedrons, in cubes, and cubo-ocbihodrons. 
At other times it is found in dendritic shapes, or arborescences, resulting from minute 
crystals implanted upon each other. But more usually it presents itself in small 
grains without determinable form, or in amorphous masses of various magnitude. 

The gangues (mineral matrices) of native silver are so numerous, that it may be 
said to occur in all kinds of rock. At one time it appears as if filtered into their 
fissures, at another as having vegetated on their surface, and at a third, as if impasted 
in their substance. Such varieties are met with principally in the mines of Peru. 

The native metal is found in almost all the silver mines now worked; but especially 
in those of Kongsberg in Norway, in carbonate and fluoride of calcium, &c. ; at 
Schlangenberg in Siberia, in sulphate of baryta ; at Allemont, in a ferruginous clay, 
&c. The mines of Chili and Peru have yielded large quantities of native silver. 

The metals most usually associated with silver in the native alloy, are gold, cf)pper, 
arsenic, and iron. At Andreasberg and Guadalcanal it has been found alloyed with 
about five per cent, of arsenic. The auriferous native silver is the rarest. 

2. Antimonial silver, or Dyscraaite. — This rare ore is destitute of malleability, 
and very brittle ; spec, grav, 9‘«5. It melts before the blouqupe, and Jiflfords whiter 
fumes of oxide of antimony: being readily distinguished from arsenical iron and arsenical 
cobalt by its lamellar fracture. It consists of from 70 to 84 per cent, of silver, and 
from 24 to 16 of antimony. 

3. Argentiie, Sidxihide of silver or Silver glance. — This is an opaque substance, of 
a dark-grey or leaden hue ; slightly malleable, and easily cut with a knife, when 
it betrays a metallic lustre. The silver is easily sepsirated by the blowpipe. It con- 
sists of 13 of sulphur to 89 of silver, by experiment ; 13 to 87 are the theoretic propor- 
tions. Its specific gravity is 6*9. It occurs crystallised in cubes, and is found in 
the mines of Freiberg in Saxony, Joachirasthal in Bohemia, Schoranitz in Hungary, 
and Mexico. 

4. Pyrargyrite, lied Silver ore^ Puhy Blende, or Antimoniated sulphide of silver, is an 
ore remarkable for its lustre, colour, and the variety of its forms. It is friable, easily 
scraped by the knife, and affords a powder of a lively crimson-red. Its colour in mass 
is brilliant red, dark red, or oven metallic reddish -black. It crystiillises in a variety 
of hexagonal forms. Its constituents are : silver from 56 to 62 ; antimony from 20 to 
24 ; sulphur from 16 to 18. It is found in almost all silver mines ; but principally 
in those of Freiberg, Andreasberg, and Guadalcanal. 

0. Proustite, Light Bed Silver ore, or Arsenical sulphide of silver, is a similar but 
rarer mineral, in which arsenic takes the place of antimony. 

6. Siephanite, or Black sulphide of silver, is a blackish, brittle mineral, affording 
globules of silver at the blowpipe. It is found at Allemont and at Freiberg; but 
more abundantly in the silver mines of Peru and Mexico. The Spaniards call it negrillo. 

7. Polybasite is a sulphide of silver and copper, generally with antimony and 
arsenic. It occurs in Mexico, Chili, Nevada, and Idaho. 

8. Stembergite is a rare sulphide of silver and iron. 

9. Chloride of silver, or Horn silver. — In consequence of its semi-transparent aspect, 
its yellowish or greenish colour, and such softness that it may be cut with the nail, 
this ore has been compared to horn, and may be easily recognised. It melts at the 
flame of a candle, and may be reduced when heated along with iron or black flux. It 
is occasionally crystallised in forms belonging to the cubic system ; but occurs cldefly 
in irregular forms, sometimes covering the native silver with a thick crus^ as in Peru 
and Mexico. Its density is only 4*74. It is found in considerable quantities at North 
Dolcoath in Cornwall. 

Chloride of silver sometimes contains 60 or 70 per cent, of clay ; and is then called 
‘ butter-milk ore ’ by the German miners. r j • • 

10. Bromide of Hlver or Bromyrite, and Iodide of silver or lodynte, occur in the 

mines of Chili and Mexico; whilst a mineral called which is a chloro- 

bromide of silver, is found rather abundantly in some of the mines of Chili. 

1 1 . Carbonate of silver, or Selbite, is a mineral of doubtful occurrence. 

Large quantities of silver are annually obtained in this country, and in the leed* 
producing districts of Europe, by the treatment of argentiferous galena ; but the New 
VoL. III. 3 F 
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Oontinettty which produces for the most part ores containing but a small proportion of 
lead, is estimated to fhmish twelve times more silver than the Old. See Lead. 

Silver has been produced in the following countries : — 

J^orway . — ^The mines of Kongsberg were discovered in 1623, and they have been 
worked, almost continuously, up to the present time, their average annual produce 

being about 18,000 lbs. troy. 

Mungaryt T^ansylvanuit and the Banat, are stated to produce about 92,000 lbs. of 

silver annually. 

Saxony and Bohemia. — The mines near Freiberg are the most important. 

The Mines of the Hartz produce about 28,000 lbs. troy of silver annually; while 
those of the Mps produce small quantities. 

France has no silver mines of importance. 

In Spain, the mines of Guadalcanal and Cazalla have been highly productive. The 
total produce of the Spanish silver mines, in 20 years, was 8,206j000 Spanish ounces. 

In ^orth America, the mines of Mexico are the most ancient, and the silver lodes 
the most remarkable. The vein called the Veta Madre, of Guanaxuato, was o^'ten 200 
feet in width, and that of Zacatecas is sometimes 75 feet wide. Humboldt stated the 
production of silver in Mexico, in 1789, to have been 7,314,344 lbs. troy. There are 
about sixteen silver mines producing silver ore at the present time in Mexico ; the 
ores varying from 65 ounces to 81 ounces of silver to the ton. The Real del Monte 
Company produced annually silver to the value of three millions and a half of dollars. 

Nevada.— discovery of silver in this region dates only from 1859 ; but the pro- 
duction of silver and gold has been immense, often rising to nearly 300,000 tons of ore 
per annum ; sometimes yielding silver to the value of 150 dollars per ton, and seldom 
of less value than 28 dollars. There are numerous other districts, which space will 
not allow us to mention. See ‘ The Mining and Metallurgy of Gold and Silver,’ by 
J. Arthur Phillips, for full accounts of the North American silver mines. 

South America. — The silver mines are confined to the Republics of Peru, Bolivia, 
and Chili. The mines of Cerro de Pasco are the most celebrated in Peru, the principal 
ores being known as paces ; these are ferruginous earths, containing varying amounts 
of silver. These mines were discovered in 1630, and are still being worked, upon a 
small scale. The production of silver, in Peru, has been estimated at 299,000 lbs. troy. 

Bolivia. — The mines of Potosi, which once formed a portion of the viceroyalty of 
Buenos Ayres, are now included in. this republic. Thirty-two veins have been worked 
in this historical mine, which was discovered in 1546, with great profit, and numerous 
smaller ones, with more or less advantage. In the province of Potosi, according to 
Whitney, the United States Geologist, there were, when he visited the district, 1,800 
abandoned mines, and only 26 at work; in other parts, there were 2,365 mines aban- 
doned, and only 40 at work. 

ChUi. — The most important silver mines of Chili are those in the neighbourhood of 
Copiapo. ^ Chlorides of silver are the most abundant ores, but there are also arsenides 
and sulphides, the ore containing from 100 to 250 ounces of silver to the ton. Chili 
appears to have produced in seven years 1,750,000 lbs. of silver. 

New Granada . — The Santa Anna mines, in the province of Mariquita, have been 
long celebrated. They produced 1,266,465 ounces of silver between 1852 and 1864. 
Since that time, the production has been limited. 

Mexican Amcdgaination Brocess. — The following description of the extraction and 
treatment of silver ores in Mexico is derived from a paper published by Mr. J. A. 
Phillips, who for some years acted as manager for the firm of John Taylor and Sons. 
His excellent description may be applied to the amalgamation process, as carried out 
in other places. 

We may previonsly state some of the peculiar features observable in the working of 
the mines of Mexico, confining our attention to the mines of Guanaxuato, Zacatecas 
(including Fresnillo), and Re^ del Monte. The mines of Guanaxuato are situated 
upon one vein of great length and width. It should be understood that this vein, 
Iw all mineral veins, is not productive of silver ore throughout its whole extent, but 
the ore occurs in branches and bunches, leaving intermediate spaces of dead or unpro- 
ductive ground ; and, as an ordinary mine-level seldom exceeds 6 feet in width, it is 
clear that a level like this would not explore a vein of such dimensions as that of 
Guanaxuato, while the expense of cross-cutting, as miners term it, would require more 
capital than the owners of the mine were willing to risk, or able, in many instances, to 

r n. Hence, there sprang up in Guanaxuato a system of working well adapted to 
eixeumstanoes noticed, and being based upon the principle that the hope of reward 
acts as a stunulua to exertion, was attended with the best effects, and led to the 
discQyexy of some of the richest deposits of ore. 

Tlfis system ia called that of the busoones or * seekers,’ who are the working 
IS^CM inen, at their own risk, work in the mines under certain restrictions ; 

1 - J X 4-t\ fVtnvm -fa 1^1 A fkfrATlfimeS meCt 
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with a valuable course of ore, but frequently work for months, earning scarcely 
enough for bare subsistence. While thus employed the hu8c<m receives half the 
produce of the ore he breaks ; and it may be readily conceived th.at if he should fall 
in with a rich deposit, his gains should be very large: thus, instances have been 
known where a man has obtained, in this way, 1,000 or 1,500 dollars in a month. 

The owners of the mine, however, have the option of taking away such a 
discovery from the hands of the miner, after a short notice, and working it on their 
own account, or, as it is termed, iMcicndo, accountf when they pay the miners a dollar 
per day each, without any share oi the ore. To do this, however, the mine must be 
rich, and as it is, a very large portion of the ore in Guanaxuato is raised by the bus- 
cones, who divide the produce equally with the owners. 

The ore, being broken and separated as much as possible from the rocky parts 
underground, is tied up in the botas of bullocks’ hides, which are drawn to the 
surface by the malacates, in the same manner as the water. In some of the 
Guanaxuato mines, labourers are employed to take the ore to the surface, and these 
will ciirry on their backs from 2 to 3 cwts., and perform several journeys in a day 
from the bottom of a mine 400 or 500 yards in depth. At the mine of Mellado 
there is a very excellent double tramrofid, on an inclined plane of timber, upon 
which the ore is drawn up in wa^^ons to a height of 200 varas from the botUmi 
of the mine, where the diagonal joins the perpendicular sliaft at about the same 
depth from the surface: each carriage will contain 160 arrobas of 26 lbs. each. The 
power applied is that of a malacate working underground ; and here at 200 yards 
from the surface, and shut out from the light of day, one is surprised to l>ehold 
a storehouse and stabling, with all the necessary appurtenances for thirty-six horses, 
employed in moving the machine above mentioned, nine horses working at a time. 

Having brought the ore to the surface, it is conveyed to the nnne-yard, and 
placed in separate heaps, under the eye of the busoon or miner, who prepares it for 
sale. At a stated time the auctioneer appears, accompanied by a clerk ; he walks 
round to the heaps of ore in succession, and sells thorn in the following manner : — 

Standing before the heap of ore to w'hich he invites attention, those who come to 
purchase step forward and whisper into his oar the pri(;e they severally offer. When 
all have done, he declares aloud the name of the highest bidder, and the price, which 
are entered in a book by the clerk ; and the same process is followed throughout until 
all the ore is sold. 

The practice in the Real del Monte differs from both the others, but assimilates 
a little towards the Guanaxuato system, inasmuch as the miner lias a share of the ore, 
called partido. This partido system has prevailed from a very early period, and has 
led to many broils and disturbances with the miners. 

The method of extracting the silver from the ore, at the establishments maintained 
for that purpose, called ‘ luLciendas de heneficio.^ or ‘ ImeieTidas de Plata,* of which there 
are many of great extent in the country, is thus carried forward. The Haciendas 
Nueva in Fresnillo, of Sauceda in Zacatecas, of Barrera in Guanaxuato, and of 
Reglfi at Real del Monte, are the principal establishments of this kind at present in 
use. That in Fresnillo is the largest used for amalgamation only, the outer walls 
being 492 varas in length by 412 varas in width. It was erected at a cost of 300,000 
dollars, and is very complete in all its arrangements. 

The Hacienda da Regia combines very extensive smelting works witli those for 
amalgamation. 

The ore being placed in heaps in the yard is broken by hammers into pieces of 
moderate size, and carefully picked ; the richer parts being set aside for smelting, and 
the poorer for amalgamation. 

In the smelting process, the ore after being crushed, is mixed with slag or remains 
from former smeltings, litharge or oxide of lead, and a little iron ore and lime. 
These are put into the furnace with charcoal, and the silver is brought down with the 
lead ; the two metals being afterwards separated in refining furnaces. The German 
high furnace is usually employed, although the Castilian fumeuse described in the 
article on Lead, would probably bo found preferable. 

It is estimated that about an eighth part of the silver produced in Mexico is ob- 
tained by smelting ; but as only the richest ores are subjected to this process, on 
account of the expense, which is from 16/. to 20/. per ton, except in a district like 
Zimapan, where lead ore is abundant, the proportion which the quantity of ore 
smelted bears when compared with that reduced by am a lg am ation must be very 
small indeed. 

The process of amalgamation, to which attention is now more particularly directed, 
depends upon the great affinity of quicksilver for silver. In order, however, to make 
this known property available, certain operations are requisite,^ to reduce the silvra 
contained in the ore to such a state that the quicksilver will readily cennbine with it. 

3 F 2 
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After the breaking and dressing by hand, the ore is crushed, either by crushing- 
roUere or more generally by stamps, called in Mexico, molinos. The stamps are 
similar in principle to those used fn the tin mines of Cornwall, but not so powerful, 
and are worked either by water-power or by mules. As the ore is cnished, it falls 
through small holes of about the size of a pea, perforated in strong hides stretched in 
a slope on cither side of the machine placed over a pit which receives the fine ore, 
<rom whence it is conveyed to the arrastres or grinding mills. 

These stamping mills are sometimes driven by a small breast w'ater-wheel, of five 
feet diameter and one foot broad. Fig. 1793 will give a suflftcient idea of their con- 
struction. The long horizontal shaft, fixed on the axis of the wheel, is furnished with 
6 or 6 rams placed at different situations round the shaft, so as to act in succession 

on the projecting teeth of the 
upright rods or pestles. Each 
of these weighs 200 Ihs,, and 
works in a corresponding oblong 
mortiir of stone or wood. 

The arrastro, or ‘ talrma,' as 
it is called in the northern dis- 
tricts, is exceedingly simple, l>nt 
for so rude a machine is V('ry 
effijctive. Earon Huml>o]dt, in 
alJnJing to it, saj's that ho never 
saw ore so finely pulvtadsed ns 
he saw it in Mexico. In Guan- 
axuato, where there is nineh gohl 
in the ore, tliis is particularly 
observable. 

Tlio arrastre consists, in the 
first place, of a strong wooden 
post moving on a. spindle in a 
beam above it, and resting on an iron pivot benoalh, turning in an iron socket, on 
the top of a small post of hard wood which rises about a foot above the ground in tho 
centre of the arrastre. See Oue Dressing. 

These arrastres are usually arranged in rows in a largo gallery or shed, as will be 
seen by reference to Jig. 1794, which represents the gallery of the Hacienda of Salgado. 

A machine has been introduced at Beal del Monte wliich has superseded the old 
Mexican arrastres. This machine is similar in principle to some of tho grinding 
mills of this country, and to the trapiche of Peru. It consists of tw'o largo 
circular edge stones faced with iron, and moving over iron bottoms, the ore being 
crushed and ground with water between the two metal -surfaces. The machine is 
turned by twelve mules in the twenty-four hours, four mules working at a time, 
and the quantity ground to a fine slime is sixty quintals, or about ten times the 
quantity ground by a common arrastre; and there is reason to believe that the 
quantity might be doubled by the use of water- or steam-power, as tlie number of re- 
volutions would be increased. 

The ore being brought into a finely-divided state, is allowed to run out of tho 
arrastre into shallow tanks or reservoirs, where it remains exposed to the sun until a 
larger portion of the water has evaporated, when it has the appearance of thick mini ; 
and in this state the process is proceeded with. 

The lama as it is called, or shme, is now laid out on the paiio, or amalgamation- 
floor (which is in some places boarded, and in others paved with flat stones), in largo 
masses called tortaSj 40 to 60 feet in diameter and about a foot thick, consisting fre- 
quently of 60 or 70 tons of ore ; and so extensive are tlie floors that a large number 
of these tortas are seen in progress at the same time. Thus, at the Hacienda de Begla, 
the patio, which is boarded and carefully caulked, to render it water-tight, is capable 
of containing ten of these tortas, of about 60 tons each and 60 feet in diameter. The 
Hacien^ de Barrera in Guanaxuato will hold eighteen tortas of 70 to 75 tons each. 
The Hacienda Sauceda at Zacatecas will contain twenty-four tortas of 60 tons each ; 
and the patio floor of the Hacienda Nueva at Fresnillo is still larger, being 180 varas 
in length by as many in width, and capable of containing sixty-four tortas of 70 tons 
aach] 

Having laid out the masses of ore in the patio, the operations necessary to produce 
the ohemioal changes commence. The first ingredient introduced is salt, which is 
put into the torta in the proportion of 60 lbs. to every ton of ore (but varjdng in 
diffesent districts), and a number of mules are made to tread it, so that it may become 
dissolved in the wiM;er, and intiinately blended with tho mass. On the following day 
an^er ingiediant is intsoduced, called in Mexico magistral. It is common copper 
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pyrites, OP sulphide of copper and iron, pulverised andcnkinod, which converts it into 
a sulphate. About 25 lbs. of this magistral are added for every ton of ore in the tortti, 
and the mules are again put in, and tread the mass for several hours. Chemical action 
now commences : the salt, magistral and metallic sulphurets are decomposed, and new 
combinations are in progress. Quicksilver is then introduced, being spread over the 
torta in very small particles, which is effected by passing it through a, coar.^e cloth, 
"riio quantity required is six times the estimated WTiglit of the silver conlained^in the 
ore, or 3 lbs. for every marc of 8 ozs. , 

The quicksilver being spread over the surface, the mulc.s are once more put in, and 
t read the whole until it is well mixed. This treading is called the repaso, and is 
repeated every other day, or less often, according to the judgment of the a^oguero or 
superintendent, until the operation is completed. 

Jlut it is in the progress of the operation that the skill of the azoguero is most 
required, because ho must attend to certain signs or appearances which present, them- 
selves to him, and npon which depends the success of his work, wliether as it rcf^ards 
the produce of silver or the economy of quicksilver and otluT materials and time. 
For this purpose ho has a small quantity of tlie torta ]uit on one side, upon which ho 
operates before adding materials to the torta itself; this is called a guia, or guide. 
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In order to ascerbiln Ijow the chemical action ui the torta proceeds, he collects a 
small quantity of the slimo and washes it in a small bowl, and by the signs presented 
by the quicksilver and amalgam he, from his practical knowledge of the subject, is 
able to judge as to the state of the torta ; whether it requires more magistral or 
quicksilver; or whether it has had too much magistral, in which case it is hot, and a 
little lime must be put in to decompose the excess of chloride of copper. This 
simple plan is termed the tentadura, by which in fact the azoguero is guided through- 
out the amalgamation process. 

When at length he finds the quicksilver is no longer absorbed, the operation is 
considered complete, and the torta rendidetjOv ready to ho washed, and sometimes lima 
is added to stop further action. A large quantity of quicksilver is then thrown in, and 
is called cl bano^ or bath, w'hich combining with the amalgam, causes it to separate the 
more readily from the slimo in the washing. The time required to complete the pro- 
cess varies from ten to thirty days ; but in some places is often considerably more, 
according to climate and the nature of the ore. 

The amalgam has now to be separated from the mass, which is done at Heal del 
Monte l)y washing it in a large square vat, in which several men keep constantly 



806 


SILVEB 


•turiiig it with their feet, while at the same time a stream of water is made to paw 
throne. By thie means the lighter particles of the mud flow out into canals 
fnmiSii^ with basins, called apuros, to catch all stray amalgam and quicksilver, and 
the great body o£ the amalgam remains at the bottom of the vat. 

In Qnanaxuato, the process of washing is more perfect. They have three circulp 
Tats called Hnas, in which the ore is stirred by means of long wooden teeth fixed in 
cross bars attached to a vertical shaft, the whole turned by a simple machine, worked 
by mules. The slime has to pass through the third vat before being carried entirely 
away, so that a very small portion indeed of the amalgam escapes. The process 
of washing is somewhat similar in Zacatecas, but there they use but one tina or vat. 

The amalgam is carried in bowls into the azogtwria, where it is subjected to strain- 
ing through the strong canvas bottom of a leathern bag. The hard mass left in the 

bag is moulded into wedge-shaped 
masses of 30 lbs., which are arranged 
in the burning house {jig. 1795), to 
the number of 1 1 , upon a solid copper 
stand, called having a round 

hole in its centre. Over this row of 
wedges several others are built ; and 
the whole pile is called pina. Each 
circular range is firmly bound round 
with a rope. The base is placed 
over a pipe which loads to a small 
tank of water for condensing the quicksilver ; a cylindrical spice being left in tlio 
middle of the pina, to give free egress to the mercurial vapours. 

A large bell-shaped cover, called capdlina, is now hoisted up, and carefully lowered 
over the pina, by means of pulleys. A strong lute of ashes, saltierra, and lama is 
applied to its lower edge, and made to fit very closely to the plate on wdiich the 
base stands. A wall of fire-bricks is then built loosely round the capellina, and tliis 
space is filled with burning charcoal, which is thrice replenished, to keep it burning 
all night. After the heat has been applied 20 hours, the bricks and ashes are re- 
moved, the luting broken, and the capellina hoisted up. The burned silver is then 
found in a hard mass, which is broken up, weighed, and carried to the casting-house, 
to be formed into bars. 

It will be observed that quicksilver performs a very important part in the process 
of amalgamation, the silver being through its agency collected from the ore : but this 
is only done by an enormous loss of its own bulk, occasioned in part mechanically 
from its minute subdivision through such an immense mass of matter, but principally 
from the chemical action upon it during the reducing process. The consumption of 
quicksilver varies in different districts, according to the nature of the ores, the climate, 
and the practical skill attained by the operator. 

In some places and on some ore the loss of quicksilver is as low as ten ounces for 
every marc of silver produced, while in others it exceeds 20 ounces ; the average 
loss may, however, be taken to be a pound of quicksilver for every half-pound of silver 
extract^. 

Gay-Lussac, Boussingault, Karsten, and several other chemists of note have offered 
solutions of the amal^mation enigma of Mexico and Peru. The following seems 
to be the most probable rationale of the successive steps of the process : — 

The addition of the magistral (powder of the roasted copper pyrites), is not for the 
purpose of disengaging hydrochloric acid from the sea-salt {saltkrra), as lias been 
supposed, since nothing of the kind actually takes place ; but, by reciprocal or com- 
pound affinity, it serves to form chloride of copper and chloride of iron, upon the 
one hand, and sulf^ate of soda, upon the other. Were sulphuric acid to be used 
instead of the magistral, as certain novices have prescribed, it would certainly prove 
injurious, by causing muriatic acid to exhale. Since the ores contain only at times 
oxide of silver, but always a great abundance of oxide of iron, the acid would partly 
carry off both, but leave the chloride of silver in a freer state. A magistral, such as 
sulphate of iron, which is not in a condition to generate the chlorides, will not suit 
the present purpose ; only such metallic sulphates are useful as are ready to be trans- 
formed into chlorides bjr the saltierra. This is peculiarly the case with sulphate of 
copper. Its proto-chloride ^ves up chlorine to the silver, becomes in consequence a 
snb^loride, while the chlonde of silver, thus formed, is revived, and amalgamated 
with the quidcsilver present, by olectro-chemiail agency which is excited by the 
■aline menstruum; just as the voltaic pile of copper and silver is rendered active by 
a sol ution of sea-salt. A p^on of chloride of mercury will be simultaneously 
to be deeo m p o eed in its turn by the sulphate of silver resulting from the 
mutuid action of the acidified pyrites, and the silver or its oxide in the ore. An 






\j\j 0 


addition of quicklime counteracts the injurious effect of too niucli magistral, by de- 
composing the resulting sulphate of copper. Quicksilver, when introduced iu too great 
quantities, is apt to cool the mass too much, and thereby enfeebles the operation of 
the proto-chloride of copper upon tho silver. 

Washoe Amalgamation Process . — The system of amalgamation largely carried out in 
the silver-works at Nevada, was originally introduced in tho Washoe district, whence 
it derives its name. The ores having been broken by Blake’s stone-breaker, or by 
hammers, are fed into a stamping-mill, where they are crushed wet. The stuff dis- 
charged from the stamps passes to tho settling-tanks, in which tho finely -suspended 
ore is allowed to subside. It is then transferred to the amalgamators, which are 
usually ©ist-iron pans, of which various forms have been constructed by Varney and 
Wheeler, Hepburn and Peterson, and other makers. In these pans tho ore is ground 
with hot water and mercury, often with addition of certain ‘chemicals,’ sucli as 
common salt and sulphate of copper. The impure amalgam is discharged from tho 
pall into the separators or settlers, where it is cleansed, and whence it is generally 
transferred to the agitators. Tho superfluous mercury having been strained away, the 
clean amalgam is retorted, tho mercury being thus distilled off, whilst tho silver 
remains behind, and after melting is cast into ingots. 


1797 



Barrd Amalgamation. — The old amalgamation- works at Halsbriicke, near Preiborg, 
for the treatment of silver ores by mercur}% were much admired, and we will therefore 
give a sketch of their former arrangement. It should bo mentioned, however, that the 
barrel-amalgamation process has not been worked there since 1866. 

Fig. 1797 presents a vertical section of this groat XJsinc or Huttenwerk, subdivided 
into four main departments. The first, a, w, is devoted to the preparation and roast- 
ing of the matters intended for amalgamation. Tho second, n, c, is occupied with 
two successive siftings and the milling. The third, c, d, includes the amalgamation 
apartment above, and the wash-house of tho residuums below. And in tho fourth, 
1 ), K, is pl.'iced the distilling apparatus, where the amalgam is finally delivered. 

1 . In division a, b ; n, a , is the magazine of salt ; 6, 6, is the hall of preparation of 
the ores ; on the floor of which they are sorted, interstratified, and mixed with salt ; 
c, c, are the roasting furnaces; iu each of which wo see, 1, the fireplace; 2, 3, the 
reverberatory hearth, divided into two portions, one a little higher than the other, 
and more distant from the fireplace, called the drier ; tho materials to be calcined 
fall into it through a chimney, 6. The other part, 2, of the hearth is the calcining 
area. Above the furnace are chambers of sublimation, 4, 6, for condensing any vola- 
tile matters which may escape by tho opening 7. e is tho main chimney. 

2. In the division b, c, wo have d, the floor for the cofirse sifting ; beneath, that 
for the fine sieves ; from which the matters fall into the hopper, whence they pass 
dow'n to g, the mill-house, in which they are ground to flour, exactly as in a corn- 
mill, and are afterwards bolted through sieves, p, f, is tho wheel-machinery. 

3. Tho compartment c, d, is tho amalgamation-house, properly speaking, where the 
casks are seen in their places. The washing of tho residuums is effected in the shop 
/, below, k, k, is tho compartment of revolving casks. 

4. In tho division d, k, the distillation process is carried on. There are four similar 
furnaces, represented in different states, for the stike of illustration. ^ The wooden 
drawer is seen below, supporting the cast-iron basin, in which the tripod, with its 
candelabra for bearing the amalgam-saucers, is placed, q is a store chamber. 

^t B, aro placed tho pulleys and windlass for raising the roasted ore, to bo sifted 
and ground ; as also for raising the milled flour, to bo transported to the amalgama- 
tion-casks. At D, tho crane stands for raising the iron bells that cover the amalgama- 
tion candelabra. ‘ 
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DetaiU of the Amalgamation ProcesSf as formerly practised at Halsbrucke. — All ores 
oontaming more than 7 lbs. of lead, or 1 lb. of coppefr, percent., are excluded from this 
reriTing operation {Anguickverfahren) ; because the lead would render the amalgam 
very impure, and the copper would be wasted. They are sorted for the amalgama- 
tion in such a way that uie mixture of the poorer and richer ores may contain 7 J, or, 
at most, 8 loths (of } oz. each) of silver per 100 lbs. The most usual constituents of 
the ores are, sulphur, silver, antimonial silver {Speissglanzsilber), bismuth, sulphides 
of arsenic, of copper, iron, lead, nickel, cobalt, zinc, with several earthy minerals. 
It is essential that the ores to be amalgamated shall contfiin a certain proportion of 
sulphur, in order that they may decompose enough sea-salt in the roasting to disen- 
gage as much chlorine as to convert all the silver present into chloride. With this 
view, ores poor in sulphur are mixed with those that are richer, to make up a deter- 
minate average. The ore-post is laid upon the bed-floor, in a rectangular heap, about 
17 ells long and ells broad (13 yards and 3^); and upon that layer the requisite 
quantity of salt is let down from the floor above, through a wooden funnel ; 40 cwts. 
of salt being allotted to 400 cwts. of ore. The heap being made up with alternate 
strata to the desired magnitude, must be then well mixed, and formed into small bings, 
called roast-posts, weighing each from 3^ to 4^1 cwts. The annual consumption of salt 
at Halsbrucke was 6,000 cwts., supplied by the Prussian salt-works. 

Boasting of the Amalgamation Ores. — The furnaces appropriated to the roasting of 
the ore-posts are of a reverberatory class, provided with soot-chambers. Tliey are 
built alongside the bed-floor, and connected with it by a brick tunnel. Tlie prepared 
ground-ore (£'r;?meAZ) is spread out upon the hearth, and dried with incessant turnings 
over ; then the fire is raised so as to kindle the sulphur, and keep the ore red hot for 
one or two hours ; during which time, dense white- grey vapours of arsenic, antimony, 
and water, are exhaled. The desulphuration next begins, with the appearance of a 
blue flame. This continues for three hours, during which the ignition is kept up ; 
and the mass is diligently turned over, in order to present new surfaces, ;ind prevent 
caking. Whenever sulphurous acid ceases to be formed, the finishing c.alcination is 
to be commenced with increased firing; the object being now to decompose the sea- 
salt by means of the metallic sulphates that have been generated, and to convert them 
into chlorides, with the simultaneous production of sulphate of soda. The stirring is 
to be continued till the proofs taken from the hearth no longer betray the smell of 
sulphurous, but of hydrochloric acid gas. This roasting stage commonly lasts 
three quarters of an hour; 13 or 14 furnaces are worked at the same time at Hnls- 
briicke, and each turns out in a week upon an average 5 tons. Out of the Nicht 
chambers or soot- vaults of the furnaces, from 96 to 100 cwts. of ore-dust are obtained, 
containing 32 marcs (16 lbs.) of silver. This dust is to be treated like unroasted ore. 
The fuel of the first fire is pitcoal ; of the finishing one fir-wood. Of the former lloj 
cubic feet, and of the latter 294 J, are, upon an average, consumed for every 100 cwls. v 
of ore. 

During the last roasting, the ore increases in bulk by oue-fourtli, becoming in con- 
sequence a lighter powder, and of a brown colour. When this process is completed, 
the ore is raked out upon the stone })avement, allowed to cool, tlien screened in close 
sieve-boxes, in order to separate the finer powder from the lumps. These are to be 
braised, mixed with sea-salt, and subjected to another calcination. Tlie finer powder 
alone is taken to the millstones, of which there are 14 pairs in the establishment. The 
stones are of granite, and make from 100 to 120 revolutions per minute. The roa.t ted 
ore, after it has passed through the bolter of the mill, must be as impalpable as the 
finest flour. 

The Amalgamation. — This (the Verguicken') is performed in 20 liorizontal casks, 
arranged in 4 rows, each turning upon a shaft which passes through ite axis ; and all 
driven by the water-wheel shown in the middle of flg. 1797. The casks are 2 feet 
10 inches long, 2 feet 8 inches wide, inside measure, and are provided with iron 
ends. The staves are SJ inches thick, and are bound together with iron hoops. They 
have a double bung-hole, one formed within the other, secured by an iron plug 
fiutoned with screws. They are filled by means of a wooden spout terminated by a 
canvas hose ; through which 10 cwts. of the boiled ore-flour {Erzmehl) are intro- 
duced after 3 cwts. of water have been poured in. To this mixture, from J to J of a 
cwt. of pieces of iron, \\ inch, square, and | thick, are added. When these pieces get 
dissolved, they are replaced by others. The casks being two-thirds full, are set to 
revolve tor 1 J or 2 hours, till the ore-powder and water become a uniform pap ; 
when 6 cwts. of quicksilver are poured into each of them. The casks being again 
made tight, are put in gear with the driving machineiy, and kept constantly re- 
volvmg for 14 or 16 hours, at the rate of 20 or 22 turns per minute. During this 
tbuTSey are twice stopp^ and opened, in order to see whether the pap be ^ the 
jvppssr consisteiioe; for if too tnick, the globules of quicksilver do not readily 
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combine with the particles of ore ; and if too thin, they fall and rest at the bottom. 
In the first case some water must be added; in the second, ore. During the 
rotation, the temperature rises, so that even in winter it sometimes stands so high as 
104° Fahr. 

The chemical changes which occur in the casks are the following : — The metallic 
chlorides present in the roasted ore are decomposed by the iron, whence results 
chloride of iron, whilst the protochloride of copper is reduced partly to subchloride, 
and partly to metallic copper, which throw down metallic silver. The mercury 
dissolves the silver, copper, lead, antimony, in a complex amalgam. If the iron is 
not present in sufficient quantity, or if it has not been worked with the ore long 
enough to convert the cupric chloride into a cuprous chloride, previously to the 
addition of the mercury, more or less of the last metal will be wasted by its con- 
version into protochloride (calomel). The water holds in solution sulphate of sodfi, 
undecomposed sea-salt, with chlorides of iron, manganese, &c. 

As soon as the revivification is complete, the casks must be filled with water, set to 
revolve slowly (about 6 or 8 times in the minute), by which in the course of an hour, 
or an hour and a half at most, a great part of the amalgam will have collected at the 
bottom ; and in consequence of the dilution, the portion of horn-silver held in solu- 
tion by the sea-salt will fall down and be decomposed. Into the small plug in the 
centre of the bung, a tube with a stopcock is now to be inserted, to discharge the 
amalgam into its appropriate chamber. The cock must be stopped whenever the 
brown muddy residuum begins to flow. The main bung being then opened, the 
remaining contents of the casks are emptied into the waak-tm, while the pieces of 
iron are kept back. The residuary ore is found to bo deprived of its silver to within 
of an ounce per cwt. The emptying of all the casks, and charging them 
again,’ tJikes 2 hours; and the whole process is finished within 18 or 20 hours; 
namely, 1 hour for charging ; 14 to 16 hours for amalgamating ; U hour for diluting ; 
1 hour for emptying. In 14 days 3,200 cwts. of ore are amalganiaterl. For working 
] 00 cwts. of ore, 14 tV lbs. of iron are required ; and for every pound of silver obtained, 
3 ozs. of mercury are consumed. 

Trials liave been made to conduct the amalgamation-process in iron casks, heated 
to lo0° or 160° Fahrenheit, over a fire ; but although the desilvering was more coni- 
pleto, the loss of mercury was so much greater .as to more tlian counterbalance that 
advantage. 

Trent mint of the Amalfiam.— lt is first received in a moist canvas bag, through 
whicli the thin uncombinod quicksilver spontaneously passes. The bag is then tied 
up and subjected to pressure. Out of 20 casks, from 3 to 3^ cwts. of solid amalgam 
[ire thus procured, whicli usually consist of 1 part of an alloy, containing silver of 12 
or 13 laths (in 16), and G parts of quicksilver. The foreign metals in that alloy aro 
copper, lead, gold, antimony, cobalt, nickel, bismuth, zinc, arsenic, and iron. The 
filtered quicksilver contains moreover 2 to 3 loths of silver in the cwt. 

Fig. 1798 represents the ap- 
paratus formerly used for dis- 
tilling the amalgam in the Hals- 
briicke works, a is the wooden 
drawer, sliding in grooves upon 
the laisis, q ; n is an open- basin o 

or box of cast iron, laid in the 
wooden drawer; y is a kind of 
iron candelabrum, supported upon 
four feet, and set in the basin, 
b; under d are five dishes or 
plates, of wrought iron, with a 
hole in the centre of each, by 
which they are fitted upon the 
stem of tlio candelabrum, 3 inches 
apart, each plate being successively smaller than the one below it. 3 indicates a 
cast-iron bell, furnished with a wrought-iron frame and hook, for raising it by means 
of a pulley and cord, s is a sheet-iron door for closing the stove, whenever the bell 
has been set in its place. 

^ The box, fl, and tbo basin, b, above it, are filled with water, which must be con- 
tiuuall}! renewed, through ii pipe in tlie side of the wooden box, so that the iron basin 
may be kept always submersed and cool. The drawer, a, being properly placed, and 
the plates under d being charged with balls of amalgam (weighing altogether 3 cwts.). 
the bell, 3, is to ho let down into the water, as at ?/, and rested upon the lower part of 
the candelabrum. Upon the lodge, 1, which defines the bottom of the fireplace, a 
circular plate of iron is Itiid, having a hole in its middle for the bell to pass through. 
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Upon Uiis plate chipd of £r-wood are kindled, then the door, s, which is lined with 
clay, is dosed ai»l luted tight The fuel is now placed in the vacant space, k,. round 
the uppw part of the bell. The fire must be fea*in most gradually, first, with turf, 
then with charcoal; whenever the bell gets red, the mercury volatilises, and con- 
denses in globules into the bottom of the basin, b. At tne end of 8 hours, should no 
more drops of mercury be heard to fall into the water, the fire is stopped. When 
the bell has become cool, it is lifted off ; the plates are removed from the candelabrum, 
d ; and this being taken out, the drawer, a, is slid away from the furnace. The mercury 
is drained, dried, and sent again into the amalgamation-works. The silver is fused 
and refined by cupellation. 

From 3 cwts. of amalgam, distilled under the boll, from 95 to 100 marcs lbs.) of 
TdlertUher (dish-silver) are procured, containing from 10 to 134 parts of fine silver 
out of 16 ; one fifth part of the metal being copper. The teller silver is refined in 
quantities of 160 or 170 marcs, in black-lead crucibles filled within two inches of 
their brims, and submitted to brisk ignition. The molten mass exhales some vapours, 
and throws up a liquid slag, which being skimmed off. the surface is to be strewed 
over with charcoal-powder, and covered with a lid. The heat having been briskly 
urged for a short time, the charcoal is then removed along with any fresh slag 
that may have risen, in order to observe whether the vapours have ceased. If not, 
fresh charcoal must be again applied, the crucible must bo covered, and the heat in- 
creased, till fumes arc no longer 2:)roduced, and the surface of the silver becomes 
tranquil. Finally, the alloy, which contains a little gold, and much copper, being 
now from 11 to 13 Uithig {\haXj is, holding from 11 to 13 parts of fine silver in 16 
parts), is cast into iron moulds, in ingots of 60 marcs. The loss of weight by 
evaporation and skimming of the slag amounts to 2 per cent. ; the loss in silver is 
inconsiderable. 

The dust from the furnace {Ticgclofen) is cx)llected in a large condensation chamber 
of the chimney, and affords from 40 to 50 marcs of silver per cwt. The slags and old 
crucibles are ground and sent to the small amalgamation mill. 

The earthy residuum of the amalgamation cask-s being submitted to a second amal- 
gamation, affords out of 100 cwts. about 2 lbs. of coarse silver. This is first fusiid 
along wi^ three or four per cent, of a mixture of potash and calcined Qitickifah 
(impure sulphate of soda), and then refined. The supernatant liquor that is drawn 



out of the tanks in which the contents of the casks are allowed to settle, consists 
chiefly of sulphate of soda., along with some common salt, sulphates of iron and 
manganese, and a little phosphate, arsenate, and fluoride of sodium. The earthy de- 
posit contains from ^ to T^nds of 
^801 a loth of silver per cwt., but no 

economical method of (‘Xtracting 
this small quantity was used. 

Argentiferous or rich lead is 
treated in Germany by the cupel- 
lation furnace represented in Jigs, 
1799, 1800, 1801, and 1802. 

These figures exhibit the cupella- 
tion furnace of the principal smelt- 
ing work in the Hartz, where the 
following parte must be distin- 
guished : (Jig. 1801) 1, masonry of 
tae iboadation ; % flues for the escape of moisture ; 3, stone covers of the flues ; 4, 
bed hard-ramu^ scorifie ; 5, briclte set on edge, to form the permanent area of 




SILVER 


811 


the furnace ; 0, the sole, formed of wood-aelies, washed, di*ied, and beaten down ; 

dome of iron plate, moveable by a crane, and susceptible of being lined two inches 
thick with loam ; n, n, tuyeres for two bellows, s, having valves suspended before 
their orifices to break and spread the blast; q, door for introducing into the furnace 
the charge of lead, equal to 84 quintals at a time ; s, fig. 1800, two bellows, like those 
of a smith’s forge; y, door of the fireplace, through which billets of wood are 
thrown on the grate; ar, small 
aperture or door, for giving issue 
to the frotliy scum of the cupel- 
lation, and the litharge; rr, basin 
of safety, usually covered with 
a stone slab, over which the 
litharge falls: in case of acci- 
dent the basin is laid open to 
admit the rich had. 

The following is the mode of 
conducting the cupellation : — 

Before putting the lead into the 
furnace, a floor is made in it of 
ashes beaten carefully down (see 
fig. 1801); and there is left in 
tho centre of this floor a circular 
space, somewhat lower than tho rest of the lu'arth, where the silver ought to gather 
at tho end of the operation. The cupel is fully G feet in diameter. 

In forming tho floor of a cupel, 35 cubic feet of washed wood-ashes, usually got from 
the soap-works, are employed. The preparation of the floor requires two and a half 
hours’ work ; and when it is completed, and the moveable dome of iron plate has bi'cn 
lined with loam, 84 quintals (cwts.) of lead are laid on the floor, 42 quintols being 
placed in the part of the furnace farthest from tho bellows, and 42 near to the fire- 
bridge ; to these, scorife containing lead and silver are added, in order to lose nothing. 
Tho moveable lid is now luted on the furnace, and heat is slowly applied in the fire- 
place by burning fagots of fir-wood ; this is gradually raised, Section fiq. 1801, is in 
the line c, d, of fig. 1802. 

At the end of tlu’ee hours, the whole lead being melted, the insbint is watched for 
when no more ebullition can be perceived on the surface of the bath or melted metal ; 
then, but not sooner, the bellows are set a-playing on the surface at the rate of four or 
five strokes per minute, to favour the oxidiition. 

In five hours, reckoned from the commencement of the process, the fire is smartly 
raised ; when a greyish froth (Ahstrich) is made to issue from the small aperture x, of 
tho furnace. This is found to be a brittle mixture of oxidised metals and impurities. 
The workm<'in now glides tho rake over tho surface of tho bath, so as to draw the 
froth out of the furnace ; and as it issues, powdered charcoal is strewefl upon it at 
the aperture x, to ciiiise its coagulation. The froth-skimming lasts for about an hour 
and a half. 

After this time tho litharge begins to form, and it is also led off by a small opening 
.r, its issue being aided by a hook. In proportion as tho floor of the furnace gets 
impregnated with litharge, the workman digs in it a gutter for the escape of the liquid 
litharge ; it falls in front of the small aperture, and concretes in stalactitic forms. 

By means of the two moveable valves suspended before the tuyeres n, n {fig. 1802), 
the workmnu c^n direct the blast as ho wishes over the surface of the metal. The 
wind should be made to cause a slight curl on the liquid, so as to produce circular 
undulations, and gradually propel a portion of tho litharge generated towards the 
edges of tho cupel, and allow this to retjiin its shape till the end of tho operation. 
The stream of air should drive the greater part of the litharge towards the small 
opening x, where the workman deepens the outlet for it, in proportion as the level of 
the metallic bath descends. Litharge is thus obtained during about twelve hours ; 
after which period the cake of silver begins to take shape in tho centre of the cupel. 

Towards tho end of tho operation, when no more than four additional quintals of 
litharge can be looked for, and when it forms solely in tho neighbourhood of the silver 
cake in the middle of the floor, great care must be taken to set apart the latter 
portions, because they contain silvei*. About this period the fire is increased, and the 
workman places befoiro tho little opening x^ a brick, to serve as a mound against the 
efflux of litharge. Tho use of this brick is, — 1, to hinder the escape of the silver in 
case of any accident ; for example, should an explosion tjike place in the furnace ; 
2, to reserve a magazine of litharge, should that still circulating round the silver cake 
bo suddenly absorbed by tho cupel, for in this dilemma the litharge must ho raked 
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back on the eilrer; 8, to prevent the escape of tlio water that must be thrown on the 
silver at the end of the process. 

When the argentiferous litharge, collected in the above small magazine, is to bo 
removed, it is let out in the form of a jet, by the dexterous use of the iron hook. 

Lastly, after twenty hours, the silver cake is seen to be well formed, and nearly 
mrcular. The moment for stopping the fire and the bellows is indicated by the sudden 
disappearance of the coloured particles of oxide of lo.'id, which, in the latter moments 
of oxidation, undulate with ext?reme rapidity over the slightly convex snrface of the 
silver-bath, moving from the centre to the circumference. The phenomenon of their 
total disappearance is called the lightning^ or brightening {Blick). Whenever this 
occurs, the plate of silver being perfectly clean, there is introduced into the furnace 
by the door a wooden spout, along which water, pre\dously heated, is carefully 
poured on the silver. 

The cupellation of 84 quintals of argentiferous lead takes in general eighteen or 
twenty hours. The promptitude of the operation depends on the degree of purity of 
the leads employed, and on the address of tlie operator, with whom also lies the 
economy of fuel, A good workman completes the cupellation of 84 quintals ■vtutli 
300 billets, each equivalent to a cubic foot and ^ths of wood (Hartz measure) ; others 
consume 400 billets, or more. In general, the cnpellatloii of 100 quintals of lead, 
executed at the rate of 84 quint-il charges, ocSfcsioiis a consumption of 790 cubic feet 
of resinous wood-billets. 

The products of th<‘ charge are as follow: — 

1. Silver, holding in 100 marcs, 7 marcs and 3 lotlis of alloy . 21 to 30 marcs. 

2. Pure litharge, containing from 88 to 90 per cent, of lead . 50 ,, 60 quint a Is. 

3. Impure litharge, holding a little silver . . . . 2 „ 6 

4. Skimmings of the cupellation 4 ,, 8 

6. Ploor of the furnace impregnated with litliurgc . . . 22 ,, 30 

The marc is 7 oz. 2 dwts. 4 grs. English troy; tnid tlie loth is half an ounce. 16 
loths make a marc. 100 lbs. Cologne are equal to 103 lbs. avoirdupois ; and the above 
quintal contains 116 Cologne lbs. 

The loss of lead inevital)le by this operation is estimated at 4 parts in 100. It has 
been diminished as much as possible in the Frankcnsclmru works of llio Hartz, by 
leading the smoke into long flues, where the lead-fumes are condensed into a mctMllic 
soot. 



Beduotion of the litharge. — This is sometimes executed in a slag-hearth, with the 

aid of wood-charcoal. 

The following is the series of operations : — 

1. The fhsion of the schlich ; 2, the roasting of the matts under a shed, and their 
treatment by four successive smelting ; 3, tlie treatment of the resulting black cop- 
per; 4, the liquation ; 5, the reliquation (resmage); 6, the refining of the copper; 7. 
the cupellation of the silver; 8, the reduction of the litharge into lead. The fifth and 
sixth processes are carried on at the smelting-works of Altenaii. 

The buildings are shown at a, b, c, and the impelling stream of water at d (fg- 
1808): the upper figure being the elevation ; the lower, the plan of the works. 

0, is a m^Qxig furnace, wiSi a cylinder bellows behind it ; 6, c, «?, furnaces similar 
to the preceding, with wooden bellows, such SLsJig. 1804 ; is a furnace for the same 
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purpose, witli three tuyeres, and a cylinder bellows ; /, the Isrge furnace of fusion, also 
with three tuyeres ; g, a furnace with seven tuyeres, now seldom used ; /i, low furnaces, 
like the English slag-hearths 

{Krummbfen), employed for 1804 jtejl 

working the last 'mattes', k, 

slag-hearths for reducing the | 

litharge ; m, the area of the I ||| 

liquation ; cupellation 11 

x,y, a floor which separates * I ||| 

the principal smelting-houses ^ I I J il l 

into two stories; the mate- 0 jJiHiiiLx 

rials destined for charging / ' I ^ 

the furnaces being deposited |l 

in beds upon the upper floor, 11 

to which they are carried 1 ™ " 

by means of two inclined planes, terraccnl in froiit of the range of buildings. 

t\g. 180o represents such wooden bellows, consisting of two chests or boxes, fitted 
into each other; the upper or moving one being cJillod the Jig, tlie lower or fixed one 
the scat {gUe). In the bottom of the gite tlioro is an orifice furnished with a clack- 
valve, d, opening inwards when the fly is raise<l, and shutting wdicn it falls. In order 
lha.t the air included in the 

(capacity of the two chests 1805 11111111 


wMlo they liru reCained iipoii 

the gite by moans of small 
squtire pi eces of wood, a, a, a, a. 

The latter a, a, are perforated in the centre, and adjusted upon rectangular stems, 
ciilled hichettes ; they 

are attached, at their [U~r ^ 1806 k 

lower ends, to the up- 
right sides of the gite 
o. p is the driving- I 
shaft of a water-wheel, 
which, by means of F 

cams or tappets, do- !] 

presses the fly, while ;] 

the counterweight a, 
raises it again. 

Figs. 1806 to 1809 - 

represent the mode- 
rately high (demi- 
?iauts, or haJf-hlasi) 
furnaces employed in q - 
the works of the Lower 
Hartz, near Goslar, for 
smelting the silvery ^ 1807 

lead ore extracted 
from the mine of 
Rammelsberg. 

Fig. 1806 is the 
front elevation of the 
twin furnaces, built in 
one body of masonry ; 

.fig. 1807 is a plan 
taken at the level of 
the tuyeres. 

Figs.\^0% and 1809 
exhibit two vertical 

sections ; the former in the line A, B, the latter in the line c, P, of fig, 1807. In tll6B6 
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4f, bf e, d, a balcony or platform, which leads to the place of charging, n ; e, /, 
wooden etairs, by which the workmen charging mount from the ground, p, of the 
worfcSi to the platform ; g, h, brickwork of the furnaces ; i, A:, wall of the smelt- 
ing-works, against which they are 
supported; I, upper basin of recep- 
tion, hollowed out of the brasqiie (or 
bed of ground charcoal and clay) 6 ; 

m, arch of the tuyere v, by which 
each furnace receives the blast of two 
bellows ; n, place of charging, which 
takes place through the upper orific(j 

n, 0 , of the basin «, <?, v, r, of the 
furnace; t, a sloping gutter, seen in 
Jig. 1808, formed of slates cemented 
together with clay. 

In Jigs. 1808 and 1809, r is the 
brickwork of the foundations ; con- 
duits for the exhalation of moisture ; 

4, a layer of slags, rammed above ; 

5, a bod of clay, rammed above the 
G, a brasque, composed of one 

1809 





part of clay and 
two parts of 
ground charcoal, 
which forms the 
sole of the fur- 
nace. 

The refinery 
furnace, or Trdh- 
heerd, of Fric-d- 
richshiitte, near 
Tarnowitz, in 
Upper Silesia, is 
represented in 
Jigs. 1810 and 
1811. a, is the 
bottom, made of 
slag or cinders ; 
b, the founda- 
tion, of fire- 
bricks ; c, the 
body of the 
hearth proper, 
composed of a 
mixture of 7 
parts of dolomite 
and 1 of fire- 
clay, in bulk ; 

d, the grate of 
the air-furnace ; 

e, the fire- 
bridge ; /, the 
dome OP cap, 
made of iron- 
plate strength- 
ened with bars, 


fkttd lined with clay-luto, to protect the metal from burning ; g, the door of the fire- 
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place ; A, the ash-pit; f, the tap-hole ; k, the flue, which is divided by partitions 
into several channels ; /, the chimney ; *», a damper-plate for regulating the draught ; 
??, a back valve, for admitting air to cool the furnace, and brushes to sweep the 
flues ; 0, tuyere of copper, which by means of an iron wedge may be sloped more 
or less towards the hearth; j?, the Scknepper^ a round piece of sheet iron, hung 
before the eye of the tuyere, to break and spread the blast ; 5, outlet for the glassy 
litharge. 

Linie-marl has been found to answer well for making the body of the hearth-sole as 
it absorbs litharge freely, without combining with it. A basin-shaped hollow is 
formed in the centre, for receiving the silver at the end of 
the process ; and a gutter is made across the hearth for 
running off the Gliitte or fluid litharge. 

Figs. 1812 to 1814: represent the eliquation hearth of 
Neustadt. Fig. 1812 is a cross-section; jig. 1813 is a 
front view; and jig. 1814 a longitudinal section. It is 
formed by two walls, n, a, 3^ feet high, placed from ^ to 1 
foot apart, sloped oif at top with iron-plates, 3 inches 



1813 


£ 


, 
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thick and 18 inches broad, called Saigerscharten, or refining plates, b, h, inclined 
3 inches tow'ards each other in the middle, so as to leave at the lowest point a slit 
2i- inches wide between them, through which the load, as it sweats out by the heat, 
is allowed to fall into tlie space between the two walls c, called the 8aigergassc 
(sweating-gutter). The sole of this channel slopes down towards the front, so that 
the liquefied metal may run off into a crucible or pot. Upon one of the long sides, 
and each of the shortcsr ones, of the hearth the Avails d, d, are raised 2 feet high, 
and upon these the liquidation lumps rest; upon the other long side, whore there 
is no wall, there is an opening for admitting these lumps into the liearth. The 
openings are then shut with a sheet- or cast-iron plate which, by means of a chain, 
pulley, and counter- weight, may he easily raised and lowered. / is a passage for 
increasing the draught of air. 

Figs. 1815 and 181G represent the refining furnaces of Friedhrieshiitte, near Tar- 
nowitz : n, is the fire-door ; b, the grate ; c, the door for introducing the silver ; d, 
the moveable test, resting upon a couple of iron rods, e, which are let at their ends 
into the brickwork, Tlit^y lie lower than would seem to bo necessary ; but this is 



done in order to bo able to place the surface of tlio test at any desired level, by 
placing tiles, under it; g, the flue, leading to a chimney 18 feet high. For the 
refining of 100 marks of Blicks’dber, of the fineness of 15^ loths (half-ounces) per 
cwt., 3 cubic feet of pit-coal are required. The test or cupel must be heated before 
the impure silver and soft lead are put into it. 

At these smelting-houses from 150 to 160 cwts. of Werkblci or woTk~le<xd (lead con- 
taining silver), are operated on at a time. 

ExtTttction of SilveT by JFet Processes . — Of late years several wet methods of ex- 
tracting silver from its ores and from metallurgical products have been so successfully 
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tm^ojed as to supplantt in many cases, the old processes of amalg^amation and liqua- 
tion pevioosly described. The principal wet processes which have been largely used, 
are tnose of Augusrin, 2SerTOgel, and Yon Patera. 

AugutHn*8 Froceaa, — The argentiferous ore, or the matt or regulus, is first roasted 
with common salt, whereby the silver passes into the state of chloride, wliich is then 
dissolved out by a hot concentrate solution of salt ; chloride of silver being soluble in 
hot brine. Prom this solution, the silver is precipitated by means of metallic copper. 
Thi# process was int:^ncedatthe Mansfeld Kupferschiefer works, in Prussian Saxony, 
by Augustin, in 1849, but was abandoned in 1857. It was used at Freiberg, in 
l&xony, between the years 1849 and 1862. 

Zier\joqeV8 Process . — ^By roasting the argentiferous copper-matts, from the smelting 
of the Kupferschiefer, in a reverberatory furnace, the iron is converted into sulphate, 
which is then decomposed and yields peroxide of iron ; the copper also forms sulphate, 
which is afterwards reduced to black oxide ; and in like maimer, the silver present as 
sulphide is oxidised to the state of sulphate. When, therefore, the roasted product is 
lixiviated with hot water, the sulphate of silver is freely dissolved out, whilst the 
oxides of copper and iron remain insoluble. The silver is precipitated in the metallic 
form by means of copper. This is the process still employed at the Gottosbelohnungs- 
hiitte Silver-extraction works, near Mansfeld. 

Von Patera*8 Process . — This method is based on a suggestion made by Dr. Percy in 
1848. The ore is first roasted with common salt, whereby chloride of silver is directly 
formed, and this chloride is then dissolved out by a cold dilute solution of hyposul- 
phite of soda. The silver is precipitated from this solution as sulphide, by addition 
of sulphide of sodium ; and the silver sulphide is afterwards reduced to metallic silver 
by heating in a muffle-furnace. This process was introduced by Yon Patera at Joa- 
chimstahl, in Bohemia, in 1858, and is believed to be still working. 

Sidphwric Acid Method . — Argentiferous copper-matts are treated with Lot dilute 
sulphuric acid, whereby sulphate of copper is formed, and passes into solution, whilst 
most of the silver and gold present is left in the residues. These are then smelted 
with lead-ores, and the silver extracted from the argentiferous lead. This process is 
now employed at Oker, in the Lower Hartz. 

Pattinson’s process for extracting silver from argentiferous lead is fully described 
under Silveb ; and Claudel’s recent process for recovering silver from the liquors 
obtained in the wet treatment of coppery pyrites, is duly noticed under Pyrites, 

The following statement of the production of silver in all parts of the world is 
given by Mr. J. Arthur Phillips, chiefly on the authority of Dnport and Chevalier. 
See Phillips’s * Gold and Silver ’ : — 


Places 

I86i> 
lbs. troy 

Ratio per cent. 

Bussian Empire 

68,000 

1-5 

Scandinavia 

15,000 

0-4 

Great Britain 

60,500 

1-5 

Hartz 

28,000 

0*6 

Prussia 

68,000 

1*7 

Saxony 

80,000 

2-0 

Other German States j 

2,500 


Austria 

92,000 

2*2 

France 

18,000 

0-4 

Ital^ 

25,000* 

0-6 

Spain 

Australia, New Zealand, British Columbia, 

110,000 

2-8 

and Nova Scotia 

9,500 

0-2 

Chili . 

299,000 

7-3 

Bolivia 

186,000 

3-3 

Peru . . • . . 

299,000 

7-4 

New Qranada , . , 

16,000 

0*4 

i&asil . 

1,600 

0*4 

Medeo 

1,700,000 

42-3 

United States «... 

1,000,000 

25-0 

Total . . 

4,017,000 

100 


ObtaMI from Ha frUand of Sardixiia, where it is found associated with galena. 



SILVER ASSAYING 


817 


The Production of Silver in the United Kingdom has been as foUovce in the last five 

years. 





1869 

1870 

1871 

1872 

1873 

England ; 



ozs. 

osss. 

ozs. 

ozs. 

ozs. 

Cornwall • 



315,714 

292,045 

267,324 

207,710 

129,509 

Devonshire 



27,437 

24,706 

13,805 

10,392 

6,610 

Derbyshire 



1,000 

950 

1,000 

1,000 

750 

Shropshire 



... 

... 


2,960 

2,400 

Yorkshire 



990 

620 

305 

500 

1,500 

Cumberland . 



25,236 

23,387 

47,179 

30,159 

16,175 

Westmoreland 



26,883 

23,096 

28,960 

17.620 

16,860 

Durham and Northumberland . 

85,398 

78,742 

75,776 

72,175 

47,862 

Wales : 








Cardiganshire . 



66,145 

56,553 

46,980 

41,690 

39,869 

Caermar then shire 



2,592 

2,365 

3,180 

2,382 

2,518 

Pembrokeshire 



4,050 

3,847 

1,872 

490 

1,341 

Kadnorshire . 



... 


... 

125 


Montgomeryshire 



30,218 

42,670 

48,145 

55,712 

54,’957 

Merionethshire 




180 

• •ft 


no 

Denbighshire . 


• • 

28,952 

26,512 

21*, 805 

14,479 

11,339 

Flintshire 


a • 

30,617 

27,745 

22,787 

18,650 

12,337 

Carnarvonshire 



480 

121 

447 

500 

2,082 

Isle of Man 



172,839 

172,528 

176,631 

145,433 

163,058 

Ireland • . 



5,480 

2,815 

... 

1,040 

4,420 

Scotland . • 



7,797 

5,680 

5,285 

5,900 

10,720 

Total 

• 

• • 

831,891 

784,562 

761,490 

628,920 

524,307 


The Silver Imported in 1873 was as follows : — 


From 

Spain ..... 

Tons 

837 

Value 

:e22,000 

*> 

United States of America 

1,479 

163,197 

91 

Mexico ..... 

106 

16,019 


New Granada 

158 

10,869 

»> 

Peru ..... 

691 

45,027 

If 

Bolivia 

4,270 

405,155 

If 

Chili 

4,100 

342,066 

>1 

Other countries . , . 

305 

16,260 


Total . . . 11,946 1,020,593 

SZ&V1I& ASSATXXrO. This may bo convoniently divided into: 1. The 
assaying of silver ores ; 2. The assaying of silver and its alloys. 

1. The assaying of silver ores . — The ores are reduced to fine powder, and passed 
through a sieve of 80 holes to the linear inch, and any residual metalliferous particles 
carefully collected and submitted to a separate assay. The total weight of the sample 
is ascertained, in order that the proportion of silver obtained from the residue may bo 
calculated. The sifted portion is well mixed, and submitted to assay by one of the 
following methods : — 

a. Fusion Method . — This process is conducted in crucibles, in an air-furnace similar 
to that described in fig. 533, p. 941, vol. i. (See Copper.) 

In the assay of silver ores not containing lead, it is usmil to obtain the silver they 
afford in the form of an alloy with load ; and this is subsequently passed to the cupel 
in the ordinary way. For the assaying of lead ores containing silver, see Lead. 

Ores of silver in which the associated metals exist in the form of oxides are com- 
monly fused with a mixture of litharge or red lead, and powdered charcoal, by which 
an alloy of lead is obtained, which is afterwards treated by cupellation. The amount 
of litharge employed must be varied according to circumstances, as the resulting 
button should not be too small, since in that case a portion of the silver might be lost 
in the slag ; nor too large, as the cupellation would then occupy a longer time. 

In most cases, if from 100 to 400 grains of ore be operated on, a button of 200 
^ains will be a convenient weight for cupellation ; this may be obtained by the addi* 
tion of 400 grains of litharge, and from 7 to 8 grains of pulverised charcoal. This is 
to bo well mixed with 200 grains of carbonate of soda, and introduced into an earthen 
crucible, of which it should not fill more than one-half the capacity. This is coYered 
Vol. in. 8 G 
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by a lay«* of bovaac, and fused in the assay -furnace, taking care t6 remore it from the 
Am as soon as a perfectly liquid slag has been obtained, since the unreduced lithar^ 
might otherwise cut through the crucible and spoil the assay. When cold, the pot is 
broken, and the button of lead cupelled in the ordinary way, or the liquid-products 
are poured out into a mould (Jig, 534, see Copper), and when cold, the slag is de- 
tached £rom the lead. 

In this, and all other similar experiments, it is necessary to ascertain the proportion 
of silyer contained in the lead obtained from the litharge used, in order to make the 
requisite deduction from the results obtained. When other minerals than oxides are 
to bo examined, the addition of charcoal becomes in many cases unnecessary, since 
litharge readily attacks all the sulphides, arsenio-sulphides, &&, and oxidises many of 
their constituents, whilst a proportionate quantity of metallic lead is set free. The 
slags thus formed contain the excess of litharge, and the button of alloy obtained is 
cupelled. The proportion of oxide of load to be added to ores of this description 
varies in accordance with the amounts of oxidisable substances present ; but it must 
always be added in excess in order to prevent any chance of loss of silver from tho 
action of sulphides in the slags. Tho only objection to this method of assay is tho 
large quantity of lead produced for cupellation, since iron pyrites i afford by the re- 
duction of the litharge 8 J parts of lead, whilst sulphide of antimony and grey copper 
ore yield from 6 to 7 parts. This inconvenience nuiy be obviated by the previous 
oxidation of tho mineral, either by roasting, or by the aid of nitre, by tho judicious 
employment of which, buttons of almost any required weight may be obtained. Should 
this reagent be employed in excess, it would cause tho oxidation of all the metallic 
and combustible substances present, not even excepting tho silver. When, however, 
tho mixture contains at the same time a large excess of litharge, and the quantity of 
nitre added is not sufficient to decompose tho whole of the sulphides, a reaction takes 
place between the undecomposed sulphide and tho oxide . of load added,, which gives 
rise to the formation of metallic lead, and this combining with the silver, affords a 
button of alloy, which may be treated by cupellation. The quantity of nitre to be 
used for this purpose will depend on tho nature and richness of the ores under exami- 
nation ; but it must be remembered tliat p<arts of nitre will decompose and com- 
pletely oxidise pure iron pyrites, whilst 1 J and of its weight are in the case of 
sulphide of antimony and galena respectively sufiicient. In cases where the excess of 
sulphur present is very great, a partiarroasting of the ore is preferable to the addition 
of a laige quantity of nitre. Instead of operating according to any of tho processes 
above described, it is sometimes found advantageous to expel tho whole of the arsenic 
and sulphur, by a careful roasting, and then to fuse the residue with a mixture of litharge, 
carbonate of soda, and borax, taking care -to add a sulfici enf amount of some reducing 
flux to obtain a button of convenient size. When, in addition to silver, tho mineral 
operated on contains gold, tho button obtained by cupellation will consist of a mixture 
of these metals, which may be separated by the aid of nitric acid. See Gold Assayino. 

5. 8oor\ficatvm Method , — This process is conducted in a muflle-fumaco. A cup- 
shaped vessel or scorifier of fire-clay is employed, which varies in size according to the 
quantity of ore operated on. The scorifier represented in 
fg. 1816 a is 2\ inches in diameter at the top, and the in- 
ternal cavity is | of an inch in depth. Tongs of peculiar 
construction, and varying from 2 feet 3 inches to 3 feet 
in length, are used for lifting the scorifiers, tho lower leg 
being divided near the end into a two-pronged fork, in 
order to grasp the lower part of the vessel, while the upper 
leg is made straight, and holds it firmly on the upper sur- 
face. Scorification is a roasting-fiision process. Tho 
sulphur and other oxidisable substances present are roasted 
or decomposed by the oxide of lead produced, and atmospheric air. Wlien tliese are 
decomposed, the oxide of lead produces a fusible slag with the silica and other matters 
present in the ore. The silver alloys with the lead retained in tho lower part of the 
soorifler. llie process may be conducted as follows :-~60 or 100 ^s. of the finely- 
dividsd ore are weighed out and transferred to the scorifier. Tho ore is now mixed with 
abmit half of flnely-grannlated lead required for the assay, and the other portion 
is afterwards placed upon the top. From 10 to 20 times its weight of lead is used, 
aceordiag to the nature of the vein-stufi^ and minerals present ; a small quantity of borax 
is also aoded. The scorifler is now ‘placed in a muffle, and the heat increased until 
fssion ooenss. The door of the muffle is now partly removed, in order to admit more 
air, and aiknr the oxidation of the lead and olhor substances to proceed. When tho 
•uriheedf the lead k covered with, slag» the scorifler is removed, and its contents poured 
into an Iroii amnld, 9m fg* A34 (CofpmbI When cold, the slag is detached, the sub- 
kBttod U oupeUatat the Mtton of mlver weighed. The button of lead should be 
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«oft and malleable, and from 200 to 300 gre. in weight ; larger buttons should be reduced 
in weight by rescorifying. The slag should be free from small lumps, and perfectly 
fused before pouring. All silver ores may be assayed by this method, and several 
assays made at one time, but a fusion -method is preferable for ores poor in silver. 
Where a number of assays are made by the scorification process, a muffle-furnace of 
somewhat larger dimensions is constructed than that described under the Assaying of 
Silver Alloys. With poor ores, four or more scorifiers are charged with weighed por- 
tions of ore and lead, and the resulting buttons of lead reduced to one button by re- 
peated scorification, and then finally cupelled. Correction must be made for the silver 
contained ip the amount of granulated lead employed. 

In England the results obtained from the assays are reported to ounces, penny- 
weights, and grains troy, upon the statute ton of 2,240 lbs. The calculations may 
be made by the following Table : — 


Table showing the weight of silver to the ton of ore or alloy corresponding to the weight 
in grains obtained from 400 grains of the substance operated on. 


If 400 prftiuB give 
fine metal. 

One ton will yield 

If 400 grains give 
fine metal, 

One ton will yield 

grains 

ozs. 

dwts. 

grs. 

grains 

ozs. 

dwts. 

grs. 

•001 

0 

1 

15 

•600 

49 

0 

0 

•002 

0 

3 

6 

•700 

57 

3 

8 

•003 

0 

4 

21 

•800 

65 

6 

16 

•004 

0 

6 

12 

•900 

73 

10 

0 

•006 

0 

8 

4 

1-000 

81 

13 

8 

•006 

0 

9 

19 

1*500 

122 

10 

0 

•007 

0 

11 

10 

2000 

163 

6 

IG 

•008 

0 

13 

1 

2-500 

204 

3 

8 

•009 

0 

14 

16 

3-000 

245 

0 

0 

•010 

0 

16 

8 

3-500 

285 

16 

16 

•020 

1 

12 

16 

4-000 

326 

13 

8 

•030 

2 

9 

0 

4-500 

367 

10 

0 

•040 

3 

5 

8 

6*000 

408 

6 

16 

•050 

4 

1 

16 

5-500 

449 

3 

8 

•060 

4 

18 

0 

6-000 

490 

0 

0 

•070 

5 

14 

8 

6-500 

530 

16 

16 

•080 

G 

10 

16 

7000 

571 

13 

8 

•090 

7 

7 

0 

7*600 

612 

10 

0 

•100 

8 

3 

8 

8*000 

653 

6 

16 

•200 

16 

6 

16 

8*500 

694 

3 

8 

•300 

24 

10 

0 

9*000 

735 

0 

0 

•400 

32 

13 

8 

9*600 

775 

16 

6 

•500 

40 

16 

16 

10-000 

816 

13 

8 


2. The Assaying of Silver and its Alloys, — This is conducted by the dry and wet 
methods. 

a. Dry Method — by Cupellation {Coupellation, Fr. ; Ahireiben avf der Cupelle^ Ger.). 
The assay by this method is made upon a cupel, and the process is conducted in a 
cupollation-furnace, or a muffle-furnace. The art of assaying silver by the cupel is 
founded upon the feeble affinity which this metal has for oxygen, in comparison with 
lead and copper, aiid other metals ; and on the tendency which the latter metal has to 
oxidise rapidly in contact with lead at a high temperature, and sink with it into any 
porous earthy vessel in a thin glassy or vi triform stiito. The porous vessel may be 
made either of wood-ashes, freed from their soluble matter by washing with water ; 
or, preferably, of burned bones, or bone-ash, reduced to a fine powder. The cupels 
allow the fused oxides to bo absorbed into them like a sponge, but are impermeable to 
the particles of metals ; and thus the former pass readily down into their substance, 
while the latter remain upon their surface : a phenomenon owing to the circumstance 
of the oxides moistening, as it were,, the bone-ash powder, whereas the metals can 
contract no adherence with it. Hence also the liquid metals preserve a hemispherical 
shape in the cupels, as quicksilver does in a cup of glass, while the fused oxide spreads 
over, and penetrates their substance, like water. 

If wo put into a cupel, therefore, two metals, of which the one is unalterable in the 
air, the other susceptible of oxidisement, and of producing a very fusible oxide, it is 
obvious that, by exposing both to a proper degree of heat, we shall succeed in 
separating them. We i^ould also succeed, ^ough the oxide were infusible, by plaeiBg 
it in contact with another one, which may render it fnsible. In both ceseSt howevwb 

3o2 
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the metal from which we wish to part the oxides must not be Tolatile : it shonld also 
melti and fir m a hatton at the heat of cupellation ; for, otherwise, it wonld continue 
disseminated, attached to the portion of oxide spread orer the cupel, and incapable of 
being collect^. 

Furnace and Imptemente * — ^The cupellation-furnace and implements used fca* assay- 
ing in the Boyal Mint and Goldsmiths* Hall, in the City of London, are the fol- 
lowing: — 

A. kk A (Jiff. 1817) is a front elevation of an assay-furnacc : a a, a view of one of the 
two iron rollers on which the furnace rests, and by moans of which it is moved for- 





ward or backward j h, the ash-pit ; c c are the ash-pit dampers, which arc moved in a 
horizontal direction towards each other for regulating the draught of the furnace ; t?, 
the door, or opening, by which the cupels and assays are introduced into the muffle ; 
e, a moveable funnel or chimney by which the draught of the furnace is increased. 

B B B B (Jiff, 1818) is a vertical section of fy. 1817: o a, end view of the 

rollers ; b. the ash-pit ; c, one 
1819 ‘^20 of file ash-pit dampers ; d, 

_ ^ grate, over which is the 

plate upon which the muffle 
rests, and which is covered 
I 'with loam nearly one inch 
I I ' thick; /, the muffle in scc- 

I I ' tion, representing the situa- 
tion of the cupels; the 
mouth -plate, and upon it are 
laid pieces of charcoal, which, 
during the process, are ignited, and heat the air that is, allowed to pass over the 
cupels, as will be more fully explained in the sequel ; 4, the interior of the furnace, 
exmbiting the fuel. 

The total height of the furnace is 2 feet 6^ inches ; from the bottom to the grate, 
6 inches ; the grate, muffle, plate, and bed of loam, with which it is covered, 3 inches ; 
from the upper surface of the grate to the commencement of the funnel, c, jig. 1817, 






9 

n 



i 

1 

i 

1 


81 i inches ; the funnel e, 6 inches. The square of the furnace which receives the 
mtmla and ^1 is 11} inches hj 15 inches. The external sides of the furnace are 
made of plates of wrought iron, aud are lined with a 2-inch fire-brick. 

c c-ccify, 1819) is a horizontal section of the furnace over the grate, showing the 
width cfUm month-pisoe, or plate of wrought iron, which is 6 inches, and the opening 
whkh fooilfw the 
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Fig, 1820 represents the muffle or pot, which is 12 inches long, 6 inches bioftd in- 
side ; in the clear 6f ; in height inside measure, and nearly 6^ in the clear. 

Fig, 1821, the muffle-plate, which is of the same size as the bottom of the muffle. 

Fig. 1822 is a representation of the sliding-door of the mouth-plate, as shown at 
in^. 1817. 

Fig. 1823, a front view of the mouth-plate or piece, d^jig, 1817. 

Fig. 1824, a representation of the mode of the making, or shutting-up, with pieces 
of charcoal, the mouth of the furnace. 

Fig, 1825, the teaser, for cleaning the grate. 

Fig, 1826, a larger teaser, which is introduced at the top of the furnace, for keeping 
a complete supply" of charcoal around the muffle. 

Fig. 1827, the tongs used for charging the assays into the cups. 

Fig. 1828 represents a board of wood used as a register, and is divided into 46 equal 
compartments, upon which the assays are placed previously to their being introduced 
into the furnace. When the operation is performed, the cupels are placed in the fur- 
nace in situations corresponding to these assays on the board. By this means all 
confusion is avoided, and without this regularity it would be impossible to preserve 
the accuracy which the delicate operations of the assayer require. In the furnace 
above described 45 assays can be made at one time. Of late years some modifications 
and improvements have been introduced in the above furnaces in the Royal Mint and 
other assay offices. The fuel employed is charcoal, coke, or anthracite. (See Mint.) 

We now proceed to a description of a small assay-furnace invented by Messrs. 
Anfryo and D’Arcet, of Paris. They termed it, Ic petit Fourneau d Coupelle. Fig. 1829 
represents this furnace, which is composed of a chimney or pipe of wrought iron, a, 
and of the furnace, n. It is 17i inches high and 7^ inches wide. The furnace is 
formed of three pieces : of a dome, a ; the body of the furnace, b ; and the ash-pit, c, 
which is used as the base of the furnace,/^.?. 1829 and 1839. The principal piece, or 
body of the furnace, b, has the form of a hollow tower, or of a hollow cylinder, flat- 
tened equally at the two opposite sides parallel to the axis, in such a manner that the 
horizontal section is 
elliptical. Tlio foot 
which supports it is 
a hollow truncated 
cone, flattened in like 
manner upon the two 
opposite sides, and 
having consequently 
for its basis two 
ellipses of different 
diameters : the small- 
est ought to be equal 
to that of the furnace, 
so that the bottom of 
the latter may exactly 
fit it. The dome, 
which forms an arch 
above the furnace, has 
also its base ellip- 
tical ; whilst that of 
the superior orifice, 
by which the smoke 
goes out, preserves 
the cylindrical form. 

The tube of wrought 
iron is 18 inches 
long, and 2^ inches 
in diameter; having 
one of its ends a 
little enlarged, and 
slightly conical, that 
it may be exactly 
fitted or jointed upon 
the upper part of the 
furnace-dome, d {fig. 

1829). At the union 

of the conical and cylindrical parts of the tube.there is plw4 a small gallerr of izoa, 
figs, 1829, 1830* (Sec also a plan of it, fig, 1831). This gallezy is both ingemooi 
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ftnd iltHifcil. ITpoa it aiw pku^ed tlie cupels, ■which are thus annealed during the 
OEdinaiy wwk of the fumace, that they may be introduced into the muffle when it 
is brtwght into its proper degree of heat. A little above this gallery is a door,/, by 
which, & thought proper, the charcoal could be introduced into the fiu*nace ; above 
that there is placed, at a throttle- valve, which is used for regulating the draught 
of the furnace at pleasure. Messrs. Anfrye and D’Arcet say, that, to give the furnace 
the neceisaiy degtoe of heat so as to work assays of gold, the tube must be about 
18 inches above the gallery for annealing or heating the cupels. The circular opening 
in the dome, h {Jig, 1829, and as seen in section /< 7 . 1830), is used to introduce the 
charcoal into the furnace : it is also used to inspect the interior of the furnace, and to 
arrange the charcoal round the muffle. This opening is kept shut during the work- 
ing of the furnace, •with the mouth-p5e<», of which the face is seen at w. Jig. 1 830. 

The section of the furnace, Jig. 1830, presents several openings, the principal of which 
is that of the muffle ; it is placed at i ; it is shut with the semicircular door 7n,fig. 1 829, 
and seen in the section m,Jig. 1830. In front of this opening, is the table or shelf 
upon which the door of ^0 muffle is made to advance or recede. The letter q,Jig. 
1830, shows the face, side, and cross-section of the shelf, which makes part of the f^ur- 
naee. Immediately under the shelf is a horizonUil slit, /, which is pierced at tlio level 
of the upper part of the grate, and used for the introduction of a slender rod of iron, 
that the grate may be easily kept clean. This opening is shut at pleasure, by the 
wedge represented at k.Jigs. 1829 and 1830. 

Upon the back of the furnace is a horizontal slit, p,Jig. 1830, which supports the 
fire-brick, «, and upon which the end of the muffle, if necessarj^ may rest ; «, Jig, 1830, 
is the opening in the furnace where the muffle is placed. 

The plan of the grate of the furnace is an ellipse : Jig. 1832 is a horizontal view of 
it The dimensions of that ellipsis determine the general form of the furnace, and 
thickness of the grate. To give strength and solidity to the grate, it is encircled by 
a bar or hoop of iron. There is a groove in which the hoop of iron is fixed. The 
holes of the grate are truncated cones, having the greater Ixise belo'w, that the ashes 
may more easily fall into the ash-pit. The letter v, Jig. 1830, shows the form of those 
holes. The grate is supported by a small bank or shelf, making part of the furntaco, 
as seen at a, Jig. 1830. 

The ash-pit, c, has an opening, y, in front, /y. 1830; and is shut when necessary 
by the mouth-piece, rejigs, 1829 and 1830. 

To give strength and solidity to the furnace, it is bound with hoops of irou, at 
bb b bfjig. 1820. 

Figs, 1833, 1834, 1835, are views of the muffle. 

Fig, 1836 is a view of a crucible for annealing gold. 

Figs. 1837, 1838, 1839, are cupels of various sizes, to be used in the furnace. They 
are the same as those used by assayers in their ordinary furnaces. 

Figs. 1840 and 1841 are views of the hand-shovels, used for filling the furnace with 
charcoal ; they should be made of such size and form as to fit the opening k, in Jigs. 

1820 and 1880. 

The smaller pincers or tx)ngs, by which the assays are charged into the cupels, and 
by which the latter are “withdrawn from the furnace, as well as the teaser for cleansing 
the grate of the furnace, are similar to those used at the British Mint. (See Mint.) 

Oupd-moidd; Cupels, — The cupels used in the assay process are made of the ashes of 
burnt bones (phosphate of lime). The cupels are formed in a cupel-mould made of 
cast steel, very nicely turned, by which means tliey are easily freed from the mould 
when struck. The bone-ash is used moistened with a quantity of water, sufficient to 
make the particles adhere firmly together. The circular mould is filled, and pressed 
level with its surface ; after which, a pestle or plug, having its end nicely turned, of a 
convex shape, and of a size equal to the degree of concavity wished to bo made in the 
cupel for the reception of the assay, is placed upon the ashes in the mould, and struck 
with a mallet until the cupel is properly formed. These cupels are allowed to dry in 
the air for some time before they are used. 

The assay by cupellation may be conducted as follows : — 

We begin this assay process by weighing, in a delicate balance, a certain weight of 
the metallic alloy; a gramme (« 16-432 gr.) is usualljr taken in France, and 10 or 12 
grains in tiiis countiy. Ho weight is wrapped up in a slip of lead-foil or paper, 
shoold It consist of seveinl fragments ; and there is added to it the proportion of lead 
suitable to the qnalitv of alloy to be assayed ; there being less load, the finer the 
rilvsr is presttsm to oe. Those who are much in the habit of cupellation can make 
good guesses in this way. If much lead be used for the proportion of baser metal 
(iresent, a portion of the ailver is wasted ; but if too little, then the whole of the cop-*. 
ii not camied effa and the button of fine silver remains more or less impure. The 
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lead must be, in all cases, as free as practicable from silver ; otherwise errors of the 
most serious kind would be occasioned in the assays. 

The assay is then placed upon a cupel which has been previously heated to the 
proper temperature in the muffle, and the door closed. Fusion immediately occurs, 
and the cupellation be^i^ns when the uncovering, or removal of the black skin of oxide 
of lead takes place. The oxidation of the lead proceeds rapidly, and the spots of oxide 
formed on the surface are rapidly absorbed by the cupel. Near the completion of the 
assay the oxide forms thin films or bands ; and when the surface of the silver becomes 
bright and immoveable , as the brightening occurs, the cupellation is finished. The 
cupel is now allowed to remain in the muffle until the temperature is diminished and 
the silver is solid. It is now removed from the muffle, and when cold the button of 
silver is detached from the cupel by a pair of pliers squeezed or hammered on the side, 
the under surface cleaned by means of a hard brush, and finally weighed. An assay 
is thought to be good when the bead is of a round form, if its upper surface is brilliant 
and crystalline, its lower surface granular and dead white, and if it separates readily 
from the cupel. When copper is present the oxide of copper produced forms a fusible 
compound with the oxide of lead and passes into tlie cupel. The proportion of lead 
added varies with the amount of copper present in the alloy operated on. 


Quantity of Lead to he cm^hnjid for Cupellation of Alloys of Copper and Silver 
(M. D’Axcet). 


Alloy 

Lead for 1 of alloy 

natio of ihc copper 
to the lead 

Silver 

- 

Copper 

1000 

0 


0 

950 

50 

3 

1 : 70 

900 

100 

7 

1 : 60 

800 

200 

10 

1 : 50 

700 

300 

12 

1 : 40 

600 

400 

14 

1 : 35 

500 

500 

16 or 17 

1 : 32 

400 

600 

16 — 17 

1 : 267 

300 

700 

16 — 17 

1 : 22*9 

200 

800 

16 — 17 

1 : 20 

100 

900 

16 — 17 

1 : 17-8 

0 

1000 

16 — 17 

1 : 16 


Bismuth may be used as a substitute for lead in cupellation ; two parts of it being 
nearly equivalent to three of load. But its higher price prevents its introduction 
among assayers. 

During the process of cupellation, a portion of the silver is absorbed by the cupel, 
varying in amount according to the temperature and the quantity of lead employed. 
This loss is estimated and added on to the weight of the button of silver obtained. 
The results are returned on 1,000 parts or on the pound troy. It is also customary 
to re^rt the assays in relation to standard. For example, English standard silver 
contains 925 parts of silver in 1,000 of alloy. If the result obtained was 920, it would 
be reported 5 w., or 6 parts in 1,000 worse than standard, and 930 would be reported 
6 n., or 5 parts better than standard. 

An assay may prove defective for several reasons. Sometimes the button or bead 
sends forth crystalline vegetations on its surface with such force as to make one sup- 
pose a portion of the silver may be thrown out of the cupel, technically called 
‘ spiiting^^ When the surface of the bead is dull and flat, the assay is considered to 
have been too hot, and it indicates a loss of silver in fumes. When the tint of the 
bead is not uniform, when its inferior surface is bubbly, when yellow scales of oxide 
of lead remain on the bottom of the cupel, and the bead adheres strongly to it, — by 
tliese signs it is judged that the assay has been too cold, and that the silver retains 
some lead. After the lead is put into the cupel, it gets immediately covered with a 
coat of oxide, which resists the admission of the silver to be assayed into the melted 
metal ; so that the alloy cannot form. When a bit of silver is laid on a lead-bath in 
this predicament, we see it swim about a long time without dissolving. In order to 
avoid this result, the silver is wrapped up in a bit of paper ; and the carboTetted 
hydrogen generated by its combustion reduces the film of the lead oxide, gives the 
bath immediately a bright metallic lustre, and enables the two metals readily to 
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•cotobine. Ab the heat rises, the oxide of lead flows round about over the surface, 
till it is absorbed by the cupel. When the lead is wasted to a certain degree, a 
'very thin film of it only remains on the silver, which causes the iridescent appearance 
like the colours of soap-bubbles ; a phenomenon called, by the old (^emists^ 
fhlguration. 

When the cupel cools in the progress of the assay, the oxidation of the lead 
ceases ; and, instead of a very liquid vitreous oxide, an imperfectly-melted oxide is 
formed, which the cupel cannot absorb. To correct a cold assay, the temperatiire of 
the furnace ought to be raised, and pieces of paper put into the cupel, till the oxide of 
lead which adheres to it be reduced. On keeping up tlie heat, the assay will resume 
its ordinary train. Pure silver is more liable to vegetate. Some traces of copper 
destroy this property, which is obviously due to the oxygen which tho silver can 
absorb while it is in fusion, and which is disengaged the moment it solidifies. An 
excess of lead, by removing all the copper at an early stage, tends to cause tho vege- 
tation. Tho brightening is caused by the heat evolved when the button passes from 
the liquid to the solid state. Many other substances present the same phenomenon. 
In the above operation it is necessary to employ lead which is very pure, or at least 
free from silver. This is called poor lead. Tho lead reduced from Pattinson’s 
‘oxychloride’ is very free from silver; the lead reduced from the litharge of com- 
merce usually contains 10 dwts. or more of silver per ton. 

2. Wei Methods, (a.) By 'means of a Standard Solution of Salt or Chloride of 
Sodium . — Tho process by the humid way, recommended at the Royal Mint in 1 829, and 
exhibited as to its principles before tho Right Honourable John Herries, then Master, 
in 1830, has all the precision and certainty we could wish. It is founded on the well- 
known property which silver has, when dissolved in nitric acid, to be precipitated as an 
insoluble chloride of silver by a solution of salt or by muriatic acid ; but, instead of 
determining the weight of tho chloride of silver, we tiiko the quantity of the solution 
of salt which has been necessary for the precipitation of the silver. To put the process 
in execution, a liquor is prepared composed of water and salt in such proportions that 
1,000 measures of this liquor may precipitate completely 10 grains of silver, perfectly 
pure or of the standard 1,000, previously dissolved in nitric acid. The liquor thus 
prepared gives, immediately, the true standard of any alloy whatever, of silver and 
copper, by the quantity of which it may be necessary to precipitate the silver in a 
known weight of this alloy. 

The process by the humid way is, so to speak, independent of the operator, tho mani- 
pulations being very easy ; and the term of tho operation is very distinctly announced 
by the absence of any sensible turbidity on tho addition of salt to the silver solution, 
while there remains in it one quarter of a thousandth of metal. The process is not 
tedious, and in experienced hands it may rival the cupel in rapidity; it has the 
advantage over the cupel of being more within the reach of ordinary operators, and 
of not requiring a long apprenticeship. It is particularly useful to such assayers 
as have only a few assays to make daily, as it will cost them very little time and 
expense. 

^ By agitating briskly, during two minutes, the liquid rendered milky by tho pre- 
cipitation of the chloride of silver, it may be sufficiently clarified to enable us to 
appreciate, after a few moments of repose, the disturbance that ciin be produced in 
it by the addition of 1000th of a grain of silver. The presence of lead and copper, 
or any other metal, except mercury, has no perceptible influence on tho quantity of 
salt necessaiy to precipitate the silver ; that is to say, the same quantity of silver, 
pure or alloyed, requires for its precipitation a constant quantity of tho solution of 
salt. 

Supposing that we operate upon a gramme of pure silver, the solution of salt ought 
to be such ^at 100 cubic centimeters may precipitate exactly the whole of the silver. 
The standard of an alloy is given by the number of thousandths of solution of salt 
necessary to precipitate the silver contained in a gramme of alloy. 

When any mercury is accidentally present, which is however, a rare occurrence, 
it is made obvious by the precipitated chloride remaining white when exposed to 
daylight ; whereas, when there is no mercury present, it becomes speedily first grey 
and then purole. Silver so contaminated must be strongly ignited before being 
aisw^ anid the loss of weight noted ; or a cupel assay may be had recourse to. 

The following is a description of the process and apparatus as first introduced by 
Oay-Xiussac: — 

Pnpa/NSUim the Normal Solution of Salt when it is meamred by Weight. — Sup- 
posing the nit pure as well as the water, we have only to take these two bodies in 
the poportion of 0*5487 k. of salt to 09*4673 k. of water, to have 100 k. of solution, 

wnm 100 grammes will precipitate exactly one gramme of silver. 'But instead of 
pure eah, wlm is to be procured with difficulty, and which besides may be altered 
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4 *oadiIy by absorbinfjf the humidity of the air, a concentrated solution of the salt of 
commerce is to bo preferred, of which a large quantity may be prepared at a time to 
be kept in reserve for use, as it is wanted. 

Preparation of the Normal Solution of Salt when measured hy Volumt . — The 
measure by weight has the advantage of being independent of temperature, of having 
the same degree of precision as the balance, and of not standing in need of correction. 
The measure by volume has not all these advantages ; but, by giving it sufficient 
precision, it is more rapid. This normal solution is so made, that a volume equal to 
that of 100 grammes of water, or 100 cubic centimeters, at a determinate temperature, 
may precipiUte exactly one gramme of silver. The solution may be kept at a con- 
stant temperature, and in this case the assay stands in no want of correction ; or if its 
temperature bo variable, the assay must be corrected according to its influ#*nce. These 
two circumstances make no change in the principle of the process, but they are 
sufficiently important to occasion some modifications in the apparatus. 

We readily obtain a volume of 100 cubic centimeters by means of apipetiejfig, 
184:1, so gauged, that when filled with water up to the mark a h, and well dried at 
its point, it will run out, at a continuous efflux, 100 grammes of water at the tem- 
perature of lo° C. (59° F.) We say purposely at one efflux, because after the cessa- 
tion of the jot, the pipette may still furnish two or three drops of liquid, which must 
not be counted or reckoned upon. The weight of the volume of the normal solution, 
tiiken in this manner with suitable precautions, will bo uniform from one extreme to 
another, upon two centimeters and a half, at most, or to a quarter of a thousandth, 
and the difference from the mean will bo obviously twice less, or one half. Let us 
indicate the most simple manner of taking a measure of the normal solution of 
salt. 

After having immersed the beak, c, of the pipette in the solution, wo apply suction, 
by the mouth, to the upper orifice, and thereby 
raise the liquid to d, above the circular lino a b. 

Wo next apply neatly tlio forefinger of one hand 
to this orifice, remove the pipette from the liquid, 
and seize it as represented in fy. 1842. The 
mark a h being placed at the level of the eye, 
we make the s\irfaco of the solution become 
exactly a tangent to the plane a h. At the instant 
it becomes a tangent, wo leave the beak, c, of 
the pipette open, by biking away the finger that 
had been applied to it, and without changing 
anything else in the position of the hands, we 
empty it into the bottle which should receive the 
solution, taking care to remove it whenever the 
efflux has run out.^ 

If, after filling the pipette by suction, anyone 
should find a difficulty in applying the fore- 
finger fast enough to the upper orifice without 
let ling the liquid run down below the mark 
a h, he should remove the pipette from the 
solution with its top still closed with his tongue, 
then apply the middle finger of one of his hands 
to the lower orifice ; after which ho may with- 
draw his tongue, and apply the forefinger of 
the other hand to the orifice previously wiped. 

This method of obtaining a measure of normal 
solution of sea-salt is very simple, and requires no complex apparatus; but we 
shall indicate another manipulation still easier, and much more exact. 

In this now process the pipette is filled from the top like a bottle, instead of being 
filled by suction, and it is moreover fixed. Fig, 1843 represents the apparatus, d 
and n' are two sockets, separated by a stopcock n. The upper one, tapped interiorly, 
receives by means of a cork stopper, l, the tube t, which admits the solution of sea- 
salt. The lower socket is cemented on to the pipette ; it bears a small air-cock s', 
and a screw-^lug v, wliich regulates a minute opening intended to let the air enter 
very slowly into the pipette. Below the stopcock b', a silver tube, w, of narrow 
diameter, soldered to the socket, leads the solution into tlie pipette, by allowing the 
air, which it displaces, to escape by the stopcock, b'. The screw-plug, with ^e 
milled head, v, replaces the ordinary screw by whicli the key of the stopcock may 
be made to press, with more or less force, upon its conical seat. 

Fip. 1844 represents a side view of the apparatus just described. We here remark 
an air-cock b, and an opening At the extremity q, of the same hguro, the , 


1842 




816 


SILVER ASSAYING 


^p«T eators with fSriedon. It is by this pipe that the air is sacked into the pipette, 
a^en it is to be filled f^K)in its beak. 

OThe pipette is supported by two horizontal arms h k (^. 1845) moveable about a 
common axis, a a, and capable of being drawn out or shortened by the aid of two 
longitudinal slits. They are fixed steadily by two screw-nuts, e c', and their distance 
may be varied by means of round bits of wood or cork interposed, or even by opposite 
screw-nuts, o o'. The upper arm h is pierced -with a hole, in which is fixed, by the 
pressure of a wooden screw n, the socket of the pipette. The corresponding hole of 
the lower arm is larger ; and the beak of the pipette is supported in it by a cork 8to|>- 
per, L, The apparatus is fixed by its tail-piece p, by means of a screw to the corner 
of a wall, or any other prop. 

The manner of filling the pipette is very simple. Wo begin by applying the fore- 
finger of the left hand to the lower aperture, c ; we then open the two stopcocks r and 
n'. Whenever the liquor approaches the neck of the pipette, we must temper its 
influx, and when it has arrived at some millimeters above the mark a h, we close the 
two stopcocks, and remove our forefinger. We have now nothing more to do than 
to regulate the pipette ; for which purpose the liquid must touch the line a b, and must 
sitnply adhere externally to the beak of the pipette. 

This last circumstance is easily adjusted. After taking away the finger which closed 
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the aperture c of the pipette, we apply to this 
orifice a moist sponge, m, 1846, to absorb 
the superfluous liquor as it drops out. This 
sponge is called the ‘handkerchief’ by M. Gay- 
Lussac {mouchoir). The pipette is said to be 
wiped, when there is no liquor adhering to its 
point exteriorly. 

For the convenience of operating, the handker- 
chief is fixed by friction in a tube of tin-plate, 
terminated by a cup, open at bottom to let 
the droppings flow off into the cistern c, to 
which the tube is soldered. It may be easily removed for the purpose of washing it ; 
and, if necessary, a little wedge of wood, o, can raise it towards the pipette. 

To complete the adjustment of the pipette, the liquid must bo made merely to descend 
to the mark a, h. With this view, and whilst the handkerchief is applied to the beak 
of the pipette, the air must be allowed to enter very slowl3% by unscrewing the ping v, 
1843; and at the moment of the contact, the handkerchief must be removed, and the 
bottle F, destined to receive the solution, must bo placed below the orifice of the pipette, 
Jw* 1346. As the nn^ion must be made rapidly, and without hesitation, the bottle is 
placed in a ^Hnder of tin-plate, of a diameter somewhat greater, and forming one 
body wfCh the cistern and the handkerchief. The whole of this apparatus has for a basis 
a plate of tinned-iron, moveable between the wooden rollers b r, one of which bears a 
grooTS, mder which the edge of the plate slips. Its traverses are fixed by two abut- 
ments, 6 A placed so that when it is stopped by one of them, the beak of the pipette 
cenespqnds to the centre of Uie neck of the bottle, or is a tangent to the handkerchief, 
arwagement, wery convenient for wiping the pipette, and emptying it, gives the 
safiesent solidity, and allows of its being taken away, and replac^ without 
fieraagjng unking. It is obvious that it is of advantage, when once the entry of the 
air into m pipette has been regulated by the screw v, to leave it constantly open, be- 
OMs the motion lipmn the handkerchief to the bottle is performed with sufficient 
li|M% to fgenen t nfiief of Iho •olmHon fixan collecting and falling dowiu 
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Temperature of the Solution. — After having described the manner of measttring by 
volume the normal solution of the salt, we shall indicate the most convenient means 
of taking the temperature. The thermometer is placed in a tube of glass, 1847» 
which the solution traAWses to arrive at the pipette. It is suspended in it by a piece of 
cork, grooved on the four sides to afford passage to the liquid. The scale is engraved 
upon the tube itself, and is re}>eatod at the opposite side, to fix the eye by the coinci- 
dence of this douljle division at the level of the thormometric column. The tube is 
joined below to another narrower one, through which it is attached by means of a cork 
stopper n, in the socket of the stopcock of the pipette. At its upper part it is ceanemted 
into a brass socket, screw-tfipped in the inside, which is connected in its turn by a 
cock, with the extremity, also tapped, of the tube above t, belonging to the reservoir 
of the normal solution. The corks employed here as connecting links between the 
parts of the apparatus, give them a certain flexibility, and allow of their being dis- 
mounted and remounted in a very short time ; but it is indispensable to make them be 
traversed by a hollow tube of glass or metal, which will hinder them from being 
crushed by the pressure they are exposed to. If the precaution lie taken to grease 
them with a little suet, and to fill their pores, they will suffer no leakage. 

For the preservation of the normal solution of salt, M. Gay-Lussac uses a cylindrical 
vessel or drum of copper, of a capacity of about 110 litres, having its inside covered 
with a resin-and- wax cement. If the drum contains 110 litres, we should only put 
105 into it, in order that sufficient space may be left for agitating the liquor without 
throwing it out. According to the principle that 100 cubic centimeters, or ^^^th of a 
litre of the solution should contain enough of salt to precipitate a gramme of pure 
silver; and, admitting moreover, 13*516 for the equivalent of silver, and 7*336 for 
that of salt, we shall find the quantity of pure salt that should be dissolved in tlie 105 
litres of water, and which corresponds to 105 x 10 = 1050 grammes of silver, to be, by 
the following proportion 

13*516 : 7*335::1050 grammes : ar»560‘83 grammes. 

And as the solution of the salt of commerce, formerly mentioned, contains approxima- 
tively 260 grammes per kilogramme, we must make 2279*3 grammes of this solution 
to have 569*83 grammes of salt. The mixture being perfectly made, the tubes and the 
pipette must bo soverid times washed by running the solution through them, and 
putting it into the drum. The standard of the solution must be determined after it 
has been well agitated, supposing the temperature to remain uniform. 

To arrive more conveniently at this result, wo begin by preparing two decimal solu- 
tions ; one of silver, and another of salt. 

The decimal solution of silver is obtained by dissolving 1 gramme of silver in nitric 
acid, and diluting the solution with water till its volume becomes a litre. 

The decimal solution of salt may be obtained by dissolving 0*543 gramme of pure 
salt in w*ater, so that the solution shall occupy a litre ; but we shall prepare it even 
with the normal solution which we wish to test, by mixing a measure of it •with 9 
measures of water ; it bein^ understood that this solution is not rigorously equivalent 
to that of silver, and that it will become so only when the normal solution employed 
for its preparation shall bo finally of the true standard. Lastly, we prepare before- 
han4 several stoppered bottles, in each of which wo dissolve 1 gramme of silver in 8 
or 1 0 grammes of nitric acid. For brevity's sake, wo shall call these ‘ tests.’ 

Now, to investigate the standard of the normal solution, we must transfer a pipette 
of it into one of these test-bottles ; and we roust agitate the liquors briskly to clarify 
them. After some instants of repose, we pour in 2 thousandths of the decimal solution 
of salt, which we suppose will produce a precipitate. The normal liquor is conse- 
quently too feeble; and we should expect this, since the salt employed was not 
perfectly pure. We agitato and add 2 fresh thousandths, which will also produce a 
precipitate. We continue thus, by successive additions of 2 thousandths till the last 
pividuces no precipitation. Suppose that we have added 16 thousandths: the last 
two should not be reckoned, as they produced no precipitate ; the preceding two were 
necessary, but only in part ; that is to say, the useful thousandths added are above 12 
and below 14, or otherwise they are on an average equal to 13. 

Thus, in the condition of the normal solution, we require 1,013 parts of it to 
precipitate 1 gi*amme of silver, while wo should require only 1,000. We shall find 
the quantity of concentrated solution of salt that we should add, by noting that the 
quantity of solution of salt, at first employed, viz. 2279*3 grammes, produced a- 
standard of only 987 thousandths = 1000- 13 ; and by using the following proportion: 

987 r 2279*3:: 13 : jr=30*02 grammes. 

This quantity of the strong solution of salt, mixed with the normal solution in thf 
drum, will correct its standard, and we shall see now by how much. 
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Aflt^ having washed the tubes and the pipette with the new solution, we must 
lepeat the experiment upon a fresh gramme of silver. We shall find, for example, in 
proceeding onlv by a thousandth at a time, that the first causes a precipitate, but not 
the second. The standard of the solution is still too weak, and is comprised between 
1000 and 1001 ; that is to say, it may be equal to lOOOj, but we must make a closer 
apmximation. 

We pour into the test-bottle 2 thousandths of the decimal solution of silver, which 
will destroy 2 thousandths of salt, and the operation will have retrograded by 
2 thousandths ; that is to say, it will be brought back to the point at which it was 
first of all. If, after having cleared up the liquor, we add half a thousandth of the 
decimal solution, there will necessarily be a precipitate, as we knew beforehand, but a 
second will cause no turbidity. The standard of the normal liquor will bo consequently 
comprehended between 1000 and 1000^, or equal to 100()|. 

We should rest content with tliis standard ; but if we wish to correct it, we may 
remark that the two quantities of solution of salt added, viz. 2270*3 gr. + 30*02 gr. = 
2309*82 gr., have produced onl}^ 999*75 thousandths, and that w^e must add a new 
quantity of it corresponding to ^ of a thousandth. We make, therefore, the proportion 

999*75 : 2309*32:: 0*26 : a*. 

But since the first term differs very little from 1000, we may content ourselves to 
have a by taking the 2^ of 2309-32, and wc shall find 0*577 gr. for the quantity of 
solution of salt to be added to the normal solution. 

It is not convenient to take exactly so small a quantity of solution of salt by 
the balance, but we shall succeed easily by the following process. We weigh 60 
grammes of this solution, and we dilute it with water, so that it occupies exactly half 
a litre, or 600 centimeters cube. A pipette of this solution, one centimeter cube in 
volume, -will give a decigramme of the primitive solution, and as such a small pipette 
is divided into twenty drops, each drop, for example, wdll present 5 milligrammes of 
the solution. We should arrive at quantities smaller still by diluting the solution with 
a proper quantity of water ; but greater precision would be entirely needless. 

The testing of the normal liquor just described is, in reality, less tedious than might 
be supposed. It deserves also to bo remarked, that liquor has been prepared for more 
than 1,000 assays ; and that, in preparing a fresh quantity, wo shall obtain directly its 
true standard, or nearly so, if we bear in mind the quantities of water and solution of 
salt which have been employed. 

Correction of the Standard of the Normal Solution of Salt, when the Temperature 
chafes . — ^We have supposed, in determining the standard of the normal solution of 
salt, that the temperature remained uniform. The assays made in such circum- 
stances have no need of correction ; but if the temperature should change, the same 
tneasure of the solution will not contoin the same quantity of salt. Supposing that 
•we have tested the solution of the salt at the temperature of 16° C. ; if, at the time of 
making the experiment, the temperature is 18° C., for example, the solution will be 
too weak on account of its expansion, and the pipette will contain less of it by weight ; 
if, on the contrary, the temperature has fallen to 12°, the solution will be thereby 
concentrated, and will prove too strong. It is therefore proper to determine the cor- 
rection necessary to be made for any variation of temperature. 

To ascertain Uiis point, the temperature of the solution of salt was made successive!}*, 
to be 0, 6°, 10°, 16°, 20°, 26°, and 30° C., and tliree pipettes of the solution were 
Weighed exactly at each of these temperatures. The third of these weighings gave the 
mean weight of a pipette. The corresponding weights of a pipette of the solution 
wew afterwards graphically interpolated from degree to degree. These weights form 
th6 second column of the following Table. They enable us to correct any temperature 
between 0° and 30° C. (82° and 86° F.) when the solution of salt has been prepared 
in the same limits. 

Let us suppose, for example, that the solution has been made standard at 15°, and 
that at the time of using it, the temperature has become 18°. Wo see by the second 
column of the Table, that a weight of a measure of the solution is 100*099 gr. at 15°, 
and 100'065 at 18° ; the difference, 0*034 gr., is the quantity of solution less which 
hhs bm really takeh ; and of course we must add it to the normal measure, in order 
to make it equ^ to one thousand millvtmes. If the temperature of the solution had 
fallen to 10° the difference of the weight of a measure from 10° to 15° would be 
0*019 gr., which we must, on the contrary, deduct from the measure, since it had 
been talmi too large. These differences of weight of a measure of solution at 15°, 
firouL ^at of a measure at anv other temperature, fc^m the column 15° of the table 
where 4hey are expressed in thousandths ; they are inscribed on the same horizontal 
Knes asto tempaESturcB to which each of them relates with the sign + plus, when 
muit be addcdi and witk ^ ** minus, when they must be subtracted* 
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Table of Correction for the Variations in the Temperature of the Normal System 

of the Salt. 


Temperature 

Weight 

6® 

10® 

15® 

20® 

25® 

30® 

d^rccs 

gram. 

mill. 

mill. 

mill. 

mill. 

mill. 

mill. 

4 

100,109 

0-0 

-0*1 

+ 0T 

+ 0*7 

+ 1*7 

-1-2-7 

5 

100,113 

00 

-01 

-i-OT 

+ 0*7 

+ 1-7 

-f2*8 

6 

100,115 

0*0 

00 

+ 0-2 

-*-0*8 

+ 1*7 

+ 2*8 

7 

100,118 

-i-01 

00 

+ 0-2 

+ 0*8 

+ 1'7 

-I-2-8 

8 

100,120 

+ 0-1 

0-0 

+ 0-2 

+ 0*8 

+ 1-8 

.f2*8 

9 

100,120 

+ 0T 

0-0 

-i-0-2 

+ 0*8 

+ 1*8 

+ 2*8 

10 

100,118 

+ 0-1 

0*0 

+ 0-2 

+ 0*8 

+ 1*7 

-f- 2*8 

11 

100,116 

0*0 

0-0 

-hO-2 

-*-0*8 

+ 1*7 

-i-2*8 

12 

100,114 

0-0 

00 

+ 0*2 

+ 0*8 

+ 1*7 

-f2*8 

13 

100,110 

0-0 

-OT 

-i-OT 

+ 0*7 

+ 1*7 

+ 2*7 

14 

100,106 

-OT 

-OT 

+ 0T 

+ 0*7 

-fl-6 

-f2*7 

15 

100,099 

-OT 

-0*2 

-0-0 

■i-0-6 

-H*6 

-i-2‘6 

16 

100,090 

-0*2 

-0-3 

-0*1 

-f0*5 

+ 1*5 

+ 2-5 

17 

100,078 

-0-4 

-0-4 

-0-2 

-i-0-4 

-H*3 

+ 2*4 

18 

100,065 

-0*5 

-0-5 

-0*3 

+ 0*3 

+ V2 

-t-2-3 

19 

100,053 

-0*6 

-0*7 

-0*5 

-i-0‘1 

+ Vl 

+ 2*2 

20 

100,039 

-0*7 

-0*8 

-0*6 

0*0 

-i-1-0 

' + 2*0 

21 

100,021 

-0-9 

~10 

-0*8 

-0*2 

-f 0-8 

+ 1*9 

22 

100,001 

-IT 

-1-2 

-1*0 

-0*4 

-f 0*6 

+ 1*7 

23 

99,983 

-1-3 

-1-4 

-1*2 

-0*6 

■f 0*4 

+ 1*5 

24 

99,964 

-1-5 

-1-5 

-1*4 

-0*8 

+ 0*2 

+ 1*3 

25 

99,944 

-1*7 

-1*7 

-1*6 

-1*0 

0*0 

+ 1-1 

26 

99,924 

-1*9 

-1*9 

-1*8 

-1*2 

-0*2 

+ 0*9 

27 

99,902 

-2T 

-2*2 

-2*0 

-1*4 

-0*4 

+ 0*7 

28 

99,879 

-2*3 

-2-4 

-2‘2 

-1*6 

-1*6 

+ 0-7 

29 

99,858 

-2-6 

-2-6 

-2*4 

-1*8 

-0*9 

+ 0*2 

30 

29,836 

-2*8 

-2‘8 

-2*6 

-2*0 

-IT 

0*0 


The columns 5°, 10®, 20®, 25®, 35®, have been calculated in the same manner for the 
cases in which the normal solution may have been graduated to each of these tem- 
peratures. Thus, to calculate the column 10®, the number lOO’llS has been taken in 
the column of weights for a term of departure, and its difference from all the numbers 
of the same column has been sought. 

Several expedients have been employed to facilitate and abridge the manipulations. 
In the first place, the bottles for testing or assaying the specimens of silver should all 
be of the same height and of the same diameter. They should be numbered at their 
top, as well as on their stoppers, in the order 1, 2, 3, &c. They may bo ranged suc- 
cessively in tens ; the stoppers of the same series being placed on a support in their 
proper order. Each two bottles should, in their turn, be placed in a japanned tin ease 
{Jig. 1848) with ten compartments, duly numbered. These compartments are cut out 
anteriorly to about half their height, to allow the bottoms of the bottles to be seen. 
When each bottle has received its portion of alloy, Uirougli a wide-beaked funnel, 
there must be poured into it about 10 grammes of nitric acid, of specific gravity 1*28, 
with a pipette, containing that quantity ; it is then exposed to the heat of a water- 
bath, in order to facilitate the solution of the alloy. The water-bath is an oblong 
vessel made of tin-plate, intended to receive tlio bottles. It has a moveable double 
bottom, pierced with small holes for the purpose of preventing the bottles being bro- 
ken, as it insulates them from the bottom, to which the heat is applied. The solution 
is rapid ; and, since it emits nitrous vapours in abundance, it ought to be carried on 
under a chimney. 

The Agitator. — Fig, 1849 gives a sufficiently exact idea of it, and may dispense with 
a lengthened description. It has ten cylincbrical compartments, numbered from 1 to 
10. The bottles, after the solution of the alloy, are arranged in it in the order of their 
numbers. The agitator is then placed within reach of the pipette intended to measure 
out the normal solution of salt, and a pipette full of this solution is put into each phial. 
Each is then closed with its glass-stopper, previously dipped in pure water. They are 
fixed in the cells of the agitator by springs. The agitator is then suspended to a 
spring B, and, seizing it witli both hands, the operator gives an alternating rapid 
movement, which agitates the solution, and makes it, in less than a minute, mi limpid 
as water. This movement is sometimes promoted by a ypiral spring, b, fixed to t]^ 
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egill^tor tnd th^ ground ; but this is seldom made use of, because it is convenient to 
be able to transport the agitator from one place to another. When the agitation is 

finished, the catches are released, and 
the bottles are placed in order upon 
a table furnished with round colls 
destined torocoivethem ,andto screen 
them. When we place the bottles 
upon this table, wo must give them a 
brisk circular motion to collect the 
chloride of silver scattered round 
their sides ; we must lift out their 
stoppers, and suspend them in wire 
rings, or pincers. We next pour 
a thousandth of the decimal solu- 
tion into each bottle ; and before 
this operation is terminated, there 
is formed in the first bottle, when 
there should he a precipitate, a ne- 
bulous stratum, very well marked, 
of about a centimeter in thickness. 
At the back of the table there is a 
black board, divided into compart- 
ments, numbered from 1 to 10, 
upon each of which wo mark, witJi 
chalk, the thousandths of the 
decimal liquor put into the corre- 
sponding bottle. The thousandths 
of salt, which indicate an augmen- 
tation of standard, are preceded by 
the sign + , and the thousandths of 
nitrate of silver by the sign — . 
When the assays are finished, the 
liquor of each bottle is to bo poured 
into a large vessel in which a slight 
excess of salt is kept ; and M’hen 
it is full, the supernatant clear 
liquid must be rim off with a syphon. 
The chloride of silver may be reduced without any perceptible loss. After having 
washed it well, we immerse pieces of zinc in it, and add sulphuric acid in sufficient 
quantity to keep up a feeble disengagement of hydrogen gas. The mass must not 
he touched. In a few days the silver is completely reduced. This is easily recognised 
by the colour and nature of the product ; or by treating a small quantity of it with 
water of ammonia, we shall see whether there be any chloride uiii*educed, for it will 
be dissolved by the ammonia, and will again appear upon saturating the ammonia 
with an acid. The chlorine remains associated with the zinc iu a state of solution. 
The first washings of the reduced silver must be made with an acidulous water, to 
dissolve the oxides which may have been formed, and the other washings with com- 
mon water. After decanting the water of the last washing, we dry the mass, and add 
to it a little powdeied borax. It must now be fused. The silver being in a bulky 
powder is to be put in successive portions into a crucible as it sinks down. The heat 
should be at first moderate ; but towards the end of the operation, it must be pretty 
Strong, to bring into complete fusion the silver and Uie scoriie, and to effect their 
compete separation. In case it should be supposed that tlio whole of the silver had 
not been reduced by the zinc, a little carbonate of potash should be added to the borax. 

rilfir may also be redu^ by exposing the chloride to a strong heat, in contact 
with dhalk and charcoal 

The following remarks by 31 Gay-Lussac, the author of the above method, upon 
Um sAot of a little raerouy in tho iu^d assay, are important 
ft IS wril known that chlorido of silver blackens the more readily when it is exposed 
^ in iHiliee lights and that even in the difi^ed light of a room it becomes soon 
eemdbly eoloared. If it contains 4 to 6 thousandths of mercury, it does not 
blacken; it remai^ of a dead white; with 8 thousandths of mercuiy, there is no 
maikod dlfocioaring in difiEhsed light ; with 2 thousandths it is slight ; with 1 it 
is mmik mote bat still it is mu^ less intense than with pure chloride. With 

a thnanaidth of meicuxy Ihe difiEbrenoe of colour is not remarkable, and is per- 
Wied enliy in n twr ttodeiate light. when the quantity of mercury is so small 
^ tbs difewaae of «ekw in Um $U<pde of ulver, it may 
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be rendered quite evident by a very simple process of concentration. Dissolve one 
gramme of the silver supposed to contain a quarter of a thousandth of mercury, and 
let only a qnarter of it bo precipitated, by adding a quarter of the common salt neces- 
sary to precipitate it entirely. In thus operating, the quarter thousandth of mercury 
is concentrated in a quantity of chloride of silver four times sniallor ; it is as if the 
silver having been entirely precipitated, four times as much mercury, equal to 2 
thousandths, have been precipitated with it. On biking two grammes of silver, and 
preci pi biting only a quarter by common salt, the precipitate would be, with respect to 
the chloride of silver, as if it amounted to 4 thouwindths. By this process, which 
occupies only five minutes because exact weighing is not necessary, one tenth of a 
thousandth of mercury may be detected in silver^ It is not useless to observe that, in 
making these experiments, the most exact manner of introducing small quantities of 
mercury into a solution of silver, is to weigh a minute globule of mercury, and to 
dissolve it in nitric acid, diluting the solution so that it may contain as many cubic 
centimeters as the globule weighs of centigrammes. Each cubic centimeter, taken by 
means of a pipette, will contain one milligramme of mercury. If the ingot of silver 
to be assayed be found to contain a greater quantity of mercury — 1 thousandth, for 
example — the humid process ought, in this case, either to bo given up or to be com- 
pared with cupellation. When the silver contains mercury, the solution from which 
the mixed chlorides are precipitated does not really become clear. Silver containing 
mercury, put into a small crucible, and mixed with lamp-black, to prevent the volatil- 
isation of the silver, was heated for three-quarters of an hour in a muffle, but the 
silver increased sensibly in weight. This process for separating the mercury, there- 
fore, failed. It is to be observed, that mercury is the only metal which has thus the 
power of disturbing analysis by the humid way. The error caused by the presence of 
mercury may be avoided by the addition of a small quantity of acebite of soda to the 
solution of the silver in nitric acid, previous to the addition of the chloride of sodium, 
as this salt prevents the precipitation of the mercury. 

Since the above process was first introduced by Gay-Lussac, several modifications in 
the form of apparatus and other details have been introiluced ; but the principles 
upon which the method is worked are essentially the same. The normal solution of 
salt is preserved in a vessel of glass or stoneware, instead of metal. The use of metal 
tubes is dispensed with. Various modes of filling the pipettes from below or other- 
wise are in use. Instead of the thermometer placed within the tube tQ indicate the 
temperature of the salt-solution, the standard is verified once a day or oftener if 
necessary by check assays. The a.ssay of silver, or silver alloys by a standard solution 
of salt may be conducted as follows: — Ten grs. or more of the metal according to cir- 
cumstances, is weighed out, transferred to the bottle, dilute nitric acid added and 
solution effected by placing the bottlo in a w'ater-bath. The red fumes are expelled, 
and the solution diluted with water. The bottle is now placed under the lower end of 
the pipette, 1000 grs. of the normal solution of salt (equal to ten grs. of silver) run in, 
and the contents briskly shaken until clear. Ten grs. of the decimal solution of salt 
(1000 grs. of which are equal to 1 gr. of silver) is now added from a pipette and, as 
precipitate forms, the solution is again shaken until clear. This process is repeated 
until the last 10 grs. added, does not produce any precipitate. As the last 10 grs. of 
decimal solution added does not give any precipitate, it proves that it is in excess ; it 
is therefore, deducted from the total quantity used, and also the half, say of the 
previous 10 grs. added, as it is obvious that tlie previous 10 grs. added were not 
sufficient to precipitate tlio whole of the silver. For example, 1 1 grs. of the alloy 
require 1000 grs. of the normal solution, and 60 grs. of the decimal solution of salt, for 
the working of the assay. The amount found necessary is, therefore, 35 grs. of tlie 
decimal solution, whilh is equal to 3*5 of the normal solution, which added on to the 
1000 grs. makes the total quantity required for the precipitation of the silver 1003*5. 
Therefore — 


Salt-solution 

Salt-solution 

Silver 


Silver 

1000 

; 1003-6 : 

10 

•• 

10*035 

AUoy 

Alloy 

BUvor 


Silver 

11 grs. 

: 1000 : 

10*036 

j 

912-2 


The weight of alloy operated on should contain about 10 grs. of silver. The contents 
of silver should, therefore, be approximately determined by cupellation or otherwise 
before subraittiug it to assay by this method. It is also desirable to take a quantity 
of the metal for the assay, so as to require the decimal solution of salt to complete 
it ; bjr this means the error noticed by Mulder and other assayers is obviated. However, 
if it IS found in the working of an ai»ay that the first 10 grs. of the decimal solution 
of saltdoes not yield any precipitates excess of the decimal solnjbion of ailyes (10^ 
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of which contain 1 gr. of silver) is added, and the as^y completed as before with the 
dedmal salt-solution. The measure of decimal solution of salt corresponding to the 
measure of the decimal solution of silver added, is deducted, and the remainder equals 
the quantity of salt solution required to precipitate the silver in tlie metal operated on. 

b. By the chloride of si/ver.— This process is used for the Indian Mint 

assays, special apparatus being employed to carry on a number of assays at one 
time. Tne process may be conducted as follows : — A portion of the silver, or alloy, is 
accurately weighed, transferred to a stoppered bottle, dilute nitric acid added, and 
solution efi^ted by heating the bottle in a water-bath or otherwise. When decom- 
posed, the solution is diluted with water, hydrochloric acid added in excess, and tho 
TOttle well shaken till the precipitated chloride of silver collects, and the solution is 
clear. The bottle is now filled to the neck with water, allowed to settle, and the super- 
natant liquor carefully removed by means of a glass syphon. The bottle is again filled 
with water, the chloride of silver allowed to settle, and the solution syphoned ofif as 
before. Two or more washings are made, according to the purity of the silver or 
alloy operated on. The bottle is now inverted over .a small Wedgwood crucible, and 
manipulated until the whole of the chloride of silver is collected therein. Tho 
chloride of silver is now broken up and gently stirred, by means of a glass rod, until 
it lies evenly at the bottom of the crucible. Tho w ater is carefully drained off, and 
the crucible heated at first at a low temperature, and afterwards for some time at a 
temperature of about 300° F. AVhen the chloride of silver is thoroughly dried, it is 
allowed to cool, and tlien carefully transferred to tho skiff of the assiiy balance, and 
weighed. The amount of chloride of silver obtained from a known weight of pure 
silver by working under similar conditions is ascertained, and the calculations made 
from this data. Special weights are used in India, to facilitate calculations. Tho 
assay weight Indicating from the amount of chloride of silver the actual quantity of 
silver present in 1,000 parts. 

Silver Coinage in 1873. 


Florins • 

Shillings . 

Sixpences . • 

Fourpences 
Threepences • 
Twopences • . 

Pence • 

Weight 

Number of pieces 

Value 

2.169.360.000 

1.179.360.000 

399.600.000 

252.000 

184.524.000 

144.000 

120.000 

5,965,740 

6,486,480 

4,395,600 

4,168 

4,069,528 

4,752 

7,920 

£ 

690,574 0 

324,324 0 

109,890 0 

69 G 
50,744 2 

39 12 

33 0 


SlXVn, BmOMZDB OP (AgBr), is occasionally found native. If a soluble 
bromide is added to a solution of nitrate of silver, a precipitate of bromide of silver is 
formed of a very pale yellow colour. This salt changes readily under the action of 
the solar rays, and for photographic purposes possesses many very imporUint i)ro- 
perties, of which photographers have not availed themselves. This is mainly owing 
to the neglect of scientific investigation amongst the body of photographic artists, 
which is exceedingly to be regretted. 

BZBVBB, OBXiOBZBB OP, (AgCl) is obtained by adding hydrochloric acid, or 
any soluble chloride, to a solution of nitrate of silver. A curdy precipitate falls, quite 
insoluble in water, which being dried and heated to dull redness, fuses into a semi- 
*trsnin)ar6nt grey mass, called, from its appearance, hom-silver. Chloride of silver 
dissolves readily in water of ammonia, and crystallises in proportion as tlio ammonia 
evaporates. It is not decomposed by a red heat, even when mixed with calcined 
e^rcoal ; but when hydrogen or steam is passed over the fused chloride, hydrochloric 
add exhales, and silver remains. When fused along with potash (or its carbonate), 
the silver is also revived ; while oxygen (or also carbonic acid) gas is liberated, and 
chloride of potassimn is -formed. Alkaline solutions do not decompose chloride of 
silver. When this compund is exposed to light, it suffers a partial decomposition, 
hydsoehloric add being msengaged. 

The best way of redudng the chloride of silver, says Mohr, is to mix it with one^ 
third of its weight of colophony (black resin), and to heat the mixture moderately in 
a cruciida till &e flame ceases to have a greenish-blue colour ; then suddenly to in- 
^Mease the Are, so as to melt the metal into an ingot. 

The snb^loride may be directly formed by pouring a solution of proto-chloride 

or im 11^ rilvsr-li^ 
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SX&VBR, CTiLirZDE OF. See Cyanides. 

snvxai FZR. Abies picea. This species yields the Burgundy pitch and Strasburg 
turpentine. See Abies. 

SnVBft, FVXfBCZXrATZXa'O. Sco Fulminating Sllyee. 

SX]bVBlt O&AJrCB. Sulphide of silver. See Silver. 

SXBVBR, HTPOSUXiPBXTE OP. AgO.S^O^.HO This salt 

is formed in the process of fixing photographic pictures with hyposulphite of soda. 
Solutions of the hyposulphite of soda, potash, or lime, which are bitter salts, dissolve 
chloride of silver into liquids possessing a remarkable sweetness. See Hyposulphite 
OF Soda. 

SXXiVEll, X03>X3>S OF. (Agl.) This compound of iodine aud silver, which is 
obtained when a solution of an iodide is added to nitrate of silver, is a pale yellow 
powder. It is also found native, but not in large quantities. This silver salt is 
remarkable, like some other metallic compounds, for changing its colour alternatively 
with heat and cold. If a sheet of white paper bo washed over with a solution of 
nitrate ot’ silver, and afterwards with a somewhat dilute solution of i(xlido of potas- 
sium, it will immediately assume the pale yellow tint of the cold silver iodide. On 
placing the paper before the fire, it will change colour from a pale primrose to a gaudy 
brilliant yellow, like the sunflower ; and on being cooled, it will again resume the 
primrose hue. These alternations may be repeated indefinitely, like those with the 
salts of cobalt, provided too groat a hefit be not applied. The pressure of a finger 
upon the hot yellow paper makes a white spot, by cooling it quickly. Iodide of silver, 
when quite pure, is very slowly darkened when exposed to sunshine ; but if in com- 
bination with an organic compound, or with an excess of nitrate of silver, it changes 
colour with much rapidity. From this property it furnishes one of the most valuable 
of our photographic agents. It is the active material in the calotype, the collodion, 
the Daguerreotype, and other processes. See Photography. 

SXIiVER, xrXTRATB OF. AgO.NO* (AgrlTO®). This salt was known to Geber, 
and was chiefly used in medicine ; but sinco the discovery of photography, it has been 
made on a very large scale. It is found in commerce in two different forms, viz. 
crystallised, and in sticks, the former being more general ; in sticks it is called ‘ lunar 
cfiiistic,’ and is used by the surgeon. It is prepared by digesting metallic silver with 
moderately strong nitric acid ; the silver speedily dissolves, especially if heat be 
applied. Some of the nitric acid is decomposed, yielding oxygen to the silver, and 
liberating binoxide of nitrogen, which, in contact with the air, abstracts oxygen and 
forms red vapours of hypoiiitric acid. 

The clear solution is evaporated, either to the crystallising point or to dryness ; if 
for caustic, it is fused and cast into sticks. If ordinary standard silver be used, the 
solution will contain some nitrate of cop^jer ; in this case it must be evaporated to 
drynes,s, and gradually heated till all the nitrate of copper is decomposed, which maybe 
known l)y taking a little of the salt, dissolving in water, and adding excess of ammonia ; 
when, if copper he still present, the solution will have a blu('. tint. When all the copper 
is thus rendered insoluble, the fused mass is dissolved in distilled water, evaporated 
and crystallised. When pure, nitrate of sih^er is white ; the crystals are transparent, 
colourless, hexagonal table's, or right rhombic prisms, very soluble in water, requiring 
only their own 'weight of cold water and half that quantity of boiling water for solu- 
tion ; they are also readily soluble in hot alcohol, but the greater portion is again 
deposited on cooling. Nitrate of silver possesses a strongly metallic and bitter taste. 
It is not deliquescent, and when free from organic matter is not decomposed by light 
{i^anlan). The dark colour of the outside of the ordinary sticks of the shops is caused 
l>y the decomposition of the nitrate by the paper in which they are wrapped, as the 
presoiico of organic matter reduces the silver to the metallic stiite. Nitrate of silver 
is I'requently aelulterated to a considerable extent, principally with nitrate of potash, 
but sometimes with other nitrates. The price at which it is sometimes sold is proof 
enough that it is largely adulterated ; for instance, it may sometimes be bought for 
tis. an ounce ; at that price it does not pay for the silver alone that should he in it : we 
■w'ill prove this. Every ounce (437‘5 grains) of pure nitrate of silver contains- 278 
grains of pure silver, and this itself, without taldng notice of nitric acid and time of 
prepjiration, is worth 3s. 2d. Iliis clearly proves there must be considerable adultera- 
tion ; but although the adulterating substances do not interfere generally with the 
photographic processes, it is certain that no advantage can be gained by buying it at 
so low a price. The way to detect the adulteration is to precipitate the silver by 
hydrochloric acid, and evaporate the filtered liquid to dryness, when, if the salt is pure, 
there will be no residue. 

As many, who use much nitrate of silver in photography, &c., throw away the 
residues, and hence in course of time waste much silver, it will not be out of place 
here to show how it maybe saved and convertfid afifain int/^ nitrate nf flllTrai. flf 
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If the papers, on which there is silver, are preserved, the silver can bo obtained by 
merely burning them, and may be fused in a porcelain crucible into one lump. In 
the case of the nitrate-of-silver baths, when too weak for further use, tlie silver may 
be pecipitated in the form of chloride, by adding hydrochloric acid. The chloride 
of silver thus obtained may be easily reduced to the metallic state : 1st, by digesting 
the moist chloride with metallic zinc and dilute sulphuric acid ; the hydrogen which is 
thus liberated reduces the silver to the metallic state, which remains in tlie form of 
a black powder, and when well washed with water m«ay be dissolved in nitric acid, 
evaporated and crystallised. 2nd, by digesting it by the aid of heat witli a caustic 
alkali and tartaric acid, when it will also be reduced to metallic silver, and will remain 
as a black powder, which may be treated as above. 3rd, by collating the precipitated 
chloride of silver on a filter, washing well with water, and drying ; the dry chloride 
is then mixed with four or five times its weight of a mixture of carbonate of potash 
and carbonate of soda, and subjected to a white heat in a porcelain crucible ; the 
silver will be reduced to the metallic state. This salt is used not only in photograpliy, 
but in making permanent ink, and as a dye for the hair. 

SZ&VSXf OXZXIB8 OF* There are two oxides of silver; the protoxide AgO 
(Ag*0) and the peroxide AgO^ (AgO). The first is obtained by adding solution of 
caustic potash, or lime-water, to a solution of nitrate of silver. The precipitate has a 
brownish-grey colour, which darkens when dried, and contains no combined water. 
Its specific gravity is 7'143. On exposure to the sun it gives out a certain quantity 
of oxygen, and becomes a black powder. This oxide is an energetic base ; being 
slightly soluble in pure water, reacting like the alkalis upon reddened litmus-paper, 
and displacing, from their combinations with the alkalis, a portion of the acids 
with which it forms insoluble compounds. It is insoluble in the caustic lyes of 
potash or soda. By combination with caustic ammonia, it forms ftdminaiwp silver. 
The second, or peroxide, is formed when a very dilute solution of nitrate of silver is 
decomposed by the voltaic current ; dark grey lustrous needles of the peroxide of 
silver are formed around the positive 2 >ole. See Fulminating Silvee. 

SZliVXBt SVAPBATB OF, AgO.SO^ (Abg^BO*) may be prepared by boiling sul- 
phuric acid upon the metal. It dissolves in 88 parts of boiling water, but t he greater 
part of the salt crystallises in small needles as the solution cools. It consists of 118 
parts of oxide, combined with 40 parts of dry acid. 

BXZi’FU, SmLFSZOBS OF, of which several exist native, may bo readily 2 )rc- 
pared by fusing the constituents together. A sulphide forms spontaneously upon the 
surface of silver exposed to the air of inhabited places. The tarnish may be easily 
removed by rubbing the metal with a solution of chameleon mineral, prejiared by cal- 
cining peroxide of manganese with nitre. Sulphide of silver is a powerful sulpho-bnse ; 
since though it be heated to redness in close vessels, it retains the volatile sulphides, 
whose combinations with the alkalis are decomposed at that temperature. It consists 
of 87*04 of silver and 12*96 of sulphur. 

snvn-UAF is made by beating silver out very thin, in precisely the same 
way as golddea^iB manufactured. See Gold Beating. 

BBLVmZIfO is the art of covering the surfaces of bodies with a thin film of 
silver. This is now effected either by applying thin films of silver mechanically to 
the article to be silvered, or by the electro-metallurgical process. When silver-leaf 
is to be applied, the methods prescribed for gold-leaf are suitable. Among the metals, 
copper or brass are those on which the silverer most commonly operates. Iron is 
seldom silvered ; but the processes for both metals are essentially the same. The 
white alloy of nickel is now often plated. 

Theprincipal steps of this operation are the following : — 

1. The smoothing down, the sharp edges, and polishing the surface of the copper ; 
called ennorJUet by the French artists. 

2. The annealing ; or, making the piece to be silvered red hot, and then plunging 
it in a very dilute nitric acid, till it be bright and clean. 

8. Pimioing; or, dearing up the surface with pumice-stone and water. 

4, The warming, to such a degree merely as, when it touches water, it may make 
a slight hissxng sound ; in which state it is dipped in the very weak aquafortis, 
wherel^ it acquires minute insensible asperities, sufficient to retain the silver-leaves 
that are to be applied. 

6, Tknka tak i ng * When these small asperities are inadequate for giving due solidify 
to the silvering, the plane snrfttcas must be hatched all over with a graving tool ; but 
the chased siinices need not be touched, 

6. hUuinig, conrists in heating the piece till its copper or brass colour changes 
to bins. In heathy, they are placed in not tools made of iron, called mandrins in 

TnknjBs. 

llie eLiMriMr. the nrackman*i term for silvering, This operation consists in 
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placing the siiver-leaves on the heated piece, and fixing them to its surface by 
burnishers of steel, of various forms. The workman begins by applying the leaves 
double. Should any part darken in the heating, it must be cleared up by the scratch- 
brush. 

The silverer always works two pieces at once ; so that he may heat the one, while 
burnishing the other. After applying two silver-leaves, he must heat up the piece 
to the same degree, as at first, and he then fixes on with the burnisher four addi- 
tional leaves of silver ; and he goes on charcfing in the same way, 4 or 6 leaves at a 
time, till he has applied, one over another, 30, 40, 50, or 60 leaves, according to the 
desired solidity of the silvering. He then burnishes down with great pressure and 
address, till he has given the surface a uniform silvery aspect. 

Silvering hy tlie iiredjgitated cJdoride of silver . — The white curd obtained by adding 
a solution of common salt to one of nitrate of silver is to be well washed and dried. 
One part of this powder is to be mixed with 3 parts of good pearlash, 1 of washed 
whiting, and one and a half of sea-salt. After clemming the surface of the brass, it is 
to be rubbed w’itli a bit of soft leather, or cork moistened with water, and dipped in 
the above powder. After the silvering, it should be thoroughly washed with water, 
dried, and immediately varnished. Some use a mixture of 1 part of the silver pre- 
cipitiite, with 10 of cream of tartar, and this mixture also answers very well. 

Others give a coating of silver by applying with friction, in the moistened state, a 
mixture of 1 part of silver-powder precipitated by coppf'T, 2 parts of cream of tartar, 
and as much common salt. The piece must be immediately washed in tepid water 
very faintly alkali sed, then in slightly warm pure water, and finally wiped dry before 
the fire. 

The inferior kinds of plated buttons get their silver coating in the following way : — 

Two ounces of chloride of silver are mixed up with 1 ounce of corrosive sublimate, 
3 pounds of common salt, and 3 pounds of sulphate of zinc, with water, into a paste. 
The buttons being cleaned, are smeared over with that mixture, and exposed to a 
moderate degree of heat, which is eventually raised nearly to redness, so as to expel 
the mercury from the amalgam formed by the reaction of the horn-silver and the 
corrosive sublimate. The copper button thus acquires a silvery surface, which is 
brightened by cleaning and burnishing. See Electbo-Metallubgy. 

SXSiVSBXirG ox* OXiASS. See Hibkors. 

SXMZXiOR. A name given to a rich-coloured brass, composed of 3 oz. of zinc to 
1 lb. of copper. See Alloy and Brass. 

SZXSrGXiZirO. In the article Bleaching, the modern and most approved singeing 
apparatus is described. The old furnace for singeing cotton goods is represented in 
longitudinal section, fig. 1850, and in a transverse one in fig^ 1851. a is the fire- 
door : 5, the grate ; c, the ashpit ; d, a flue, 6 inches broad and high, over which 
a hollow semi-cylindrical mass of cast iron c, is laid, 1 inch thick at the sides, and 
2i thick at the top curvature. The flame passes along the fire-flue into a side 
opening,/’, in the chimney. The goods are swept swiftly over this ignited piece of 
iron, with considerable friction, by means of a wooden roller, and a swing frame for 
raising them at any moment out of contact. 


1851 




In some shops, semi-cylinders of copper, three-quarters of an inch thick, have been 
substituted for those of iron, in singeing goods prior to bleaching them. The former 
last three months, and do 1,500 pieces with one ton of coal ; while the latter, whicfii 
are an inch and a half thick, wear out in a week, and do no more than from 600 to 
600 pieces with the same weight of fuel. 

In ^e early part of the year 1818, Mr. Samuel Hall introduced the plan for 
removing the downy fibres of the cotton thread from the interstices of bobbinet 
lace, or muslins, by eingeing the lace with the flame of a gas-burner. Aad in 182S 
he modified this process by causing a strong current of air to dra:«r the flame of the 
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gas tluH>ugh the interstices of the lace, as it passes over the ^ burner, by means of an 
aperture in a tube placed immediately above the row of gas-jets, which tube commu- 
nicates with an air-pump or exhauster. 

1852 shows the construction of the apparatus complete, and manner in^ which 
it operates : a, a, is a gas-pipe, supplied by an ordinary gasometer ; from this pipe, 
several small ones extend upwards to tlie long burner b, b. This burner is a hori- 
eontal tube, perforated with many small holes in the upper side, through wliich, 
as jets, the passes ; and when it is ignited, the bohbinet hice, or other material 
intended to be singed, is extended and drawn rapidly over the flame, by means of 
rollers, which are not shown in the figure. 

The simple burning of the gas, even with a draught chimney, is found not to be at 
all times efficacious. There is now introduced a hollow tube c, c, with a slit or 
opening, immediately over the row of burners ; and this tube, by means of the pipes 
df di df communicates with the pipe e, e, c, whicli loads to the exhausting apparatus. 

This exhausting apparatus consists of two tanks,/ and^, nearly filled with water, 
and two inverted boxes or vessels, h and which are suspended by rods to the 
vibrating beam A:: each of the boxes is furnished with a valve opening upwards; 
I, /, are pipes extending from the horizontal part, of the pipe c, up into the boxes nr 
vessels A and f, which pipes have valves at their tops, also opening upward. Wljen 



the vessel h descends, the water in the tank forces out the air contained wdthin tlio 
vessel at the valve m ; but when that vessel rises again, the valve m being closed, the 
air is drawn from the pipe e, througli the pipe /. Tlie same takes place in the vessel 
I, from which the air in its descent is expelled tlirough the valve and in its ascent 
draws the air through the pipe I, from the pipe c. By tliese moans, a partial exhaus- 
tion is effected in the pipe e, e, and the tube c, c ; to supply which, the air rushes 
witdi consideibble force through the long opening of the tube c, c, and carries with it 
the flame of the gas-burners. The bobbinet lace, or other goods, being now draw'll 
over the flame between the burner b, b, and the exhausted tube c, c, by means of 
rollers, as above said, the flame of the gas is forced through the interstices of the 
fabric, and all the fine filaments and loose fibres of the thread are burnt off, without 
damaging the substance of the goods. 

To the draught from the gas-burners, there are stop-cocks introduced into 

several ci the pipes d ; and to regulate the action of the exhausting apparatus, an uir 
vessel 0 is suspended by a cord or chain passing over pulleys, and balanced by a 
weight p. There is also a scraper introduced into the tube c, which is made, by 
any convenient contrivance, to revolve and slide backwards and forw^ards, for the 
pnipose of removing any light matter^ that may arise from the goods singed, and 
which would otherwise obstmet the air-pas^e. Two of these draught tubes o 
may be< adapted and united to the exhausting apparatus, when a double row of 
bniiMCS is ea^^iyed, and the inclination of the flame may be directed upwards, 
downwards, os sideways, according to the position of the slit in the draught tube, by 
whidi mesns any description of goods may, if required, be singed on both sides 
at one ijp erstion. 

milL A soliition of gelatinous matter, nsnally made from skin, employed for ^e 
PMose of giving adhesiveness to certain substances, which could not be otherwise 
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SXZZWO AVD DTBZXrCI MACBZVB. Tlio process of sizing and dyeing of 
yarns has usually been effected by two processes. The yarn was dyed in the bale 
warp, and in that state each thread was not equally exposed to the dye ; and then the 
system of ball-warp sizing was adopted. Dawson and Slater have recently introduced 
a new process, by which the yam is both dyed and sized at the same time. This is 
effected by passing the yarn first through a solu- 
tion of the colouring-matter, and the mordant held 

in solution by some acid, then through ammo- i v v ^ 

niacal vapour, and lastly through the size-box. 

Tlie process is as follows ; —Beginning with the f ) 

four-war]) roller a A (at the right hand of the ) 

machine ) as seen in Jig. 1853), the yarn passes 

thence into the dye-vessel b, over three guide- I 

rollers to a copper cylinder c, thence over another 

guide-roller to a second copper cylinder, eventu- ° 

ally coming up through the two squeezing rollers ( t 

1 ), at the end of the dye-box. It may be observed, 

that the copper cylinders can be raised or lowered 

in the dye-box by means of a rack and pinion, 

and that the small circles at the bottom of the 

dye- vessel represent steam-pipes for boiling the ® 

dye-liquor. The yarn then passes from the squeez- > Tb)! 

ing rollers over other rollers into the ammoniacal 

or gas-chamber E, which, with the exception of llA^i'iiil^inn 

two openings, the one for the passing in of the <5; . 

yarn, and the other for letting it out, is wholly ^ 

closed by the lid here represented in the centre of 

tlio cliamber. By following the dotted lines, it 

will bo perceived that herein the yam passes under I \ I 

and over four guide-rollers before its exit from tsg; 

the chamber, it being during the passage fully 

exposed to the vapour of the ammonia, which is 

introduced by means of the funnel represented in /u 

tho centre. Thence the yarn passes into the next f Q j ; \ 

vessel termed the washing-box or chamber, over ^ : 1 

and under suitable rollers and through tho two \ o H 

squeezing rollers at tho end, there being a perfo- - A -' 

rated pipe, not shown in tho drawing, for dis- / r ^ r 

charging water on to the yarn. Coming out of the / JJ 

w/ishing-box, the yarn continues its journey over ^ ./A; i 

a steam-drying cylinder F, down into the size-box 22 // wj 

o below, the smaller circle in the engraving repre- yi ^ [. .[! j 

senting a guide-roller, and tho others two copper / \ ” Zi; f-"*-;! ij 

squeezing rollers. Then tho yarn, after leaving / V o| ‘‘'“‘.‘““'.yU 

the squeezing rollers, passes over and under a / ! i i 

larger cylinder H, and a smaller drying cylinder i, ^ ^ ' 

whence it is conveyed by suitable rollers to the .0^ 0 

weaver’s beam as marked. y ! : t 

Tho advantages of this arrangement are that / a I ! \ : 

the yarn is less strained, less crossed, and in a / g ,.j '• ' L 

better condition for weaving. It enters the size ^ ii f 

and the dye in the form of a sheet, in which state ^ '' u i i [ 

each thread is separated, and completely sur- \ o j i / j 

rounded by the dye, and afterwards by the size ; \ j "' -ycT | 

tho result is uniformity of shade and an absence of i j | 

streaky or uneven places, ^fot only so, but there I. 

is a groat saving of time, for warps in the grey _ ^ H 

in the morning may be dyed, sized, and in tho loom — JJ 

W’eaving by noon of the same day, and all done oji | Tt 

the manufacturer’s own premises and under his 

supervision, contrasting very favourably with tho old plan of getting the work done out 
of doors. By that system the time that elapses from sending the warps to the dyer 
to receiving them back again is frequently ten days to a fortnight, whi^ necessitates 
the keeping of a larger stock than is requisite by the new plan, when all is done in a 
few hours. 

To illustrate the principle of these improvements, one example will suffice. Sup- 
pose that; a black dye is required ; a coloured solution is made by boiling aWt 100 
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parts of logirood of good quality in 600 parts of water ; after which tw elve parts of 
sulphate of iron and two parts of sulphuric acid are added. A sufficient quantity of 
this solution is introduced into the dye-trough, so as to cover the rollers therein. 
The solution is kept on the boil by means of the coil of steam-piping placed at the 
bottom, and the yarn is drawn through the solution, and, passing thence through the 
chamber containing the ammoniacal vapour on to the drying cylinders, it ends its 
course on the loom-beam, unless otherwise required. See Calico-Printixg. 

MLATM. The fishes comprehended under the genus Baia. There are many 
species, the most common being the blue or grey sl^te, Jtaia hatis. Some of this 
species weigh as much as 200 lbs. The thomback, or rough ray, is the Eaia clavata ; 
and the homelyn, or sand ray, Eaia miralctus. All three are good eating ; the last is 
the most common in our markets. 

MMJMm {Peau, Fr. ; Haut, Ger.) The external membrane of animal bodies con- 
sists of three layers : 1. the epidermis, or scarf-skin (Oberkaut, Gcr.) ; 2, the vascular 
organ, or papillary body, which performs the secretions ; and 3, the. true skin 
^Lederhaut, Grer), of which leather is made. The skin proper, or dermoid substance, 
is a tissue of innumerable very delicate fibres, crossing each other in every possible 
direction, with small orifices between them, which are larger on its internal than on 
its external surface. The conical channels thus produced arc not straight, but oblique, 
and filled with cellular membrane ; they receive vessels and nerves whicli pass out 
through the skin (cutis tfera), and are distributed upon tlio secretory organ. The 
fibrous texture of the skin is composed of the same animal-matter as the serous 
membranes, the cartilage^ and the cellular tissue ; the whole possessing the property 
of dissolving in boiling water, and being, thereby, converted into glue. The skins of 
animals are imported for the preparation of furs, for use. and ornament, and for the 
manufacture of leather. See Glue, Leathee, Tan, and Fues. 

In 1873 our Imports of skins, furs, and pelts were as follow : — 



Number 

Value 

Goat and kid, undressed 

1,358, 89o 

£ 

174,093 

n „ tanned, tawed, or dressed .... 

5,456,709 

623,08? 

Seal 

876,077 

427,274 

Sheep and lamb, undressed 

8,363,736 

1,322,848 

„ tanned, tawed, or dressed . . . * 

3,760,619 

313,369 

Unenumerated, being furs 

4,026,665 

419,104 

„ not being furs, dressed and undressed 

3,768,970 

458,998 

Skins and furs manufactured 

30,677 

Specimens illustrative of natural history .... 


36,021 


ftlkfaCK (Laitier, Fr. ; Schlacke, Ger.) This is the vitreous mass whicli covers the 
fused metal in the smelting-hearths. In the iron-works it is commonly called cinder. 
Slags consist, in general, of bi-silicates of lime and magnesia, along with the oxides of 
iron and other metals ; being analogous in composition, and having the same crystalline 
form in some cases as the mmoTBl pyroxene; in others as that of olivine. 

The following, selected from the analyses of Percy and Forbes, show the composi- 
tion of the iron-furnace slags : — 


Silica 

28-32 

4206 

39-52 

29*60 

Alumina .... 

24-24 

12*93 

15*11 

41*28 

lime 

40*12 

32*53 

32-52 

0*47 

Magnesia .... 

2-79 

1*06 

3-49 

035 

Pre^oxide of manganese . 

0-07 

2*26 

2*89 

1*13 

Protoxide of iron . 

0*27 

4*94 

2*02 

48*43 

Sesquioxide of iron. 

... 

... 

... 

1711 

Potash, with traces of soda 

0*64 

2-69 

1*06 


Sulphate of lime . 

0*26 

... 

... 


Sulphide of oalcinm 

3-38 

1*03 

2*15 

1 

PbMhorie add 

Sulphide of lioii 

... 

0*31 


1*34 

1*61 

I«ii . 

•*' 

0*19 

1-24 

... 

' 

100*09 

100-00 

100*00 

101-82 
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Of the last of these, Dr. Percy remarks : — 

* An immense quantity of iron slag, far richer than many iron ores, is annually 
thrown away, and it may bo that the presence of phosphoric acid in sensible quantity 
is one of the causes which prevents the re-smelting of this slag to advantage. The 
fact has not yet sufficiently attracted the attention of those engaged in the manufac- 
ture of iron. The discovery of a method of extracting economically good iron from 
these rich slags would bo of great advantage to the country, and could not fail amply 
to reward its author.’ 

Numerous attempts have been made to utilize the slags produced in great quantity 
from our blast furnaces, but hitherto no process appears to have been attended with 
jiuccess. One of the most recent attempts has been that of Mr. Charles Wood, of 
Middlesbro’. Ho employs a machino for caking the slag, which is simply a horizontal 
rotfitive table on which the slag flowing from the slag-spout of the blast-furnaco is de- 
posited and slowly borne round in a continuous layer of from half an inch to three- 
quarters of an inch in thickness. The table is composed of thick slabs of iron with 
water flowing freely through them to keep them cool. The thin layer of slag is solidi- 
fied by the cool slabs, then water is allowed to flow freely on it, and scrapers placed 
athwart the table break the friable material into pieces and gather it right away into 
tho waggons. Mr. Wood attempts to prove by comparative statements that great 
economy would be effected by the use of the caked slag and slag-sand as concrete, and 
of the slag-sand mixed with lime as a mortar. The slag- sand is prepared by allowing 
tho molten slag to flow from tho furnace into a rotating drum containing water ; tho 
slag falling into the water is disintegrated to a coarse powder. 

Hlast-furnace slags have been much used for road-mending, but they do not answer well 
on account of their extreme brittleness. This fault can, however, bo to a great extent 
rtmedied by devitrifying them. This is done by allowing them to cool very slowly. 
The slag, % a process introduced by Mr. Egleston, is cast in huge blocks, which aro 
then subjected to pressure; after the blocks are cold they are found to possess much 
toughness, and are said to furnish an excellent material for road-making. 

For many years past the slags of copper furnaces have been used for building 
purposes, and to a less extent the slags from blast-furnaces. Processes are now being 
practised, which though somewhat complicated and troublesome, furnish blocks whicii 
aro completely impervious to damp, possess the necessary toughness, and are admirably 
suited for the foundation of buildings. 

In one plan, when the furnace is tapped, the slag is alio, wed to run into a semi- 
circuhir vessel, which being on wheels, is readily brought to and from the furnace. At 
tho bottom of this vessel, is a layer of sand and coke dust three centimeters thick. A 
bent rake or paddle is then employed to mix thoroughly tho slag with tho sand and 
cinders, until the gases cease to bo evolved, and tho mass is nearly solid. The semi- 
solid mass is then ladled into moulds, provided with iron lids, which are fixed down as 
soon as no more bubbles of gas appear. When completely solid, but while still red 
hot, the block is placed in an annealing oven, and covered with coke-dust, so that the 
complete cooling shall not take place in less than three or four days. 

When the slag contains 38 per cent, and upwards of silica, a serviceable building 
stone can be obtained from it by simply taking care that the annealing process is 
sufficiently long. This is in some works eflfected by allowing the whole of the slag to 
run down a shoot into a pit lined with sand and ashes, with which it is also covered 
up. If proper precautions have been taken to prevent premature chilling, it will be 
nearly ten days before the slag is sufficiently pasty to allow of its being filled into 
moulds. The blocks arc, subsequently, as carefully cooled as in the former process. 

In some parts of Belgium the slag is met, as it leaves the blast-furnace, by a stream 
of water, with the effect of breaking it up into a powder even finer than sand. This 
product tho puddlers use for making the moulds for their pig-iron, and greatly prefer 
it to sand. A kind of glass is also made byrimniug the slag on iron platos, which are 
afterwards cooled by the judicious application of water. The slag-powder is also used 
for mortar-making. Very rapid hanlening is said to be thus secured, a point of great 
importance in the building of foundation-walls and all subsoil erections. Bricks are, 
in some parts of Europe, glazed by powdering them with slag before drying, and 
afterwards burning them out of contact with carbon. The glaze thus produced is very 
perfect, and as the slags are of different colours a variety of tints are obtained. Tiles, 
drain-pipes, and earthenware generally may be thus treated. It has been tried how 
far a mixture of clay and granulated slag may with advantage be used for fire-bricks. 
The results of its use in a brass furnace are said to have been exceedingly satisfactory. 

BtJLTaB. {Ardoises, Fr. ; Schiefer, Ger.) The substances belonging to tms 
class may be distributed into the following species 1. Mica-schist, occasionally used 
for covering houses. 2. Hoofing slate. 3. Whet slate. 4. Polishing slate. 6. Biuw* 
ing slate, or black chalk. 6. Adhesive slate. 7. Bituminona shale. 8. Slate-clar. 
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1. Mica-fokut, sometimes called Mica-slatc, — This is a rock occupying a vast 
eactent^ in some mountain chains : it is of a schistose texture composed of the minerals 
mica and quarts, the mica being generally predominant. 

2. Rocifing^tktte , — This substance is closely connected with mica-slate; so that unin- 
terrupted transitions maybe found between these rocks in many mountain chains. It is 
a simple schistose mass, of a bluish-grey or greyish-black colour, of various shades, 
and a shining, somewhat pearly internal lustre on the faces, but of a dead colour in 
the cross fracture. 

This slate is extensively distributed in Great Britain. It skirts the Highlands of 
Scotland, from Loch Lomond by Callender, Comrie, and Dunkeld ; resting on, and 
gradually passing into mica-slate throughout the whole of that territory. Roofing- 
slate occurs on the western side of England, in the counties of Cornwall and Devou ; 
in various parts of North Wales and Anglesea ; in the north-east parts of Yorkshire, 
near Ingleton, and in Swaledale; as also in the counties of Cumberland and Westmore- 
land. It is likewise met with in the counties of Wicklow and other mountainous 
districts of Ireland. 

All the best beds of roofing-slate imj>rove in quality as they lie deeper under the 
surfsice ; near to which, indeed, they have little value. This variety of slate is found 
in the Cambrian, Silurian, and Devonian formations. 

A good roofing-slate should split readily into thin even laminae : it should not bo 
absorbent of water either on its face or endw’ise, a property evinct d by its not increasing 
perceptibly in weight after immersing in water ; and it should be sound, compact, and 
not apt to disintegrate in the air. The slate raised at Eisdale, on the west coast of 
Aigyleshire, is very durable. The slates of Ponrhyn and other quarries in North 
Wales are very celebrated ; those of Dclabolo in Cornwall arc also well known and 
much esteemed. 

Cleaving and Dressing of tlic Slates , — The splitter begins by dividing the blocks, cut 
lengthwise, to a proper size, which lie rests on end, and steadies between his knees. 
He uses a mallet and a chisel, which he introduces into the stone in a direction 
parallel to the cleavage planes. By this means he reduces it into manageable pieces, 
ne gives to each the requisite length, by cutting cross grooves on the fiat face, and 
then striking the slab with the chisel. It is afterwards split into thinner sections, by 
finer chisels dexterously applied to the edges. The slab is then dressed to the proper 
shape, by being laid on a block of wood, and having its projecting parts at the ends 
and sides cut oflP with a species of hatchet or chopping-knife. It deserves to be 
noticed that blocks of slate may lose their property of divisibility into thin laminjc. 
This happens from long exposure to the air, after the}’ have been quarried. The 
workmen say, then, that they have lost their waters. J^'or this reason, the number of 
splitters ought to be always proportionate to the number of block-hewers. Frost 
renders the blocks more fissile ; but a supervening thaw renders them quite refractory. 
A new frost restores tlie faculty of splitting, though not to the same degree ; and thi^ 
workmen therefore avail themselves of it without delay. A sucee.s.sion of frosts and 
thaws renders the quarried blocks quite intractable. 

3. Whet date, or Turkey ho7ic, is a slaty rock, containing a groat proportion of quartz, 
in which the component particles, the same as in clay-slate and mica-slate, but in 
different proportions, are so very small as to be indiscernible. 

4. Polishing slate. Colour, cream-yollow', in alternate stripes ; massive ; composition 
impalpable ; principal fracture, slaty, thin, and straight ; cross fracturiN fine earthy ; 
feels to®, but meagre ; adheres little, if at all, to the tongue ; is very soft, passing into 
friable; specific gravity, in the dry state, 1*6; when imbued with moisture, Ft). It 
is supposed to have been formed from the ashes of ljurnt coal. It is found at Plaiiitz 
near Zwickau, and at Kutschlin near Bilin in Bohemia. 

6. Drawing daUf or Black chalk, has a greyish-black colour; is very soft, soptile, 
easily broken, and adheres slightly to the tongue; spec. grav. 2TI. Tlie streak is 
glistening. It occurs in beds in primitive and transition clny-slate ; also in secondary 
formations, as in the coal-measures of most countries. It is used in crayon-dravaiig. 
Its trace upon paper is regular and black. The best kinds are found in Spain, Italy, 
and France. &me good black chalk occurs also in Caernarvonshire and in the island 
of Iriay. 

6. ^heaive elate has a light greenish-grey colour, is easily broken or exfoliated, 
has a shining streak, adheres strongly to the tongue, and absorbs water rapidly, with 
the emission of air-bubbles and a crackling sound. 

7. BUvmmoue shale is a species of soft, sectilo slate-clay, much impregnated with 
bitumen, whidi occurs in the coal-measures. See Kimmkuiduk Shale, and Shatjss. 

5. BHaU-eUty has a grey or greyish-jellow colour ; is massive, with a dull glim- 
mering lustre fttnn spangles of mica interspersed. Its slaty fracture approaches at 
tunes to earri^; ftagments, tabular ; soft, sectile, and veiy frangible ; specific gravity, 
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2-C, It adheres to tho tongue, and crumbles down when immersed for some time in 
water. It is the Killas of the Cornish miners. 

In addition to the slates j)roperly so called, many fissile rocks, which split along 
planes of bedding into sufficiently thin slabs to be used for roofing, are popularly 
called ‘ slates,’ Thus the Stoiiesfi-eld date is a thin-bedded arenaceous limestone, at the 
base of tho Groat Oolite, largely quarried at Stonesfield, in Oxfordshire. The Colley- 
vjrston slate is a similar fissile limestone, belonging to the Lincolnshire (Inferior) 
Oolite, which is worked at Colley weston, in Northamptonshire, and is much used by 
Sir Gilbert Scott for roofing churches built in the Gothic style. The Dmton date is 
a similar material occurring in the Northampton sands. 

SXikTT C&&.A.VAOB. See Gi^eayagb. 

SBXD1S8. A miner's term for a dislocation of the strata, which is evidenced by the 
sliding of one portion of the rock over the other. These slides are often, but not always, 
filled with a softer matter than the rock, a clay in a greater or less state of induratiou. 

SXiZSlBirSZSBS* The name given to smooth striated surfaces of rocks or of 
mineral lodes, indicating the grinding action of the movement of heavy masses. Many 
polished surfaces are called slikensidcs to which the term is evidently inapplicable. 

SXiXP. A fracture of strata, with the levels of the relative beds altered on the 
opposite sides of the fracture : the beds are thus slipped out of their original position. 

SBOKB. The common name for laver. See Algje. 

SAKAXiT. A beautiful blue glass made by melting cobalt ore with flint and potash. 
It is largely prepared in Saxony ; for an account of its manufacture, see Cobalt. The 
chemical composition of a specimen of German smalt was as follows Silica, 66’20 ; 
potash and soda, 16‘31 ; oxide of cobalt, 6*49; alumina, 0*43; oxide of iron, 0*24; 
arsenic, a trace ; water, &c., 0'57. 

SMAXiTXWB. See Cobalt. 

SBXECTXTB. A name given to a kind of fuller’s earth, found in Lower Styria. 

SMXTBSOirXTB. See Calamine ; Zinc. 

SXIKBXiTXiro. The processes for obtaining the metals from the ore.s. These are 
described under their respective heads. See Copper, Iron, Lead, Silver, Tin, Zinc, &c. 

SMOXB. The more volatile portions of coal, passing off, charged with finely- 
divided carbon, at a comparatively low temperature. 

If the black smoke, which escapes from a furnace when a quantity of cold coals is 
thrown in upon an incandescent mass, can be made to pass over {mother portion of 
cofil in {ictivo combustion, tliis carbon is consumed, i.c. combined with atmospheric 
oxygen, and converted into carbonic oxide, which burns, producing carbonic acid; 
and it therefore eventually escjipes as colourless vapour. 

One great cjiuse, and perhaps the greatest cause of tho annoyance of smoke in large 
towns is the carelessness of the m{in supplying fuel to the fire. Where coal is abun- 
dant, tho stoker ususilly piles an unnoccss{iry quantity of fuel upon his fire, and this 
has the effect of reducing the heat, and of producing dense volumes of black smoke. 
Where co.'il is scarce and dear, as in Cornwall, careful stoking leads to an almost 
entire absence of smoke. A small quantity of coal is placed in front of the fire at a 
time ; here it undergoes a coking process, the volatile carbon passing over tho heated 
coiil is burnt, and no visible smoko escapes. When the coal is thoroughly coked, it is 
shovelled in over tho fire, ;ind a fresh portion of coal is placed in front, to undergo 
the same process. 

Prevention of Smoke. — The attention of the legislature has been directed to this 
nuisjnice, and sundry Acts have been passed to reguhite and reduce the evil. Tho 
following extract from tho ‘ Act to Amend the 8moke Nuisance Abatement (Metro- 
polis) Act’ (1G& 17 Viet. cap. cxviii.) August 20, 1853, should have every attention 
from manufacturers : — , 

‘Frem .and after the 1st day of August 1854, every furnace employed or to be 
employed in the metropolis in the working of engines by steam, and every furnace 
employed or to bo employed in any mill, factory, printing-house, dye-house, iron- 
foundry, glass-house, distillery, brew-house, sugar-refinery, bake-house, gas-works, 
water-works, or other buildings used for tho purpose of trade or manufacture within 
the metropolis (although a steam-engine bo not used or employed therein), shall in 
all cases bo constructed or altered so as to consume or burn the smoke arising from 
such furnace ; and if any person shall, after the 1st day of August 1854, within the 
metropolis, use any such furnace which shall not be constructed so as to consume or 
burn its own smoke, or shall so negligently use any such furnace^ as that the smoke 
arising therefrom shall not be effectually consumed or burnt, or shall carry on any 
trade or business which shall occ{iS)on any noxious or offensive effluvia, or otherwise 
annoy the neighbourhood or inhabitants, without using the best practical means for 
preventing or counteracting such smoke or other annoyance, every person so 
offending, being the owner or ocmipier of the premises, or being a foreman or other 
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ptT¥m emjdoyed hy such owner or occupier^ shall, upon a summary conviction for such 
offimee berore any justice or justices, forfeit and pay a sum not more than 5^. nor less 
than 40s., and upon a second conriction for such offence, the sum of 10/., and for 
each subsequent conviction, a sum double the amount of the penalty imposed for the 
last preceding conviction: provided always, that nothing in this Act shall extend or 
apply to^ any glass-works or pottery-works established and existing within the 
metropolis before the passing of this Act, with the exception, however, of all steam- 
engine furnaces and slip-kiln furnaces employed in and belonging to such works 
respectively, to which furnaces the provisions of this Act shall extend and apply.’ 

‘An Act to Amend the Smoke Nuisance Abatement (Metropolis) Act, 1853.’ (July 
29, 1866.) ‘From and after the let day of January 1858, the above-mentioned pro- 
vision whereby certain furnaces in glass-works and pottery- works were exempted from 
the operation of the said Act shall be repealed ; and all steam-vessels plying to and 
fro between London Bridge and any place on the river Thames to the westward of 
the Kore Light shall be subject to the provisions of the said recited Act relating to 
steam-vessels above London Bridge. 




‘And whereas it is expedient that furnaces employed in public baths and 
wash-houses should be included within the provisions of the said recited Act : be it 
enacted, that from and after the said 1st day of January 1858, every furnace employed 
or to be employed in any such public baths and wash-houses in the metropolis, 
although the same sliall not be used for the purposes of trade or manufacture, shall 
be, and the same is hereby included in and made liable to all the provisions of the 
said recited Act.’ 

Among the numerous inventions which have been patented for effecting this pur- 
pose, with regard to steam-boilers and other large furnaces, very few are sufficiently 
economical or effective. The first person who investigated this subject in a truly 
^iloso|diical manner was Mr, Charles Wye Williams, managing director of the 
Dublin and Liverpool Steam Navigation Company, and he also has had the merit of 
constructing many furnaces, both for marine and land steam-engines, which thoroughly 
inevent the production of smoke, with increased energy of combustion, and a more or 
less considerable saving of fuel, according to the care of the stoker. The specific 
invention, for which he obtained a patent in 1840, consists in the introduction of a 
proper quantity of atmospheric air to the bridges and flame-beds of the furnaces, 
throng^ a greater number of small orifices, connected with a common pipe or canal, 
whose area can be increased or diminished according as the circumstances of complete 
combustten may rerate, by means of an external valve. The operation of the air 
thus jjassed in small jets into the half-burned carburetted hydrogen gases over the 
fires, IS thdr perfret combustion, the development of all the heat which they can 
jrodkioe, and the entire prevention of smoke. One of the many ingenious methods 
m whidi }Iir. Willisms has carried out the principles of what he justly calls his 
Argand frttnaoe, is ropiisented hy fig, 1864, where a is the ash-pit of a steam-boiler 
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furnace ; b is the mouth of a tube which admits the external air into the chamber or 
iron box of distribution, c, placed immediately beyond the fire-bridge, g, and before 
the diffusion or mixing chamber, /. The front of the box is perforated either with 
round or oblong orifices, as shown in the two small figures «, c, beneath fig, 1864 ; c?, 
is the fire-door, which may have its fire-brick lining also perforated. In some cases, 
the fire-door projects in front, and it, as well as the sides and arched top of the fire- 
place, are constructed of perforated fire-tiles, enclosed in common brickwork, with an in- 
termediate space, into which the air may be admitted in regulated quantity through a 
moveable valve in the door. Fire-places of this latter construction perform admirably 
without smoke, with an economy of one-seventh of the coals usually consumed in 
producing a like amount of steam from an ordinary furnace ; A is the steam-boiler. 

Evidence was presented some years ago to the Smoke Prevention Committee of the 
House of Commons of the successful application of Mr. Williams’s patent invention to 
many furnaces of the largest dimensions, more especially by Mr. Henry Houldsworth, 
of Manchester, who, mounting in the first flue a pyrometrical rod, which acted on an 
external dial-index, succeeded in observing every variation of temperature produced 
by varying the introduction of the air-jets into the mass of ignited gases passing out of 
the furnace. He thereby appeared to demonstrate, that 20 per cent, more heat could 
be obtained from the fuel, when Mr. Williams’s plan was in operation than when the 
fire was left to burn in the usual way, and with the production of the usual volumes 
of smoke. 

Jt should bo borne in mind that consumptimi of smoke implies cleanliness, economy 
of health, and economy of labour. Are not these sufficient reasons to induce manufac- 
turers to use the best means possible to do away with a great nuisance, and to avoid 
the waste of so precious a commodity as coal, for a time may come when we shall 
have cause to regret our extravagant consumption of that article? We have shown 
that the cause of smoke , is incomplete combustion, caused either by the want of a 
sufficient quantity of Jiir, or by such air being admitted under such circumstances that 
its admission is worse than useless. Experience has proved that there are but few 
difficulties in constructing arrangements which will efiPect the consumption of smoke ; 
l.)ut desirable as the process is, it must bo admitted that smoke-consuming is not 
found to bo economical, although it is in every sense desirable. 

13y means of Wright’s patent smoke-consumer, the air admitted into the furnace 
is regulated by a self-acting ventilating door, so as to furnish the necessary amount 
of oxygen requisite for perfect combustion. The air is also diffused over the entire 
surface of the fire. By this apparatus, a partially-decomposed and nearly red-hot 
jet of steam is projected from over the door down upon the incandescent fuel. 
By that means the fire becomes brighter, not damped, as it would be were wet steam 
used, and not only causes a vacuum in the furnace, thereby increasing the draught, 
but effectually prevents the cold air admitted through the door and the gases distilled 
from the coal from touching the boiler-plates, thus .avoiding — 

1. The cooling of the boiler-plates by the action of the cold air striking them, and 
causing the continual expansion and contraction of the metal, which is so injurious 
to boilers. 

2. The gases formed by the first tiction of the hot furnace on the coal thrown in 
from coming in contact with the top of the furnace or boiler-plates, the temperature 
of which being no greater than that of the contents of the boiler, can only cool those 
gases to such an extent that their combination with oxygen cannot take place. 

Not only are these two great evils avoided, but the jet of steam forces the gases 
distilled from the coal on to the incandescent fuel at the back of the furnace, 
together with the air admitted through the door, thus multiplying the points of contact 
ad infinitum^ thereby causing instantaneous combination of their elements, making 
the combustion as perlect as it can be in a manufacturing point of view; and ob- 
taining all the heat that the combination of oxygen with the hydrogen and carbon 
can ^pve. The smoke is never allowed to pass the bridge of the furnace; in fact, its 
forming is prevented. The apparatus is simple and efficient in its action, not liable 
to get out of repair. It can bo applied in two days at the utmost, and has been fre- 
quently fitted in one day, and it is adapted for every description of furnace. Under 
all circumstances, however, it has been proved that careful stoking is the best method 
for preventing the escape of smoke. 

SMOaiT QIJA&TZ. A variety of quartz having a smoke-coloured tint: it com- 
prises the clove-brown variety of cairngorms. 

SOAP is a chemical compound, manufactured on a very extensive scale, forming, 
accordingly, a considerable article of commerce. It is a compound resulting from the 
combination of certain constituents derived from fats, oils, grease of various kinds, 
both animal and vegetable, with certain salifiable bases, which, in detergent Maps, 
are potash or soda. 
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Oils and fats consist chiefly of oleine and stearine, as in tallow, suet, and several 
vegetable fata; of margarine, which occnrs in animal fats, in butter, in olive and other 
vegetable oils ; of palmitine, which is found in palm oil ; and so on with various other 
immediate principles, according to the nature of the fats and oils employed by the soap- 
maker. Natural fatty substances, however, are never exclusively formed of one of 
these principles, but are, on the contrary, composed of several of them in various pro- 
portions, oleine alone being a constant constituent in all of them. 

Natural or neutral fets and oils, chemically considered, are really salts, sometimes 
called ‘glycerides; ’ that is to say, are combinations of acids, oleic, stearic, margaric, 
acid, &C., with the oxide of a hypothetical radical called glyceryl. 

Stearine being, therefore, a combination of stearic acid with oxide of glyceryl, is a 
stearate of oxide of glyceryl. 

Oleine is a combination of oleic acid with oxide of glycerjd, and is, therefore, an 
oleate of oxide of glyceryl. 

Margarine is a combination of margaric acid and oxide of glyciTyl, and is, there- 
fore, a margarate of oxide of glyceryl, and so on with the other constituents of fats 

and oils. 

Glycerine is a combination of oxide of glyeerj'] with water, which, in that case, 
plays the part of an acid to form a hydrate of oxide of glyceryl (glycerine). 

Now, when neutral fats (namely, oleine, stearine. margarine, &c., or the fats or oih: 
which they constitute) are troaU^d by solutions of caustic alkalis, such as potesh or 
soda, their constituents react upon eacli other, and combine with the potish or soda ; 
and provided too great an excess of alkali lias not been nseci, the fat or oil dissolves in 
the alkaline solution into a syrupy liquid, which on cooling forms a gelatinous mass 
which is nothing else than an aqueous solution of .soap mixed with the glycerine, 
which the treatment has set free. 

The following equation, in -which, for the sake of simplicity, one of these princi])les 
only, stearine^ and soda dissolved in water, arc taken as examples, will clearly illustrate 
this interesting reaction : — 

Stearine. 


Stearate of oxide of glyceryl + soda + water 
= stearate of soda + hydrate of oxide of glyceryl 


In the same way : - 


hard soap. 


glycerine. 


Oleine. 


/ ;; \ 

Oleate of oxide of glyceryl ■+ soda + w.iter 
= oleate of soda -r hydrate of oxide of glyceryl 

I ^ > V - ^ ^ - 

hard soap. glycerine. 


According to the modern views of chemists, however, glycerine may be regarded as 
propenylic alcohol, one of the group of triatoinic alcohols. The natural fats then 
become tariatomic ethers of the fatty acids ; thus stearine (tristearinc) consists of pro- 
peqyl tristearatc. All soaps are metallic salts of the fatty acids, or mixtures of 

those salts. 

Soaps made with soda are hard ; those made with potash are soft ; the degree of 
hardness being so much greater as the melting-point of the fats employed in their 
manu&cture is higher, hence the more oleine a bitty matter contains, the softer the 
soap made -with it will be, and vice versa. The soltest soap, therefore, would be that 
made altogether with oleine (oleic add) and potash (oleate of potash); the hardest 
would be that made with stearine and soda (stearate of soda). 

The fats or oils employed for the manufacture of soaps, are tallow, snot, palm oil, 
cocoa-nut oil, kitchen fat, bone-grease, horse oil or fat, lard, butter, train oil, seal oil, 
and other flsh oils, rape oil, poppy oil, linseed and liempseed oil, olive oil, oil of 
almonds, sesame, and ground-nut oil, and resin. This last substance, though 
very soluble in alkaline menstraa, is not, however, susceptible, like fats, of being 
transformed into an acid, and will not, of coupe, saponify or form a proper soap by 
itself The more caustic the alkali the less consistency has the resinous compound which 
is made with it. The employment of caustic alkalis, however, is not neces.sary -with it, 
since it dissolves readily in aqueous solutions of wirbonated alkalis, but even with 
carbonate of soda it forms only a viscid mass, owing to its great affinity for water, so 
that even after having been artificially dried in an oven, and thus rendered to a great 
extrat hazdt^ the mass deliquesces again spontaneously by exposure, and returns to 
the soft ataU. Tlie drying oils, such as those of linseed and poppy, produce the 
•oftest soaps. 
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We said that by boiling fats or oils with an aqueous solution of potash or of soda 
a solution of soap was produced. The object of the soap-maker is to obtain the soap 
thus produced in a solid form, which is done by boiling the soapy mass so as to 
evaporate the excess of water to such a point that the soap may separate from the 
concentrated liquor and float on the surface thereof in a melted state, or by an 
Admixture of common salt, soap being insoluble in lyes of a certain strength or degree 
nf concentration, and in solutions of common salt of a certain strength, the glycerine 
remaining, of course, in solution in the liquor below the separated soap. Such is the 
tluiory of soap-making ; but the modus operandi followed by practical soap-makers 
wdll be described presently. 

On the Continent olive oil, mixed with about one-fifth of rape oil, is principally 
used in making hard soap. This addition of rape oil is always resorted to, because 
olive oil alone yields a soap so hard and so compact that it dissolves only with 
difficulty and slowly in water, which is not t he case wnth rape oil and other oils of a 
similar nature, that is to say, \nt\i oils which become thick and viscid by exposure, and 
which on that account are called drying oils, experience having taught tluit the oils 
wdiich dry the soonest by exposure, yield with soda a softer soap than that made with 
oils which, like olive oil, remain limpid for a long period under the influence of the 
air. The admixture of rape oil has, therefore, the effect of modifying the degree of 
hardness of the soap, and, consequently, of promoting its solubility. In England tillow 
is used instead of olive oil ; the soap resulting from its treatment with soda is known 
under the name of mtrd soap, and is remarkable for the extreme difficulty with w'hicli, 
it dissolves in w'ater. The small, white, cubic, waxy, stubborn masses, wdiich until a 
few years ago were generally met with on the washing-stand of bedrooms in hotels, 
and which for an indefinite period passed on from traveller to traveller, each in turn 
urusuccessfully attempting, by various devices and cunning immersions in water, to coax 
it into a lather, is curd soap. Eape or linseed oil, added in cert/iin proportions to tallow, 
would modify this extreme hardness and difficult solubility, but it is now the general 
practice to qualify the tallow with cocoa-nut oil, an oil, wdiicli, converteil into soap, has 
the property of absorbing incredible quantities of water, so that the soap into the 
mainifjicturo of which it has entered lathers immediately, (locoa-nut oil, however, 
acquires by saponification a most disagreeable odour (due to the formation of caprylie 
acid), which it imparts to all the soaps in the manufacture of which it enters, an odour 
which persists in spite of any perfume which may bo added to mask it. 

Tlio admixture of one-fourth or one-fifth of resin with tallow, in the process of 
saponificiitiou, modifies also the hardness and considerably increases the solubility of 
curd soap, and this, in fact, constitutes the best ycUow soap. 

It basbeen said fibove that soap was more or less hard in proportion as the melting- 
])oint of the fats employed in its manufacture was higher or lower. There are cer- 
tain fatty substances, technically called ‘weak goods,’ such as kitchen fat, bone-fat, 
horse oil, &c., which could hardly be used alone, still less with resin, the soap which 
they yield being too soft, and melting or dissolving away too rapidly in the washing- 
tub. This led the ^v^ite^ to think, that if a means could be devised of artificially 
liardening sonp, a larger class of oleaginous and fatty substances could be rendered 
available, at any rate; to a greater extent than they theretofore had been, and that, by 
t hus extending the resources of the soap-boiler, he should be enabled to produce a good 
and useful soap from the cheapest materials, and thus convert soaps of little coiu- 
mevcial value into useful and economical products. 

]]i making experiments with this view, he found that the introduction of a small 
quantity of melted crystals of sulphate of soda into the smp answered the purpose 
admirably, and that the salt in recrystallising, imparted to the soap, which other- 
wise would have been soft, a desirable hardness, and prevented its being wasted 
in the tub. The use of sulphate of soda acts, therefore, inversely, like tlie addition 
of rnpe oil, or linseed oil, or of resin to tallow, in the manufacture of soap. This 
process, which was patented in 1841, has been, since the removal of the duties on 
soap, extensively employed by soap-makers, and continues to be highly approved 
of by the public. We shall describe further on the manner of practising this process, 
and the further improvements which were made to it in 1865. 

Of the manufacture of hard The fat of this soap, in the northern countries 

of Europe, is usually tallow, and in the southern, coarse olive oil. Different species 
of grease arc saponified by soda, with tliffereiit degrees of facility ; among oils, the 
olive, sweet almond, rapesoed, and castor oil ; and among solid fats, tallow, bone* 
erease, and butter, are most easily saponified. According to the practice of the United 
Kingdom, six or seven days are required to complete the formation of a pan of hard 
soap, and a day or two more for settling the impurities, if it contains resin. From 
12 to 13 cwts. of tallow are estimated to produce one ton of good soap. Several years 
ago, in many manufactories the tallow used to be saponified with potash-lyes, and the 
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MBulti&g loft soap was oonvezted, in the coiirse of the process, into hard soap, by the 
iatvodiution of muriate of soda, or weak kelp-lyes, in sufficient quantity to furnish 
the proper quantity of soda by the reaction of the potash upon the neutral salts. But 
the nigh price of potash, and the diminished price, as well as improved quality of the 
crude sodas, have led to their general adoption in soap-works. 

The first step in the production of soap consists in obtaining a solution of soda, or 
what is termed caustic lye. For this purpose a given quantity of the soda-ash above 
alluded to, is stratified with a quantity of recently-burnt quick-lime, in tanks of 
wxought-iron, or <ylindrical cast-iron vats, from 6 to 7 foet wide and from 4 to 5 feet 
deep, the lowest Layer being, of course, quick-lime. These vats have frequently a 
false bottom, perforated with holes, or else a coarse piece of matting is placed over 
the plug-hole, placed at the bottom of the said vats or tanks, which plug-holo is, of 
course, closed generally by a wooden plug. Water is then poured upon the whole mass 
until the tanks are full, and the whole is allow'ed to stand for twelve or eighteen hours. 
The plug being then withdrawn, the saturated solution of caustic soda flows down 
into a reservoir placed beneath, after which the plug is replaced, more w'ater applied, 
and this operation is repeated five or six times, until, in fact, the soda is almost 
entirely extracted ; the various liquors thus obtained, in a clear and caustic state, 
after infiltration through the beds of lime, being convoyed to separate and distinct 
reservoirs, distinguished from each other by the names oi first running^ second running ^ 
and so on ; the last, being, of course, the weakest. 

Having in this way pr^uced a series of caustic lyes of different degrees of strength, 
about 200 gallons of the weakest, which has a specific gravity of about 1-040, is 
pumped into the soap-pan or boiler, or cerpper^ as it is called, though genemlly made 
of cast iron, and about 1 ton of tallow is added ; heat is applied, and after a gentle 
ebullition of about four hours, it will be found that the lye will have lost its causticity, 
or, in technical language, that it is killed^ and that the fat is saponified, which is knowm 
by taking a portion of the mass on a trowel, w'hen it will be observed that the liquid 
separates at once from the soapy mass, wdiich it leaves in streaks on the towel. The 
lyes ^us used at first, if composed of pure soda, would conUiin about 4 per cent, of 
alkali, but from the presence of neutro-saline matter they seldom contain as much as 
2 per cent. ; in fact, a gallon may bo estimated to contain not more than 2 ounces, so 
that 200 gallons contain 25 lbs. of real soda. The fire being withdrawn, the whole is 
now allowed to cool and remain at rest for about one hour, until the lye, now deprived 
of its alkali, and tlierefore, called spent Ige^ settles to the bottom of the copper. This 
spent lye contains a portion of glycerine derived from the fat or tallow, together with 
the sulphate of soda and common salt of the soda-ash, and is pumped off by moans 
of an iron pump, which is lowered down into the lower pan of the soap -copper, 
a practice which might be advantageously replaced by opening a cock which might 
be placed at the bottom of the copper, but which is retained as a remnant of tliat 
abominable system of excise, which did not permit the spent lyes to be otherwise 
withdrawn, as the excise laws forbade any cock or aperture being placed or made at the 
bottom of soap-coppers. This constitutes what is culled an operation. A second 
similar charge of lye is now introduced into the pan along with a fre.sh quaiitity of 
tallow or of grease, and a similar boiling process is again repeated. Three or four 
such boilinM may be practised in the course of a day by an active sojip-boiler, with 
lyes of gnmually-increasing strength. Next day the same routine is renewed with 
stronger lyes, and so progressively until towards tlie sixth day the lye may have the 
densitj of 1*160, when a period arrives at which it will be found that the whole of the 
tallow or fiat is oompletely saponified, that is to say, has combined with its full equi- 
valent of 0od4» This point is well known to the workmen by the consistency of the 
cmnpoQitd ; in eflbct it is sufficient to take a portion of the mass on a trow el, and 
to sqneece a little of the mass between the forefinger and thumb ; if not quite and 
thoroughly it will still have a greasy feel, but if done it will on cooling 

readily sepaBiite from the skin in hard scales ; neither has it the taste peculiar to 
graoee. Attom certain mode, however, especially for those who have not acquired 
■ufileiec^ is to decompose a portion of the saponified or partly-saponified 

mass with an add, and to ascertain whether the grease is wJwllg soluble in boiling 
j^iiits of wnia» fior if it is not thus wholly soluble, the saponification is imperfect. 

addition of conunon salt for the separation of the spent lyes is essential to the 
propsr gsanulation and separation of the soap, for otherwise the tallow and the lye 
voi^ nnka into a uniform Mnulsion, from which it would be very difficult after- 
guards to the spent lye; but as soap is quite insoluble in a solution of common 

ioltt the pertly<«aponifiad is thus brought to fioat on the surface, so that the 
opoat lye precipitates to the bottt^ whence as we said, it is pumped off. 

Aenwiig, however, that a perfect result has been secured, the soap has now to be 
to a Biaxketid»le oondn^ and for Uiis purpose it is boiled with a quantity of 
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weak lye or water. As soon as combination has taken place, a quantity of very 
strong lye is added, until an incipient separation begins to show itself. The heat is 
now increased, and the boiling continued for a considerable time, the mass being 
prevented from boiling over the vessel by workmen armed with shovels, who dash 
the soap to and fro, so as to break the froth upon the surface and favour evaporation. 
At first the soap is divided into an innumerable number of small globules, each 
separate and distinct from its fellow; but as the boiling goes on, those gradually run 
together into larger and larger globules, till at last the soap is seen to assume a pasty 
consistency, and to unite in one uniform mass, through which the steam from below 
slowly forces its way in a series of bursts of little explosions. The process is now 
finished, and all that remains to be done is to shut down the lid of the copper, having 
previously extinguished the fire. In from one to two or three days, according to the 
nature and quantity of the soap in question, the lid is again raised, and the semifluid 
soap ladled from the precipitated lye by means of ladles ; the product being thrown 
into a wooden or iron frame of specific dimensions, where its weight is estimated by 
measurement. In making common yellow or resin soap, the resin is usually added 
after the saponification of the tallow, in the proportion of one-third or one-fourth of the 
tallow employed. The subsequent operations are much about the same as those above 
described ; but in addition, just before closing the lid of the copper a quantity of water 
or weak lye is sprinkled over the melted soap, which carries down with it the mecha- 
nical impurities of the resin ; and these constitute a dark layer of soap resting upon 
the lye, which is not poured into tho frame with the rest, but is placed apart under 
the name of ‘ nigcr* and brings a less price. Good curd or white soap should contain 
of grease, 01*0 parts; soda, G*2; water, 32-8; total 100; or consist of grease-acid, 
1 atom = 315; soda, 1 atom = 32; w'ater, 17 atoms = 153. Eesin soap has a 
more variable composition, but when not adulterated with water should contain about 
as follows: grease and resin, 60; .soda, G; water 34; total 100. 

Manufacture of mottled, soap . — Soda wdiich contains sulphides is preferred for 
making the mottled or marbled soap, whereas the desulphuretted soda makes the best 
white curd so/ip. Mottling is usually given in the London soap-works, by introducing 
iiit/O the nearly-finished soap in the pan a certain quantity of the strong lye of crude 
soda, through the rose spout of a watering-can. The dense sulphuretted liquor, in 
descending through the pasty mass, causes tho marbled appearance. In France a 
small quantity of solution of sulphate of iron is added during the boiling of the soap, 
or rather with the first service of the lyes. The alkali seizes the acid of the sulphate, 
and sets the protoxide of iron free to mingle with the paste, to absorb more or less 
oxygen, and to produce thereby a variety of tints. A portion of oxide combines also 
with tho stearine to form a metallic soap. When the oxide passes into the red state, it 
gives tho tint called manteau Isabelle. As soon as tho mottkr has broken the paste, 
and made it pervious in all directions, he ceases to push his rake, from right to left, 
but only plunges it perpendicularly till he reaches the lye ; then he raises it suddenly 
in a vertical line making it act like the stroke of a piston in a pump, whereby he lifts 
some of the lye, and spreads it over the surface of the paste. In its subsequent descent 
through the numerous fissures and channels on its way to the bottom of the pan, tho 
coloured lye impregnates the soapy particles in various forms and degrees, whence a 
varied marbling results. 

Tho best and most esteemed soap on the Continent is that known under the name 
of Marseilles soap, and it diflfers from the English mottled soap by a different disposi- 
tion of the mottling, which in that soap is granitic instead of being streaky. It has 
also an agreeable odour, somewhat resembling that of the violet, whereas the English 
mottled soap, generally made of coarse kitchen and bone-fat, has an odour which 
reminds one of tho fat employed. The best English mottled soap in which tallow is 
employed has no unpleasant smell, and if bleached palm oil has been used it acquires 
an agreeable odour, analogous to that of the Marseilles soap, which is made of olive 
oil alone, or mixed with rape or other grain or seed oil, which, however, seldom ex- 
ceeds 10 per cent., for otherwise it would not have the due proportion of blue to the 
white which is characteristic of soap made of genuine olive oil, the mottling becoming 
more closely granular when an undue proportion of grain has been used, a sign of 
depreciation which the dealers are perfectly well acquainted with, and of which they 
at once avail themselves, to compel the maker to reduce his price. 

Pelouze and Eremy, in their Traite de Chimie gmirale, give the following reliable 
observations : — 

‘The best olive oil for tho use of the soap-maker is Provence oil; that of Aix 
comes next ; it is cheaper, but the same weight of it yields less soap than the other, and 
the latter has then a slight lemon-yellow tinge. The oil from Calabre contains len 
margarine, and yields a softer soap. 
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* Two kinds of soda-ash are used in Marseilles — the soft soda {sonde douce) and tho 
•sited soda {aoude adlke\ which contains a large quantity of common salt. 

‘To prepare the lye, the soft soda previously reduced into small lumps is mixed 
with 12 per cent, of slaked lime, and shovelled up into tanks of masonry of about 
2 cubic 3rard8’ capacity, called barquieiuc, and the exhaustion of the mass with water 
gives lyes of various degrees of strength. 

‘The lye marking 12® is used for the first treatment, oTtmpdtage of the oil which is 
then submitted to a second and third treatment with a lye marking 15° or 20°, the 
object of which is to close the grains of the emulsive mass in process of saponification 
{aerrcr V emp&tage). The operation requires about twenty-four hours. During all tho 
time of that operation a workman is constjintly agitating the boiling mixture of tlio 
oil and lye^ by means of a long rake or crutch, called rahle. The empatage is gene- 
rally practised in large conicfil tanks of masonry terminatefl at bottom by a copper- 
pan, and capable of containing 12 or 13 tons of made soap, and the operation proceeds 
so much the more rapidly, as the soda- lye employed contains less common salt, where- 
fore soft soda-lye {soude cUmcc) must be used at the beginning, as we said. 

‘ The next operation is that called rdargagcy the object of which is to separate the 
large quantity of water which has been used to facilitate the empatage. This separa- 
tion of the water, ^ or relargage^ is effected by means of salted soda (that is to say, of 
soda-ash, containing a good deal of common salt), of which as much is dissc^ivecl 
in water as will make a lye marking 20° or 25®. This salted lye is then gradually 
poured by a workman on the surface of tlie suj)onifying goods in the copper, while 
another workman is diffusing it in the mass by stirring tho whole with a rake or 
crutch. 

‘ The immediate effect of the salt thus added is to separate from the soapy mass the 
water in which it was dissolved, and which gave it a homogeneons and syrupy 
appearance, and to coagulate it, the sojip being thereby cured or coagulated, and 
converted into a multitude of granules floating among tho excess of water in which 
they were dissolved, and which the salt has separated. The whole being then left /it 
rest for two or three hours, in order to give the grains of soap time to rise and aggloiuo- 
rate at the surface, a workman proceeds to the Ipinagc, an operation which consists in 
withdrawing the liquid portion by removing a wooden plug placed at the lowcir part 
of the boiler.’ 

In this country the kpinage is generally performed by means of an iron pump 
plunging through the soap down to the pan at the bottom of the copper. 

This spent lye, in well-conducted factories, retains but little alk/ili, and is gene- 
rally thrown away ; ^ but as it cont/iins a rather large quantity of salt, which, in hVance, 
is an expensive article, it might be, and is sometimes, kept and used for preparing 
fresh lyes. 

After the first ipinage, the soap is treated twice jig/iiu with salt-lye, followed of 
comrse by two hpinages ; but as the salt-lye used in these two operations is not exhausted, 
it is always kept for preparing fresh lyes. 

The cleai^ing, that is to say, the removing of the soap into the frames, takes place 
on the third day, at which time the operation called madrage is performed. For 
that purpose a plank is thrown across the boiler or cop])er, /ind two or threi* men 
standing on it, and therefore over the soapy mass in the copper, proceed to stir it up 
for two or thre^ hours, by means of long crutches, which t hey alternately move up and 
down through it, the object being to keep the grains of soap well diffused through tlie 
liquid, w^k lyes marking only 8® or 10°, or ordinary water, as the case may be, 
being sprinkled from time to time into the mass, until the grains of soap have reab- 
sorb^ a sufficient qnantity of water and have swollen to such a size as to have a specific 
gravity very little greater than that of the liquid in which they float about. A 
skilfhl workman knows by the appearance of the soap grains whether he should 
use alkaline lyes or simple water, and this is indeed a most important iioint in the 
mannfactnre of MaraeVdes soap, for upon it tho success of the operation depends in a 
oommercial point of view, that is to say, all things being equal in other respects, a 
profit or loss on the batch of soap made will ensue. In effect, if too much water has 
bean added the soap will lose either the whole, or too great a portion of its mottling, 
that is to say, the result ^11 be either a dingy white curd, or a soap in which tlio 
white portions will predominate to too great an extent over the blue streaks ; a circum- 
stance which so far deteriorates the market value, the buyer shrewdly suspecting then 
that he would pay for water the price of soap. If, on thii contrary, a sufficient quan- 
tity of water has not been added, the soap grains remaining hard and dry, will form a 
more or leisfriable soap, th^b;^ causing also a deterioration of price, the buyer knowing 
tto s^ aoap, IxjMsrambling into small pieces every time he has to cut it with his 
xmfe in selling it to his customers, will considerably reduce Ins profit, or perhaps 
wn entail a positive loes to him r . r x- 
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In the best conditions, that is to say, by employing the best Gallipoli oil for the pur- 
pose of producing Marsoillos soap of lirat quality, 100 cwts. of olive oil yield 175 cwts. 
of mottled soap; by using mixtures of olive and rape or other seed oils, the yield of 
so.ap is rodiico(l to 170, or oven loss ; in either case the yield is reduced l)y 5 or 6 pop 
cent., ■when old or fermented is employed instead of new good oil. 

The manufacturing expenses are calculated at Marseilles at the rate of 17f. 25c. 
(nearly 13#. lOdf.) per 100 kilogrammes of fatty matter employed, which require 72 
kilogrammes of soda for their saponification. 

Mottled soap has a marbled, or streaky appearance, that is to say, it has veins of 
a bluish colour, and resembling granite in their disposition or arrangement. The 
mze and number of these veins or speckles, and the proportion which they bear to the 
white ground of the soap, depend not only on the more or loss rapid cooling of the 
so;i]> after it has been cleansed, that is, transferred from the copper to the frame ; but 
also on the quality and kind of the fatf grease, or oil employed, ami on the manner in 
which it has been treated in the copper. A soap which has not been sufficiently 
boiled at the last st«igo of the maniifaetiiro is always tender. The blue or slate colour 
of the streaks or veins of mottled soap is due to the preseueo of an alumino-ferrugi- 
nous soap interposed in the mass, and frequently also to that of sulphide of iron, 
which is produced by the reaction of the alkaline sulphides contained in the soda-lye 
upon the iron, derived from the soda-asli itself, and from the iron pans and other 
utensils employed in the manufacture, or ■wdiich is even purposely introduced in the 
state of solution of protosulphato of iron. This introduction, however, is never re- 
sorted to, wc believe, in this country. The veins or streaks disappear from the surface 
to the centre by keeping, because the irou becomes gradually peroxidised. A well- 
manufactured mottled soap cannot contain more than 33, 31, or at most 36 per cent, 
of -water, wlieroas genuine curd soap contains 45, and yellow soap at least 52 per 
cent, of water, and sometimes eonsidcrably more than that. It is evident, in effect, 
tliat the mottling being duo to the presence of sulphide of iron held iu the sUito partly 
of domi-solution and of suspension, the addition of w’ater would cause the colouring sub- 
stances to subside, and a white, uuicoloured, or ‘fitted ’ soap would bo the result. This 
addition of water, technically called is made when the object of tlio nuinufric- 

turor is to obtiiin a unicoloured soap, whether it be curd or yellow soap. Aftoryi^/ia//, 
the soap contains, therefore, an additional qiiantity of water, which sometimes amounts 
to 65 per cent. ; the interest of the consumer would, therefore, clearly be to buy 
motthid soap in j) reference to yellow or white soap; the mottling, -when not artificially 
iinitated, being a sure criterion of genuinenoss; for the addition of water, or of any 
otlier subsbince, would, as was just said, infallibly destroy the mottling. To yellow or 
curd soap, on the contrary, incredible quantities of water may bo added. The writer has 
known five pails of water (15 gallons) added to a frame (10 cwts.) of alreadyj^^/^a/ soap, 
so tliat the soap, by this treatment, contained upwards of 60 per cent, of water, to which 
common salt had previously been added. The proportion of water in fitted soap has 
also been augmented, in some instance.^, by boiling the soap in high-pressure boilers 
before cleansing. As cocoa-unt oil has the property of absorbing one-third more water, 
when made into soap, than any other material, its consumption by the soap-maker has, 
within the last twenty-five yoLirs, augmented to an extraordinary extont ; and, more- 
over, the patent taken inT857 by Messrs. Hlakcs and Maxwell, of Liverpool, for the 
invention of Mr. Kottula, which will bo described presently, lias, wc believe, in- 
creased the demand for that species of oil in a notable degree. Wo said that the 
mottling, inasmuch as it was indicative of genuineness, was the more economical soap 
to buy; unfortunately, mottled soap has tho drawback of not being so readily solublu 
c'ls yellow soap, and the goods washed with it are more difficult to rinse ; but the 
process patented by Messrs. Jllako and Maxwell enabling tlie manufacturer to manu- 
facture with cocoa-nut oil a soap to which the mottling is artillcdally impaired, by 
means of ultramarine, black or brown oxide of manganese, in such a inudect. maimer 
as almost to defy detection, mottling has thus ceased to bo a safe outward sign ot 
genuineness, as far as regards the article which it pretends to represent. That descrip- 
tion of so;ip, however, has specific qualities : it is almost perfectly neutral, and it -will 
not bear more tlian a definite proportion of water; so that, although it contains more 
of that liquid than ordinary mottled soap, more than a certain fixed qiiantity cannot 
be forced into it ; hence it also forms a standard soap, like the ordinary mottled, 
although that standard i.s different from, and inferior to, the latter. The process in 
question is briofiy as follows : — Take 80 cwta. of palm oil, made into soap in the usual 
way, witli two changes of lye, grained with strong lye, or lye in the usual manner, but 
that the lye lea-ves the curd perfectly free ; pump the spent lye away, and add 32 cwts. 
of cocoa-nut oil, 60 cwts. of lye, at 20® of Beaume’s aereometer, and then gradually 
14- cwts. of lye, at 14° Beaum6. Boil until the whole mass is well saponified. Put 
now from 6 to 7 lbs. of ultramarine in water, or weak lye, stir tho whole well, and 

voL. m. 3 1 
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poor it into the iCMip through the rose of a watering-pot ; boil the whole for about 
half an hour, or an hoar, and cleanse it in the ordinary wooden frames or in iron 
tnme» surronnded by matting, or other covering, so that the soap may not cool 
too rapidly ; the above proportions will yield 212 cwts. of soap, with a beautiful blue 
mottle. 

Mawifa/ctwn of YdUm or Resin Soap , — We have already said that resin, though 
not capable of forming a soap with soda, readily dissolves in that alkali, either in the 
caustic or in the carbonated state, with which it forms a kind of soapy mass of a 
viscid or treacly nature ; hence fat of some kind, in considerable proportion must be 
used along with the resin, the minimum being equal parts ; and then the soap is far 
from being good. As alkaline matter cannot bo neutralised by resin, it preserves its 
peculiar acrimony in a soap poor in fat, and is ready to act too powerfully upon 
woollen and all other animal fibres to which it is applied. It is said that rancid tollow 
serves to mask the strong odour of resin in soap more than any oil or other species 
of &t. From what we have just said, it is obviously needless to make the resin used 
for yellow soaps pass through all the stages of the saponifying process ; nor would 
this indeed be proper, as a portion of the rosin would be carried away, and wasted 
with the spent lyes. The best mode of proceeding, therefore, is first of all to make 
the hard soap in the usual manner, and at the last service or charge of lye, namely, 
when this ceases to be absorbed, and preserves in the boiling-pan its entire causticity, 
to add the proportion of resin intended for the soap. In order to facilitate the 
solution of the resin in the soap, it should be reduced to coarse pow^der, and well incor- 
porated by stirring with the rake. The proportion of resin is usually from one-third 
to one-fourth the weight of the tallow. The boil must bo kept up for some time 
with an excess of caustic lye ; and when the paste is found, on cooling a sample of it 
to acquire a solid consistency, and when diffused in a little water, not to leave a 
resinous varnish on tlio skin, we may consider the soap to bo finished. The maker 
next proceeds to dniw off the superfluous lyes, and lo purify the paste. For this 
purpose, a quantity of lyes at 80° B. being poured in, the mass is heated, worked well 
with a rake, then allowed to settle, and drained of its lyes. A second service of lyes 
at 4° B., is now introduced, and finally one at 2°; after etich of which there is tlio 
usual Jigitation and period of repose. The pan being now skimmed, and the scum or 
fob removed for another operation, the soap is laded off by hand-pails into its frame- 
moulds. A little palm oil is occasionally employed in the manufacture of j’cllow sojip, 
in order to correct tlie flavour of the resin and brighten the colour. This soap, when 
well made, ought to bo of a fine wax-yellow hue, be transparent upon the edges of 
the bars, dissolve readily in water, and afford, even with hard pump-water, an 
excellent lather. 

The frame-moulds for hard soap are composed of strong w'ooden bars, made into the 
form of a parallelogram, which are piled over each other, and bound together by 
screwed iron rods that pass through them. A square well is thus formed, which in 
large soap-factories is sometimes 10 feet deep, and capable of conttiining a couple of 
tons of soap. For plain yellow or curd soaps, iron frames are now used instead of 
wooden ones, in almost every factory. 

Mr. Sheri^n some time since obtained a patent for combining silicate of soda witli 
hard soap, by triturating them together in the hot and pasty state with a crutch in an 
iron pan. In this way from 10 to 30 per cent, of the silicate may be introduced. 
Such soap possesses very powerful detergent qualities, but it is apt to feci hard and be 
somewhat gritty in use. The silicated soda is prepared by boiling ground flints in a 
fitrong caustic lye, till the specific gravity of the compound rises to nearly double the 
density of water. It then contains about 35 grains of silic^i, and 46 of soda-hydrate, 
in 100 mins.' 

Hard soap, after remaining two days in the frames, is at first divided horizontally 
into parallel tablets 3 or 4 inches tliick, by a brass-wire ; and tliese tablets are again 
out v^ioally into an oblong nearly square bars, called * wedges * in Scotland. 

The soap-pans used in Uie United Kingdom are made of cast iron, and in three 
sqjarate pieces joined together by iron-rust cement. The following is their general 
form:^Ae two upper frusta of cones are Ciilled curbs ; the third, or undermost, is 
the pan to which alwe the heat is applied, and which, if it gets cracked in the course 
of boiling, may easily be lifted up within the conical pieces, by attaching chains or 
colds tor raising it, without disturbing the masonry in which tlie curbs are firmly sot. 
The sutoee the hemispherical pan at the bottom, is in general about one-tenth part 
of the snetooi of conical sides. 

Tim udttto oidinaxy tallow soap of the London manufiictureis, called curd soap, 
‘ Sy ttit Sw n .i ip ilta Mi ite^apen the fiqnid siUcate made at Hr. aibbi*8 excellent soap factory. 
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consists, by the writer’s experiments, of fat, 52 ; soda, 6 ; water, 12 » 100, Nine-tenths 
of the fat, at least, is tallow. 

With respect to the manufacture of sulphated soap, the process is as follows : — 

To every ton of soap made in the usual way and ready to bo cleansed and crys- 
tallised, add sulphate of soda (Glauber’s salt) in the proportion of about 1 cwt. or more, 
according to the quality of the goods employed. The Glauber’s salt should first be 
dissolved by turning steam into it, or in a steam-pin, in its own water of crystal- 
lisation ; it is then added to the finished soap, and the whole must be crutched until 
the mass has become so. stiff that it cannot be crutched any longer. In the evidence 
before the Privy Council, in the month of July 1855, this process was found by their 
Lordships of such public value that the patent right was extended for throe years. 

This process, however, has been superseded by another which Dr. Normandy 
patented in the month of August 1855. In effect it had been found that whereas 
sulphate of soda is more soluble in lukewarm than in either cold or boiling water, the 
temperature of the weather in summer time interfered with or altogether prevented 
the formation of the crystals, and that as the crystals of this salt contain ten equi- 
valents of water, tlio maker of sulphated soap was put to the trouble and expense of 
the carriage of this, to him useless, water of crystallisation. 

Soft Soap. — The manufiicture of soft soap differs greatly from that of hard soap ; as, 
in this case, nothing is separated from the mixture in the boiler; and the alkali 
employed is potash, and not so(hi. The mode of obtaining a caustic lye of potash is 
exactly the same as with soda, except tlnat the weak lyes are used in place of water 
for a subsequent operation, and not pumped up into tlie boiler. The materials 
employed as fats are mixtures of the vegetable and animal oils, as rape, and the fish 
oil called ‘ Southern.’ b'or the best kinds of soft soap, a little tallow is added to 
these, whicli produces a peculiar kind of mottling or ciystallisation in tlie soap, that 
confers additional value upon it. Those oils or fats are merely boiled with the strong 
caustic potasli-lye, until thorough combination has taken place, and so much of the 
water of the lye is evaporated that, when a portion of tlie soap is poured upon a cold 
slab and allowed to rest for a few minutes, it assumes the consistency of soft butter. 
As soon as this happens, tlie whole is run out into little c^isks, where it cools ; it is 
thus sent into the imirket. Of course no atomic arrangement can bo tr?iced in so 
variable a compound; and hence its analysis presents no point of interest. The 
employment of soft soap is daily becoming more and more limited. 

The principal difference between soaps with base of soda, and soaps with base 
of potash, depends upon their mode of combination with water. The former absorb 
a large quantity of it, and become solid ; they are chemical hydrates. The others 
experience a much feebler cohesive attraction ; but they retain much more water in a 
state of mere mixture. 

Three parts of fat afford, in general, fully five parts of soda-soap, well dried in the 
■open air ; but three parts of fat or oil will afford from six to seven parts of potash- 
soap of moderate consistency. This feebler cohesive force renders it apt to deliquesce, 
especially if there be a small excess of the alkali. It is therefore impossible to 
separate it from the lyes ; and the w'ashing or Telargage, practised on the hard-soap 
process is inadmissible in the soft. Perhaps, however, this concentration or abstrac- 
tion of water might be effected by using dense lyes of muriate of potash. Those of 
chloride or sulphide of sodium change the potash into a soda-soap, by doulde decompo- 
sition. From its su^rior solubility, more alkaline reaction, and lower price, 
potash-soap is preferred for many purposes, and especially for scouring woollen yarns 
and stuffs. 

Soft soaps are usually made in this country with whale, seal, olive, and linseed oils, 
and a certain quantity of tallow ; on the Continent, with the oils of hempseed, sesame, 
raposood, linseed, poppy-seed, and colza; or with mixtures of several of these oils. 
When tallow is added, as in Great Britain, the object is to produce white and some- 
what solid grains of stearic soap in the transparent mass, Killed figging^ because the 
soap then resembles the granular texture of the fig. 

The potash-lyes should be made perfectly caustic, and of at least two different 
strengths ; the weakest being of sp. gr. 1*05 ; and the strongest, 1*20, or even 1’26. 
lieing made from the potashes of commerce, which contain seldom more than 60 per 
cent., and often less, of real alkali, the lyes correspond in specific gravity to double 
their alkaline strength ; that is to say, a solution of pure potash of the same density 
would be fully twice as strong. The following is the process followed by respectabld 
manufacturers of soft soap {savon vert, being naturally or artificially green) upon the 
Continent. 

A portion of the oil being poured into the pan, and heated to nearly the boiling point 
of water, a certain quantity of the weaker lye is introduced ; the fire being up 
so as to bring the mixture to a boiling state. Then some more oil and lye are added 
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sltenatdy, till the whole quantity of -oil destined for the pan is introduced. The 
ebullition is kept up in the gentlest manner possible, and some stronger lye is oc- 
casionally added, till the workman judges the saponification to bo perfect. Tlio 
boiling becomes progressively less tumultuous, the frothy mass subsides, the paste grows 
transparent, and it gradually thickens. The operation is considered to bo finislied 
when the paste ceases to affect the tongue with an acrid pungency, when all milkiness 
and opacity disappear, and when a little of the soap placed to cool upon a glass-plate 
assumes the pro^r consistency. 

A peculiar phenomenon may be remarked in the cooling, which affords a good 
■criterion of the quality of the soap. When there is formed around the little patch an 
opaque zone, a fraction of an inch broad, this is supposed to indicate complete saponifi- 
cation, and is called the strength ; when it is absent, the soap is said to want its strength. 
When this zone soon vanishes after being distinctly seen, the soap is said to h{ive./a/.sc 
strength. When it occurs in the best form the soap is perfect, and may be secured in 
that state by removing the fire, and then adding some good soap of a previous round 
to cool it down, and prevent further change by evaporation. 

200 lbs. of oil require for their saponification, 72 lbs. of American potash of 
moderate quality, in lyes at 16° B. ; and the product is 460 lbs. of well-boiled soap. 

If hempseed oil has not been employed, the soap will have a yellow colour, instead 
of the green, so much in request on the Continent This tint is then given by the 
addition of a little indigo. This dye-stuff is reduced to fine powder, and boiled for 
some hours in a considerable quantity of water, till the stick with which tho water is 
stirred presents, on withdrawing it, a gilded pellicle over its whole surface. The indigo 
paste diffused through the liquid, is now ready to be incorporated with the soap in the 
pan before it stiffens by cooling. 

Estimation of the quantity of water in soap: — Take about 1,000 grains of tho soap 
under examination, cut into small and thin slices, not only from the outside, which is 
always drier, but from the interior of the sample, so that the whole may represent a fair 
average; mix the mass well together, and of this weigh accurately 100 grains; place 
it in an oven heated to a temperature of 212° Fahr., until it is quite dry, weighing it 
occasionally until no loss or diminution of weight is observed, the difference between 
tho original and the last weight, the loss, indicates, of course, the proportion of water. 
The loss of water in mottled soap and in soft soap should not bo more than 30 to 35 
per cent. ; in white or yellow soap from 36 to at most 50 per cent. 

If the soap is sulphated, the amount of sulphate employed may be determined by 
taking 200 ^ains of the sample, dissolving it in a capsule with boiling water, adding 
to the boiling solution as ranch hydrochloric acid as is necessary to render the liquid 
strongly acid, and therefore to decompose the soap entirely throwing the ■whole in a 
filter previously wetted vith water, adding to tho filtrate an excess of chloride of 
barium, washing thoroughly the w’hite preeipitiitc so produced, igniting and weighing 
it; aveiy grain of sulphate of baryta thus obUiined represents 1'467 grain of crys- 
tallised sulphate of soda. 

If the soap contains clay, chalk, silica, dextrine, faecula, pumice-stone, ochre, plaster, 
salt, gelatine, &c., dissolve 100 ^ains of the suspected soap in alcohol, ■with the help 
of a gentle heat; the alcohol ■w’ill dissolve the soup and leave all these impurities in 
an insoluble state. Good mottled soap should not leave more than 1 per cent, of 
insoluble matter, and white or yellow soap still less. All soap to which earthy or 
siliceous matter has been added is optique instead of transparent at the edges, as is the 
case with all genuine or fitted and sulphated soap. Tho drier tho soap, the more 
transparent it is. 

Bone-soap, or glue-soap, is recognised by its unpleasant odour of glue and its dark 
colour, its Tvant of transparency at the edges ; that made with tho fat of the intestines 
of animals has a disgusting odour of faeces. 

When unoombined silica has been added to soap, its presence may bo readily 
detected by dissolving the suspected soap in alcohol, as before, when the silica will be 
left in an insoluble state ; but if the silica is in the state of silicate of soda or of 
potash, it is neoess^ to proceed as follows Dissolve a given weight of tho 
suspected soap in boiling ivater, and decompose it by tho padual addition of moderately 
dilute l^drocnlorie add, until the liquor is strongly acid ; boil the ■u hole for one or 
two minutes lonm and allow it to cool in order that the fatty acids having separated 
and become hard, may be removed. Evaporate the acid liquor to perfect dryness, and 
the perfbotty dry mass treated with boiling water will leave an insoluble residue 
whiw may be identifled as silica by its ^ttiness, which is recognised by rubbing it in 
the capsule with a glass rod. This white residue should then be collected on a filter, 
washed, dried, igni^, and weighed. 

TIm fttt^Kmtiou of aUcali (potash or soda) may be easily determined by an alkali* 
iuetrio4 assay as foUoirs 
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Take 100 grains of the soap under examination, and dissolve them in about 2,000 
grains of boiling water; should any insoluble matter be loft, decant carefully the 
siiporincunibcnt solution and test it with dilute sulphuric acid of the proper strength, 
exactly as descril)ed in the article Alkalimetky. 

The proportion of alkali contained in soap may also be ascertained by incinerating 
a given weight of soap in an iron Or platinum spoon, crucible, or capsule, treating the 
residue with w'ater, filtering and submitting the filtrate to an alkalimetrictil assay. 
This method, how'ovor, cannot be resorted to when the soap contains sulphates of alkalis, 
l)Dcauso tlio ignition would convert such salts, or a portion tliereof, into carbonates of 
alkali, which by saturating a portion of the test-sulphuric acid would give an inac- 
curate result. 

The proportion of oil or fat in soup is ascertained by adding 100 grains of pure 
white Avax free from water to the soap-solution, after suporsatiiration with an acid, 
and heating the whole until the wax has become perfectly liquid, and has become 
perfectly incorporated with the oil or fat which has separated by the treatment with 
an acid. The whole is then allowed to cool, and the waxy cake obhiined is removed, 
heated in a w'eiglicd crucible or Ciipsulo to a temperature of about 220° Falir. in 
order to expel all the -water, after which the whole is weighed ; the increase above 
100 grains (the original weight of the wax) indicates, of course, the quantity of grease, 
fat, or oil contained in the soap. This addition of wax is necessary only when the 
fatty matter of the soap is too liquid to solidify well in cooling. Good soap ordinarily 
contfiins from 6 to 8 per cent, of soda ; from 60 to 70 percent, of fatty acids and resin, 
and from 30 to 35 per cent, of water. 

The nature of the fat of which a given sample of soap has been made is more 
difficult to detect, yet by saturating the aqueous solution of th(i mass under examina- 
tion with ail acid, collecting the fatty acids which then float on the surface, and 
observing their point of fusion, the operator at any rate will thus be enabled to 
ascertain whether the soap under examination is identical with the sample from which 
it may have been purchased, and whether it was made from tallow, or from oil, &c*. 

cwis. value 

Our Soap Exports were in 1873 183,750 £243,047 

„ „ 1874 219,284 277,207 

SOikPoBAllXt A few years since a peculiar bark was introduced into tho 
European trade, and recommended to bo employed instead of soap for washing and 
cleaning printed goods, woollens, and silks, and especially for tho delicate colours of 
ladies’ dresses, &c. This soap-bark is externally black, but internally the liber 
consists of layers of yellowish-white. The bark is remarkable for its density, as it 
sinks in water. Tho cause of this is the great quantity of mineral substances in its 
ashes, there being 13’935 per cent, of tho internal parts, dried at low temperature 
and 18*50 per cent, when dried at 100° C. Tho ashes consist largely of carbonate 
of lime, which forms 2 60 per cent, of the 13*035, and appears as small crystalline 
needles, isolated oi* in groups, in tho cells of the liber, not only between its concentric 
rings but in every part of it. They glitter in the sun, resembling under tho microscope, 
the aragonite form of the crystallised carbonate of lime. 

The soap-wort \^Saponaria officinale) sometimes used for scouring and cleaning 
dresses. Several of this family of caryophyllaceous plants [Lianthus^ Lychnis^ 
GypfiophUa, Silcnc) are remarkable for this property in a greater or less degree. Ey 
cliemical means there has been extracted from these roots tJie Sapomne (or Stmthime^ 
a special substance, and to this, notwithstanding the very small quantity contained in 
the roots, the singular power is attributed of making emulsions, and of being used for 
soap in washing. Tho soap- wort of the Levant ( Gypsophila) is, to this day, employed 
in the E;ist for washing and cleaning silks and shawls. It is generally used in the 
Mediterranean districts of France and Spain ; tho Frencli willed it herbe aux foulons 
(the fuller’s plant). The Saponaire^ or Savoniere of the French, is tho root of a kind of 
Lychnib. Saponine was found by Henry and Boutron Charland in the bark of the 
QuUlaja saponaria, a tree of the family of rosaceous plants, and a native of Huanaco, 
in Peru. Ferdinand Leboeuf made mention of this bark in 1850 for its richness 
in saponine, and recommended it for pharmaceutical use in preparing emulsions of 
oils, resins, balsams, and several other medicaments. He mentions likewise the bark 
of the Yallhoy (Monnina polystachya) as containing saponine. The fruits of Sapindua 
eaponaria, known as ‘ soap-berries,’ are used in America and the West Indies for 
washing linen. 

BOAPBTOBTXa See Steatite, 

SODA. NaO (ITa^O). This is tho oxide of the metal sodium, and can only be 
obtained in the free state by tlie combustion of the metal itself in dry air or ojtygen 
gas. Another oxide appears to exist, but the composition is uncertain, and it is of Uji 
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commercial Talue. Soda (oxide of sodium), thus prepared, is a white solid, which 
absorbs moiirt^nre rapidly, the whole of which cannot be again removed by heat alone, the 
hydrate NaO.HO (WaKO) remaining. This hydrate of soda, which is largely used in 
the manufacture of soap, is not prepared from the anhydrous oxide, but by removing 
the carbonic acid from carbonate of soda by the means of hydrate of lime. When 
the soda is required in the solid state, the carbonate of lime thus formed is allowed 
to settle, the clear supernatant liquid is poured off and evaporated to dryness, fused in 
a silver vessel, and cast into sticks. 

The following is a table of the quantities of real soda (NaO) in the solutions of dif- 
ferent specific gravities . — By Bickter. 


Spec. 

Soda 

Spec. 

Soda 

Spec. 

Soda 

Spec. 

Soda 

grav. 

per cent. 

grav. 

per cent. 

grav. 

per cent. 

grav. 

per coat. 

1-00 

0 00 

1-12 

IMO 

1*22 

20*66 

1-32 

29-96 

102 

2*07 

M4 

12-81 

1*24 

22*58 

1-34 

31-67 

104 

402 

MG 

14*73 

1*26 

24-47 

1*35 

32-40 

1*06 I 

5-89 ! 

M8 

16*73 

1-28 

26-33 

1-36 

33*08 

1*08 

7-69 ! 

1*20 

18*71 

1*30 

28*16 

1-38 

34-41 

1-00 

0*43 1 

1 







BOBAp-AXiirM. See Alum. 

BOBA, 8ZBOBATB OF. See Bobacic Acid, and Borax 

BOBA, BZBVBFXATB. Ba0.H0.2S03 (BaBBO^). This is obtained in the 
same manner as bisulphate of potash, vith which it corresponds. 

BOB A, CAJtBOlTATS OF {Kohlcnsatires Natron, Gor.), is the ‘ soda ’ of commerce 
in various states, either crystallised, in lumps, or in a crude powder called ‘ soda-asb.’ 
It exists in small quantities in certain mineral waters ; as, for example, in those of 
Seltzer, Seydschutz, Carlsbad, and the volcanic springs of Iceland, especially the 
Gej’ser; it frequently occurs as an efflorescence in slender needles upon damp walls, 
being produced by the action of the lime upon the sea-salt present in the mortar. The 
mineral soda is the sesquicarbonate, to be afterwards described. 

Of manufactured soda, the variety most ancientlj^ known is harillat the incinerated 
ash of the Salsola soda. This plant is cultivated with great Ciire by the Spaniards, 
especially in the vicinity of Alicant. The seed is sown in light low soils, whicli are 
embank^ towards the sea -shore, and furnished with sluices, for admitting an occasional 
overflow of salt water. When the plants are ripe, the crop is cut down and dried ; the 
seeds are rubbed out and preserved ; the rest of the plant is burnt in rude furnaces, at 
a temperature just sufficient to cause the ashes to enter into a state of semi-fusion, so as 
to concrete on cooling into cellular masses comparatively compact. The most valuable 
variety of this article is called sweci barilla. It has a greyish-blue colour, and becomes 
covert with a saline efflorescence when exposed for some time to the air. It is hard 
and difficult to break; when applied to the tongue, it excites a pungent alkaline taste. 

Another method of manufacturing cnule soda, is by burning sca-wcod into kelp. 
Formerly, very large revenues were derived by the proprietors of the shores of tlie 
Scottish islands and Highlands, from the incineration of sea-weeds by their tenants, 
who usually paid their rents in kelp; but since the tax has been ttiken off salt, and 
the manufacture of a crude soda from it has boon generally established, the price of 
kelp has fallen low, its principal use being now to obtain iodine. See Barilla, Iodink, 
Eblp. 

The czyitals of soda carbonate, as well as the soda-ash of British commerce are 
now made altogether by the decomposition of sea-salt. 

Soda-memt^acture, The manufacture divides itself into three branches: — 1. The 
oonverskm of sea«salt, or common salt (chloride of sodium), into sulphate of soda. 
3, The deoomposttioa of this sulphate into crude soda, called black balls by the work- 
men. 3. The purification of these balls, either into a dry white soda-ash or into 
crystals. 

BttpotxUots of of Soda. The decomposition of common salt is effected 

by su^iu^acid in furnaces of which fig. 1855 is a section, a, the smaller of the 
,t#o cotapartments which compose the fhmace, is of cast iron ; into this {the decomposer) 
t!rom ilTe to Mx hundred weight of common salt are introduced, and an equal weight 
of snlphiude adid, of specific gravity 1*6, is gradually mixed with it ; a gentle heat 
^beili^ lulled to the outside, enormous volumes of hyd^hloric acid gas are disengaged, 
and pass^^ by the fine, to the condensing towers, £ and f; these towers are flll^ 
iHth Imgsieats cf broken coke or stone, over which a continuous stream of water is 
Wta*l til trkkto dawty fbn A i. A ates^ ciumt of air is drawn tkxragli the 
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furnace and condensing towers, by connecting the first tower with the second, as re- 
presented at and the second tower with the main chimney, k, of the works. In 
the first bed of the furnace, about half of the common salt is decomposed, leaving a 



mixture of bisulphate of soda and common salt, which requires a greater heat for the 
expulsion of this latter portion of hydrochloric acid ; for this purpose it is pushed 
through a door into the roaster ^ or second dirision, n, of the furnace. 

The reaction in the first bed of the furnace is represented as follows : — 

2Naa + 2HO.SO’ = NaO.SO*. HO.SO* + HCl + NaCl. 

Common salt. Sulphuric acid. Bi.snlphatc of Hydrochloric Common salt. 

soda. acid. 

2iraci -f B2 = 80* == BaHSO^ BCl + ITaCl 


By the higher temperature ohUined in the second part of tlio furnace, the bisul- 
phato of potash reacts on tho iipdeeomposcd chloride of sodium, yielding neutral 
sulphate of soda and a fresh quantity of hydrochloric acid. 


NaO.SO^ HO.SO* + NaCl 
Bisnlph.atc of soda. Common salt. 


iraBSO* + XfaCl 


2(NaO.SO‘) 

Sulphate of 
soda. 


+ HCl. 

Hydrochloric 

acid. 

+ KCl 


The hydrochloric acid gas, as it is liberated from n, passes off through tho flue, d, 
and is carried on to the condensing towers. Heat is applied to the outside of the 
roaster, ii ; the smoke, c, circulating in separate flues around tho chamber, in the direc- 
tion indicated by the arrows, but never coming iuto cont;ict witli the salt-cake in n. 

The process used at present in the Tyne district differs but little from that above 
described, with tho exception that in the decomposition of the mixture of bisulphate 
of soda and common salt, in tlio second portion of tho furnace, the smoke and pro- 
ducts of combustion from tho fire, are allo’wed to come in contact with tlio materials, 
and the hydrochloric acid which is then given off is carried into condensing towers 
filled with bricks over which water is continually slowdy running, and tho dilute 
hydrochloric acid, thus obtained, is used for the liberation of carbonic acid in the 
manufacture of bicarbonate of soda. Tho first part of the furnace is a circular metal 
pan, and the hydrochloric acid from thi.s, being unmixed with smoke, &c., is condensed 
apart from the other. 

The next step in tho manufacture is the decomposition of the sulphate of soda into 
sulphide of sodium, and its subsequent conversion into carbonate of soda. This is 
effected in the following manner ; — The dry sulphate of st)da, obtained by tho process 
above described, is mixed with small coal and chalk, or limestone, in about fol- 
lowing proportions : sulphate of soda 3 parts, chalk 3^ parts, and coal 2 parts. It 
is necessary that these materials should bo first separately ground, and sifted into a 
tolerably fine powder, and then carefully mixed, as a great deal depends on the atten- 
tion to these points. The mixture is then subjected to heat in a reverbeiatoirfumaoe. 
Jigs. 1856, 1857, 1858. * 

In tho section Jig. 1867, there are two hearths in one furnace, the one elevated abovn 
tile level of the other by the thickucss of a brick, or about three inchea. a is tha 
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preparatory shelf, ^rhere the mixture to ho decomposed is first laid in order to he 
thoroughly heated, so that when transferred to the lower or decomposing hearth, b, 

it may not essentially chill it, and 
throw back tlie opc'ratioii. c the 
fire-bridge, and d is the grate. In 
the horizontal section, or ground 
plan, fig. 1858, we see an opening 
in the front corresponding to oaeli 
hearth. Tijore is a door, as shown 
in the side view or elevation of the 
furnace, fig. 1856 ; and each door 
is shut by an square iron frame 
filled with a fire-tile or bricks, and 
suspended hy a chain f>ver a pulley 
fixed ill any convenient place. ('800 
CoivK.) Tile workman, on pushing 
up the door lightly, makes it 
rise, because thero is a countxir- 
weight at the other cud of each 
chain, which balances the weight 
of the frame and bricks. In 
1858 the ground plan, only one smokc- 

fiuo is shown; and this construc- 
tion is preferred hy many manu- 
facturers ; hut others choose to ha ve 
two flues, one from each shoulder, 
as at c, h ; which two flues ^ aftcr- 
w’ards unite in one vertical chimney, 
from 25 to 40 feet high ; hecaitso 
the draught of a soda furnace must 
he very sliarp. Having sufficiently 
explained the construction of this improved furnace, we shall now' proceed to describe 
the mode of making soda with it. 

The quantity of the mixture required for a charge depemds, of course, on tlie size 
of the furnace. This charge must be shovelled in upon the liwirth, A. or shelf of pre- 
paration i^fig. 1857); and whenever it has become hot (tlie furnace linving lieeii 
roviously brought to bright ignition), it is to be trails fcri’(>d to tlie decomposing 
earth or laboratory, 11, hy an iron tool, shaped exactly like an oar, called ihc 

r eader. This tool hfis the flattened part froiin 2 to 3 foct long, and llu' round jiart, 
laying hold of and working by, from 6 to 7 fnd long. Two other lords are used : 
one, a rake, bent down with a garden hoe at the end ; and another, a small shoved, 
consisting of a long iron rod terminated like a piece of iron plate, about 0 inches long, 
4 broad, sharpened and tipped w'ith steel, for cleaning the bottom of the hearth from 
adhering cakes or crusts. Whenever the charge is shoved hy the sliding motion of 
the oar down upon the working heartli, a fresh charge should he throw’ii into the 
preparation shelf, and evenly spread over its surflice. 

The hot and partially-carbonised charge being also evenly spread upon the hearth, 
B, is to be left untouched for about ten minutes, during w'hich time it become.s ignited, 
and begins to fuse upon the surface. A view' may he taken of it througli a poep-lioJo 
in the door, which should be shut immediately, in order to prevent the reduction of 
the temperature. When the mass is seen to be in a state of inciytient fusion, the 
workman takes the oar and turns it over breadth hy breadth in regular layers, 
till he has reversed the position of the whole mass, placing on the surface thci particles 
which were formerly in contact with the hearth. Having done this, he immediately 
shuts the door, and lets the whole get another decomposing heat. After five or six 
minutes, jets of flame begin to issue from various paits of the paBty-consi.stenced 
mass. Now is the time to incorporate the materials togetlicr, turning and sprojidi ng 
■by the oar, gathering them together by the rake, and then distributing them on the 
reveise part of the heartli ; 3iat is, the oar should transfer to the part next the 
fire-biidge the portion of the mass lying next the shelf, and vice versd. The dex- 
terous mana^ment of this transposition characterises a good soda-fiirnacor. A little 
pracdoe Slid instruction “will render this operation easy to a robust clever workman. 
After tlfls trsiispositioii, incorporation, and spreading, the door may be shut again for 
^ few to raise the heat for the finishing off. Lastly, the rake must ho dex- 

terously employed to mix, shift, spread, and incorporate. The jets, called candlcSt 
#re immeroaSt luid bright at first; and whenever they begin to fade, the mass 
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must be raked out into cast-iron moulds, placed under the door of the laboratory t6 
receive the ignited paste. 

One batch being thus worked off, the other, which has laid undisturbed on the 
shelf, is to be shoved down from A to b, and spread equally upon it, in order to be 
treated as above described. A third batch is then to be placed on the shelf. 

The product thus obtained is called ‘ black balls,’ which, of coarse, vary in their 
composition. The following is the composition, according to Richardson, of the 
Newcastle * black balls,’ from the balling furnaces : — 

Carbonate of soda 9*89, hydrate of soda 25*64, sulphide of calcium 35'57, carbonate 
of lime 15’67, sulphate of soda 3*64, chloride of sodium 0’6t), sulphide of iron 1‘22, 
silicate of magnesia 0*88, carbon 4*28, sand 0*44, and water 2*17 = 100. 

The pnncipal changes which take place in this process may be represented by the 
following equations; — 


NaO.SO* 

+ 

4C 

NaS 

+ 

4CO 

Sulphate 
of sodti. 


Carbon. 

Sulphide of 
Budium. 


Carbonic 

oxide. 

(ira^so^ 

+ 

2C2 


+ 

4CO). 

NaS 

+ 

CaO.CO- = 

NaO.CO= 

+ 

CaS 

Sulj)hide of 
sodiimi. 


Chalk. 

Carbonate 
of soda. 


Snlpludo of 
calcium. 

{Vb?B 


CaCO^ =r 

ira^co^ 

+ 

CaS). 


In the first place, the sulphate of soda is deoxidised by the coal, with the formation of 
sulphide of sodium and carbonic oxide, which latter takes fire and forms the ‘ candles,’ 
al.)ove mentioned ; in the next place, the sulphide of sodium and carbonate of lime 
(chalk) decompose each other, forming carbonate of soda and sulphide of calcium; 
and from the fact of some of the chalk being converted into caustic lime by the heat 
of the furnace, there is also formed by it some caustic soda ; the sulphide of cal- 
cium itself is only sparingly soluble in water, Imt is rendered still less so by the excess 
of lime which is present, forming with it an oxysulphide, which is much less soluble 
than the sulphide of calcium alone. 

Tills hlack hall^ or hall alkali^ is then treated with warm water to extract the soluble 
matters. This is elfectt'd in the district of Newcustle-on-Tyno in vessels, 8 or 10 feet 
square and 5 or 6 feet deep, furnished with false bottoms ; the first Avaters are strong 
enough for boiling down, for getting ‘yellow salt,’ as it is termed ; the after- washings, 
which are U'caker, are used for fresh quantities of ‘ ball alkali,’ Care must be taken 
not to use the water too hot, as the oxysulphide of calcium would he decomposed, and 
the liquor thus take up much sulphide of calcium. 



An apparatus used in some places for lixiviating the black ball is shown in the 
accompanying drawing, fig, 1859. Its object is to extract the largest quantity of 
soluble matter with the smallest quantity of water. The hlack ball is placed in pen* 
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isiitoA »he«i-]Von Teasels, h h, which can be raised or lowered into outer lixiviating 
vessels, also made of iron, by means of the cords and pulleys, i, k. When a chaise is 
received from the furnace, it is introduced into the lowest vessels, o, where it is sub- 
nutted to the dissolving action of a liquid already highly charged with alkali from 
digestion upon the bla^ aiEdL contained in the tanks above it ; after a certoin time, 
this diaijge is raised by the rope from o into the tank f, where it is submitted to a 
weaker Imaid, and so on, successively. The alkali at each stage becomes more com- 
pletely euausted, and the residue is successively submitted to the action of weaker 
lye, till at length, in a, it is acted on by water only, supplied from the cistern, x. 
When fresh water is admitted from m, to the top of the vessel, a, as it is specifically 
lightw than the saline solution, it lies upon its surface, and gradually displaces the 
solution from a, through the bent tube, whilst the water takes its place ; the liquid 
thus displaced from it, acts in like manner upon that contained in b ; and this dis- 
placement proceeds simultaneously through each successive tier of the arrangement, 
until the concentrated lye flows off from g, and is transferred to the evaporating pans. 
The residue which remains after this treatment contains nearly all the sulphur present 
in the ball alkali, in the form of oxysulphide of calcium, together with the other in- 
soluble portions, and is of no value ; it accumulates to an immense extent in largo 
soda works, and is thus a source of annoyance. Many trials have been made to 
obtain the sulphur contained in it, and to use it for the reproduction of sulphuric acid, 
but without much success hitherto. 

The solution obtained by thus lixiviating the ball soda, contains principally car- 
bonate of soda and hydrate of soda, as well as some sulphide and chloride of sodium, 
and a little sulphate of soda. It is allowed to settle ; then the clear liquor is dra wn 
off into evaporating vessels. These rnaj* be of two kinds. The surface-evaporating 
furnace, shown in fig. 1860, is a verj- admirable invention for economising vessels, 
time, and fuel. The grate A, and fire-place, are separated from the evaporating labo- 
ratory D, by a double fire-bridge b, c, having an interstitial space in the middle, to 
arrest the cemmunication of a melting or igniting heat towards the load-lined 
cistern b. This cistern may be 8, 10, or 20 feet long, according to the magnitude 
of the soda-work, and 4 feet or more wide. Its depth should bo about 4 feet. It 
consists of sheet lead, of about 6 pounds weight to the square foot, and it is lii»ed with 
one layer of bricks, set in Roman or hydraulic cement, botli along the bottom and up 
the sides and ends. The lead comes up to the top of c, and the liquor, or lye, may be 
filled in to nearly that height. Things being thus arranged, a fire is kindled upon the 

grate a ; the flame and hot air 
sweep along the surface of the 
liquor, raise its temperature there 
rapidly to the boiling point, and 
carry off the watery ])arts in vapour 
up t he chimney e, which should bo 
15 or 20 feet high, to command a 
good draught. But, indeed, it will 
be most economical to build one 
high capacious chimney stfick, as is 
now done at Glasgow, Manchester, 
and Newcastle, and to lead the 
flues of the several furnaces above described into it. In this evaporating furnace 
the heavier and stronger lye goes to the bottom, as well as the impurities, where 
they remain undisturbed. AVhenever the liquor has attained to the density of 1*3, 
or thereby, it is pumped up into evaporating cast-iron pans, of a flattened some- 
what hemispherical shape, and evaporated to dryness while being diligently stirred 
with an iron rake and iron scraper. 

This alkali gets partially carbonated by the above surfivee-evaporating furnace. 

"When pure carbraate is wanted, that dry mass must be mixed with its own bulk of 
groniid coal, sawdust or charcoal, and thrown into a reverberatory furnace, like fig. 
18fi7> but with the sole all upon one level. Hero it must be exposed to a heat not 
exeeedioj; 650® or 700® F. ; that is, a little a^ve the melting heat of lead ; the only 
o^ect be^ to volatilise the sulphur present in the mass, and carbonate the alkali. 
Now, it W been found, that if the heat be raised to distinct redness, the sulphur will 
not ^ off, hrtt will continue in intimate union with the soda. This process is called 
ooU^, ind the fnmace is called a calktr ftimaxse. It may be 6 or 8 feet long, and 
4 or 6 fisst broad in the hearth, and quires qply one door in its side, with a hanging 
iron frame filled with a fire-tile or bricks, as above described. 

; Tins carhonatiiig process may be performed upon several cwts. of the impure soda, 
J mixa d widi aairdust, at a time. It takes throe or four hours to finish the desulphur- 
fifitat; lad lla fiiVlMy tuned over by the oar and the rake, in order to tmrn 
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the coal into carbonic acid, and to present the carbonic acid to tiio particles of caustic 
soda diffused through the mass, so that it may combine with them. 

When the blue flames cease, and the saline matters become white, in the midst of 
the coaly matter, the batch may be considered as completed. It is raked out, and 
when cooled, lixiviated in great iron cisterns with false bottoms, covered with mats. 
The watery solution being drawn off clear by a plug-hole, is evaporated cither to 
dryness, in hemispherical cast-iron pans, as above described, or’only to such a stren^h 
that it shows a pellicle upon its surface, when it may he run off into crysbillismg 
cisterns of cast-iron or lead-lined wooden cisterns. The above dry carbonate is the 
best article for the glass manufacture. 

Instead of this last process of roasting with sawdust, Gossage decomposes the 
sulphide of sodium present in the lye obtained from the ball soda, by means of the 
hydrated oxide of some metal, as of lead, thus forming sulphide of lead, and hydrate 
of soda ; this is then converted into carbonate by passing a stream of carbonic acid 
through it. The precipitated sulphide of lead is decomposed by hydrochloric Jicid, 
thus generating sulphuretted hydrogen, which is burnt and converted into sulphuric 
acid ; the lead is then converted again into hydrated oxide by means of lime. This 
process saves the trouble, time, and fuel used in evaporating to dryness twice as in 
the ordinary process. 

Various attempts have been made to obtain processes which shall supersede the pro- 
cess above described, of manufacturing carbonate of soda from common salt. 

Sulpliate of iron, being a cheap article, has been heated with common salt, in- 
stead of using sulphuric acid ; sulphate of soda is formed, and the chloride of iron, 
being volatile, passes away. By roasting iron or copper pyrites directly with 
chloride of sodium, sulphate of .^Joda has been obtained, and it has been found possible 
l)y this means also to extract the metal from ores of copper or tin with advantage, 
wliieli are otherwise too poor to work. Mr. Tilghman effects the decomposition of 
chloride of sodium bj^ steam at a high temperature, in the presence of alumina. 
Precipitate^ alumina is made up into balls with chloride of' sodium, and exposed to a 
current of ’steam in a reverberatory furnace strongly heated. Hydrochloric acid is 
expelled, and the alumina unites with the soda. When cold, this compound of alumina 
and soda i*s dcccimposcd by a current of carbonic acid, and the carbonate of soda is 
dissolved, a,nd thus separated from the alumina, which may be again used. Another 
process is that of MM. Schloesing and Holland. They dissolve the chloride of sodium 
in water, and then pass ammonia into it, and afterwards carbonic acid ; bicarbonate of 
ammonia is first pixjduecd, and then double decomposition takes i>lacc ; chloride of 
ammonium is formed, and the more sparingly soluble bicarbonate of soda is precipi- 
tated in crystalline grains ; it is then separated from the liquid and pressed, to free it 
as much as possible from the chloride. This bicarbonate of soda is converted into 
tlie monocarbonate by heat, and the carbonic acid thus evolved is used again ; the 
solution, from' which the bicarbonate has separated, is boiled to drive off any ammonia 
that it may contain, as carbenato of ammonia, which is collected ; tlie solution is then 
boiled with lime, which liberates .the aonmonia from the chloride of ammonium, and 
thus little loss is sustained. 

There are three carbonates of soda : — 

Monocarhonatc. NaO.CO'-i- lOHO (Jf»rCO*-h lOS^O). This is the salt which is 
obtained in the ordinary soda-manufacture. In the crystalline state, it generally con- 
tains ten equivalents of water of crystallisation, or sixty-threo per cent., but has been 
obtained with only eight, five, and even one equivalent of water. It oflloresces in a 
dry atmosphere, at the same time absorbing carbonic acid. It is very soluble in water, 
requiring only twice its weight of w'ater at 60° for solution, and even melts in its 
own water of crystallisation when heated, and eventually by increase of tomperatoe 
becomes anhydrous. It is generally found in commerce in large crystals, which 
belong to the oblique prismatic system. It is strongly alkaline, and acts on the skin, 
dissolving the outside cuticle. It is largely used in the manufacture of soap, glass, &c. 

Scsqificarbonate. 2(Na0.C02),H0.C0* (aiTa’CO^^K^CO*). This salt is frequently 
found native. See Natron. 

Bicarbonate. NaO.CO^HO.CO* (WaHCO*). This salt is found in some mineral 
waters, as those of Carlsbad and Seltzer ; and is obtained from the waters of Vichy 
in lar^e quantities. 

Tt is prepared by saturating tlie monocarbonate with carbonic acid, for ‘which 
purpose several methods are employed. 

1. Bypassing carbonic acid into a solution of the monocarhonatc.' A cold satu- 
rated solution of the monocarbonate of soda is made, and carbonic acid obtained 
by the action of hydrochloric acid on marble or chalk, is passed into it ; the bi- 
carbonate forms and precipitates to a great extent, and is then collected, and pressed 
to remove as much of tbe adhering liquid as possible. A fresh portioii of tho 
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ttonocarbonate ib dissolved in the mother-liquor, and the i^age of carbonic 
add through it repeated. By this method a pure bicarbonate is obtained, but the 
process is costly. 

2. JBy exposinff solid mohocarhonate of soda to an atmosphere of carbonic acid gas. 
This is. know as Smith’s process. The crystals of the monocarbonate are placed on 
shelyes, slightly inclined to allow the water to run off, in a large box, containing a 
perforated false bottom ; carbonic acid is passed into this box under pressure, which 
latter is scaredy necessaiy, since the monocarbonate so rapidly absorbs the carbonic 
acid. When the gas ceases to bo absorbed, the salt is taken out and dried by a 
penffoheat. 

The crystals are found to hare lost their water of ciystallisation, and to hare 
become opaque and porous, and a bicarbonate, still, however, retaining their original 
shape. These are ground between stones like flour, care being taken to avoid the 
evolution of much heat. 

8. Its formation by the action of bicarbonate of ammonia has been already described. 

Bicarbonate of soda crystallises in rectangular four-sided prisms, which require 
about ten parts of cold water to dissolve them, and if the solution bo boiled, it loses 
carbonic acid, becoming first sesquicarbonate, and ultimately monocarbonate. As 
usually met with in commerce this salt is a white powder. Its taste is slightly 
alkaline. It is largely used in medicine, for making seidlitz powders, &c., but the 
salt generally found in the shops is only a sesquicarbonate, or a mixture of bicar- 
bonate and sesquicarbonate. 

The latest obtainable returns, show that the materials used on the Tyne in producing 
coda, and its alkaline manufactures, amount to 1,070,000 tons annually, consisting 
chiefly of pyrites, salt, chalk, coal, and manganese, the value of which is about 850,000/. 

This outlay produces : — 


Tons. 


Tons. 


Soda crystals 

. 86.000 

Caustic soda . , 

. 3,720 

Alkali 

. 74,000 

Epsom salts . 

. 590 

Bicarbonate of soda 

. 11,000 

Glauber salts 

. 20 

Sulphate of copper 

200 

Oil of vitriol 

. 9000 

Sulphate of soda . 

2,400 

Hyposulphite of soda , 

. 400 

Bleaching powder • 

. 27,000 

Muriatic acid 

700 



Chloride of manganese 

. 1,300 



Total tons. 

. 216,330 

Having an aggregrate value of 1,929,825/. 


The products of the Lancashire chemical works are about the same, the total for all 

England being 




Kaw materials 

• • • 

. . . . 1,700,525 

Manufactured article 

. . . . 3,813,604 

The remarkable extension of the Alkali 

trade will be seen by the following state- 

meUt of Exports 




1858 1869 

1860 

1861 1862 

1863 

ewts. cwts. 

CIRilS. 

cwts. cwts. 

cwts. 

1,618,289 2,029,761 

2,049,582 

1,420,327 ‘ 2,095,249 

2,137,015 

1864 1865 

1866 

1867 1868 

1869 

cwts. owts. 

cwts. 

cwts. cwts. 

cwts. 

2.192,771 2,572,794 

2,997,470 

3,164,425 3,490,587 

3,514,382 

1870 

1871 

1872 1873 


CWtB. 

cwte. 

cwts. cwts. 


3,858,393 

4,176,667 

4,453,068 4,754,423 



In the maimfoctnre of carbonate of soda from common salt, there was always a 
eonsideiable escape of muriatic acid, which was highly injurious to all surrounding 
Tegetarion. .This led to the passing of a Bill to regulate this manufacture. 

llie Alkali Act cf Inly 28, 1868, is * An Act for the more eflectual Condensation 
cf Hnriatie. Acid das in Alkali Works.* An alkali work is defined by the Act to be 
7 every nrork for maonfoctiire of alkali, sulphate of soda, or sulphate of potash, in 
'nbich ihixiatie add is eyolved.’ It is required that * every alkali work shall be 
carried in anch a manner as to secure the condensation to the satisfaction of the 
lhapaetai*» dsrifad ftma his awn examination or from that of a sub-inspector, of not 
liilhMi W fit ca ntwai of Hi# aaniatic add gaa evolved tbardiu* 
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Alhali Exported in 1873. 






Cwts. 

Value 

To Russia . . . 




314,268 

£ 

238,382 

,, Sweden and Norway 




126,651 

70,116 

„ Denmark 




70,583 

37,929 

„ Germany 




828,354 

421,921 

„ Holland 




289,981 

121,916 

„ Belgium 




199,643 

120,982 

„ France . . . . 




110,959 

61,589 

„ Spain and Canaries 




122,596 

110,709 

„ Italy ^ .... 




84,322 

48,424 

„ Austrian Territories 




46,820 

26,890 

„ U nited States, Atlantic . 




2,124,017 

1,371,506 

„ „ Pacific , 




25,314 

20,632 

„ Brazil . • . . 




44,356 

34,180 

„ Australia 




105,368 

69,768 

„ British North America . 




108,962 

76.034 

„ Other countries . • 




143,341 

98,028 

Total . 

• 

• 


4,754,425 

2,929,006 


If wo estimate the escape of muriatic acid gas at 1,000 tons per week before Uie 
j)assing of the Alkali Act, or at least before the introduction of the Alkali Bill into 
rarliamcnt, wo may bo considered as taking a very moderate view of the question. 


1861 



a, Wooden plug, with hole through the centre. 6 ia a covering of esrthenww which it 
nearly submerged, thus closing entirely the top of the tower when the w^r ia admitted 
e c. Bottom of water-cistern ; the water posses through the side ot hb close to cc, thus 
hermeticaUy sealing the apertures. ITio floor of the water-cisterns at the top of each ‘ 

tower is covert with the wooden plugs tts above and their coverings. 

This supposes 2,324*96 to have been already condensed, and is a voT* fiaYOtixabde 
view of the case. The 1,000 tons left uncondensed are e^uel to 4,000 of 20 ^ 
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aoid, and under one-third of the total amount evolved in tlie procoss hf dooom* 
pONdng ndt bj tulphurie aeid in the CJnited Kingdom. This quantity amounts to 

000 toai per annum. 

Condensation is promoted by cold and by water mainly, but next to these we must 
add oon^t of surfaces and time. 

Air with a small quantity of muriatic, acid jn it vill appear misty in moist weather, 
though the amount may be less than 0*003 per cent. It will pass rapidly through 
tubes well cooled and still appear misty, hut let it pass between broken pieces of coke 
or through extremely narrow moist passages and it will be perfectly cleared. The 
floating txiFtioles too minute to fall seem to be filt^ercd out as we hlter fine precipitates. 
The mode of gaining extensive surface is chiefly by the use of coke in the towers. 

Other modes have been adopted of filling the condensers. Fire-bricks arc used in 
many cases, and especially at the lower part of condensers used for open roasters. 

1863 1864 



A ffliiffaurr generally is a tower filled with moistened very porous or non -porous 
material, in inoses so large as to allow the passage of air and water through the inter- 
itjffif, and so amall as to prevent that passage from being made without contact of the 
air gaass with the water and the solids present 
It is built gsutmUy in the form of a square tower. It is from 3 to 6 feet square 
fipirily fiNfi summit, aud ftom 6 to 125 feet high. This height includes the 

and the cis^fii abo^ the condensing portion of the tower. See fig, 1862. 

, 1st The simplsst fiorm of oondenser aUows the gas to enter below whilst the uncon- 
^ IftMiadocrilotf siiiiMi hrio the air at the top. 

*^'i|ii,^ihs^iiSQMi^ fissi of.tha first tov/sr may be sent into the top of the 
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■econd tower, down which they may pass and thence either to the chimney or to a 
third and fourth tower* 

3rd. A tower may be divided in two parts. The gases may pass up one side and 
down the other. This merely treats one as if it wore two. 

4th. The gases may pass up one tower and down wirthenwaro pipes to the bottom 
of the second tower, up which they rise. By this method the gases pass up the towers 
only, and down tubes only. 

5th. Condensers may be vessels of stone or of earthenware ; when of stone they 
may be several feet in length, breadth, or depth. In these vessels a largo amount of 
acid is frequently condensed before it passes to the towers. The gases may pass 
through several of those tanks. 

6lh. As tlie gases come from the roaster very hot, it is found of advantage to 
cool them before they enter the condenser. This is done by allowing them to pass 
along earthenware pipes for a great distance before entering the condensers. "When 
these pipes are not used, the condenser is heated very highly and filled more or less 
with hot instead of cold water. This is the case sometimes to such an extent as to 
warm the whole tower. A great supply of water cools the tow'or but weakens the 
acid, and may even obstruct the passage of the gas too far. 

7th. The first condenser is made largo enough to condense all the gas, or several 
may be required. The greater part of the gas may be removed by one or more 
towers, leaving a small amount to be condensed by a post-condenser flushed with a 
great excess of water. This acid is not intended for use. Sometimes several condensers 
are connected with one post-condenser for a final washing. A greater amount of 
space and water being required to remove acid when it exists to the extent of only 
two or three per cent., the acid from these washings is often very dilute, sometimes 
so much as not to be sensible to the taste. 

Figs, 1863 and 1864 are drawings in elevation of the fine towers at Messrs. Allhu- 
sen’s. The stairs are entirely within the enclosure made by the six towers, and can be 
ascended with perfect safety. The chamber at the top contains the cistern and arrange- 
ments for the distribution of the water. At the very top are openings for the uncon- 
donsed gases. There are two rows of three towers, making six towers, for the pan-gases. 

SOB A FEBSPAB. Usually called Mbite, See Felspar. 

80BA, BYPOCBXiOBXTS OF. NaO.ClO (XTaClO). This is obtained in the 
same manner as hypochlorite of lime, or by decomposing a solution of this latter by 
carbonate of soda. Its uses are the same as those of the hypochlorite of lime. 

80BA, BYPOSirXiPBZTB OF. This is now largely prepared for photo- 
graphic purposes. See Hyposulphite of Soda. 

80BA, BXTBATE, OF. NaO,NO^ (BaETO^). Sjm. cubic nitre; Chile salt- 
petre. (Fitrate dc soude, Fr. ; Wurfclsalpeter, Ger.) This important salt is found 
native in immense quantities in Chili and Peru. It is, in some parts, found in beds of 
several feet in thickness. As found in nature it is tolerably pure, the principal impu- 
rities being chlorine, sulphuric acid, and lime. Nitrate of soda can be formed artifici- 
ally by saturating nitric acid with soda or its carbonate, and evaporating the solution. 

Nitrate of soda is extensively and economically employed as a source of nitric acid. 
It is also used for the purpose of being converted by double decomposition with 
chloride of potassium into nitrate of potash. (See Nitrate of Potash.) It is em- 
ployed as a manure. 

A good sample of nitrate of soda should not contain more than two per cent, of 
chloride of sodium. The nitric acid may bo determined by the process described under 
Nitrate of Potash. 

Nitrate of soda is not applicable for the preparation of gunpowder or fireworks, 
partly in consequence of its tendency to attract moisture from the air, and partly 
owing to the fact that mixtures made in imitation of gunpowder, but having nitrate of 
soda in place of nitrate of potash. It has, however, been prepared and used for 
blasting-powder, with some apparent advantage. See Cubic Nitre. 

80BA, BZTBZTB OF. NaO,NO* (BaBO^). This salt is not nnfroquently 
employed as a source of nitrous acid, especially in researches on the volatile organic 
bases. Nitrite of soda possesses some advantages over nitrite of potash, owing to 
the comparative ease with which -it is prepared. 

80BA, FB08FBATB8 OF. Several of these are known, but are not impor- 
tant in the arts. The principal are the normal tribasic phosphate, the well-known 
rhombic phosphate, the pyrophosphate, and the metaphosphate of soda. 

80BA, 8VXiPBATB OF. NaO.SO*+10HO (Ba«SO< -I- 10B*O). Thia salt 
is obtained as a residue in several chemical processes, as in the manufacture of hydro- 
chloric and nitric acids, &c., but owing to the enormous quantity used in the manu- 
facture of carbonate of soda, it is made purposely as describe under Soda, Caebovatb 
OF. It is known as Glauber's salU has been found native near Maorid, aes^lgr 
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we, dmsited at the bottom of some saline lakes, in anhydrous octahedra, called 
ThiiMTiU€i and also combined with sulphate of lime, as Glauberite. 

It ciystallises in oblique rhombic prisms which belong to the oblique prismatic 
system.^ Its taste is saline, and bitterish. It is very eftiorescent, and loses all its 
ten equivalents of water by mere exposure to tlie atmosphere, at common temperatures. 
‘ Sm»XXTa or. NaO.SO"+10HO (3ra-8O’< + 10B‘-O). This salt 

is prepared largely for removing the last tmccs of chlorine from the bleached pulp 
obtoined in the manufacture of paper, and is hence ciillod anlicMorc. 

It is prepared by passing sulphurous acid gas through a solution of carbonate of 
'Soda, or on the large scale, bypassing sulphurous acid gas, obtained by burning 
sulphur in tiie air, over crystals of carbonate of soda. It crysUillises in oblique 
prisms, and is efflorescent, like the sulphate of soda, which it much resembles. Its 
taste is sulphurous, and it possesses a slight alkaline reaction. 

A bisulphite of eoda also exists, which forms irregular opaque crystals. 

80DA*WATS!B. A favourite beverage, formed by super-saturating a solution 
of carbonate of soda with carbonic acid, produced under considerable pressure. 

The accompanying wood-engraving repre.scnts tlie improved arrangements of the 
soda-water machine, as fixed tor use, manufactured by Messrs. J. Tylor and ^ons of 
2 Newgate Street, London. 
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To use this machine, it is necessary to fill the solution-pan o, with solution of sc^la, 
about one ounce of bicarbonate of soda to 2 gallons of water. Usually this solution 
is made in a large cistern of slate, or wood lined with lead, from which it is con- 
veyed to the solution-pan, by means of a pipe and tap. The gasometer -tub (3) is filled 
with water up to a constant level, above which the opening of the ])ipe coming from the 
■olution-pan is kept, while the other pipe, connected with the generatf)r 2, is kept well 
under the water. The boll of the gasometer being down, about 14 lbs. of powdered 
wbiting is mixed with water, to the consistency of cream, and poured into the generator 
(2) till it is about two-thirds full, when it is carefully closed. Next screw the leaden 
acid bottle (1) on to the generator. Take off the small cap on tins top of bottle, and put 
in about a quart of diluted sulphuric acid — half acid and half water- and repl.'icc tlie 
cap. This should be mixed in an open vessel. Muriatic or nitric acid may bo used, if 
Sttiphoric add cannot be obtained. Swing the bottle slightly round, cMiising a little 
acid to &11 into the whiting and water, at the same time turning round the agitator, 
the handle of which is on the top of Uie generator. As soon as the acid is mixed with 
the whiting and water, gas is generated and passes up the pipe into the risiug bell, 
which it elevates by its pressure. The end of the other pipe is turned clown l)elow 
•the suHkoe of the water, so tliat the gas passing through it may become cooled and 
purified. The operation of making the gas should be conducted slowly, the acid bottle 
MUg so moved only a small quantity of acid falls into the generator at a time, 
otherwise the gae would be generated too quickly, and throw the whiting and water 
Into |dpe, and probably ii^ure the generator. 

Whmi m additiott of add and the turning of the agitator fails to produce more 
'gis, tiiea ^ whiting is exhausted, and must be removed. It is important tliat this 
•ilmdd be done each time ol using, before the whiting sets hard, or there will be 
:8difimi^hifstliltg it ont^and alia^lityof straining or breaking the fun of the 
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TIio first time of using" there will be a quantity of air in the bell, which is discharged 
by opening the cock. When the gas has a pungent smell it is fit for use. 

The gas-tap and water-tap are provided with index-plates, which regulate the supply 
of gas and water to the pump of machine ; they must be partly opened or closed by the 
jx'rKon working the machine to suit the requirements. The machine must not bo 
worked with the water-tap open alone. The machine being set to work the gas is 
drawn down the pipe, which stands above the level of the water, through the other 
pi[)o, and is forced into the condenser (d), where an agitator, worked by the spur- 
wJieel (e), revolving rapidly, mixes it with the water which is drawn from the solution- 
l>an (> in like manner. When the pressure is up the safety valve will lift, and soda- 
water may bo bottled from the nose (n). A pressure gauge may be recommended 
a« very useful in enabling the person working the machine to keep tlio pressure 
uniform. 

SODZUIMC. {Syinh. Na ; At. Wt. 23.) This metal was discovered by Sir H. Davy, 
almost immediately after potassium, and by the same means, viz., by exposing a 
piece of moistened hydrate of soda to the action of a powerful voltaic battery, the 
alkali being placed between a piiir of platinum plates connected with the battery. 

Dy this process only very small quantities can bo obtained, but processes li ivi' 
since been devised which provide it in almost any quantity, and since the demand 
for sodium in the manufacture of aluminium by Wohler’s process, principally by the 
exertions of M. C. St.-Clairo Doville, the cost of it has been considerably diminished. 
Tlie process now adopted is the same as that for obtfiining potassium. , An intimate 
mixture of carbonate of soda and charcoal is made by igniting in /i covered crucible 
a salt of soda containing an organic acid, as the acetate of soda, &c., or by melting 
ordinary carbonate of soda in its water of crystallisation and mixing with it, while 
liquid, finely-divided charcoal, and evaporating to dryness ; this mixture is mixed with 
some lumps of charcoal and placed in a retort, which is generally made of malleable 
iron, but owing to the difficulty of getting them sufficiently large, earthenware or fire- 
clay retorts have been used with success, and sometimes these are lined vrith or 
contain a trough of malleable iron. These retorts are so placed in a furnace that they 
are uniformly kept at a heat approaching to whiteness. 

The principal reaction which takes place in the retort, is the reduction of the soda 
by the charcoal, which is thus converted into carbonic oxide, which escapes through 
an aperture iu the receiver made on purpose. 

Sodium is a silver- wliito metal, very much resembling potassium in every respect ; 
it is so soft at ordinary temperatures that it may be easily cut with a knife or pressed 
between the finger and thumb ; it melts at 194® Fahr., and oxidises rapidly in the air, 
though not so rapidly as potassium. Its sp. gr. is 0‘972. When placed upon the 
surface of cold water it decomi>oses it with violence, but does not ignite the liydrogt:n 
which is liberated, unlo.ss the motion of the sodium be restrained, when the cooling 
effect is much less. When a few drops of water are added to sodium the hydrogen 
liberated immediately inflames, and such is also the case if it be put on hot water ; 
when burning it produces a yellow flame, and yields a solution of soda. The principal 
use of sodium is, as before stated, in the manufacture of aluminium, which is now 
carried on to a considerable extent. 

SOBZUXIt, BROlIf IDE OF. This salt resembles the bromide of potassium. 

SODIUM, CftZiOBZDE OF. See Salt. 

SODIUM, IODIDE OF. This exists in considerable proportion in the ash of 
burnt sea-weeds. See Kelp. 

SODIUM, OXIDES OF. When sodium is burnt in oxygon gas or in air, two 
different oxides are produced, viz. the protoxide and binoxide. These oxides very 
much resemble the corresponding oxides of potassium. 

SODIXTM, SUDFBIDES OF. Several of these are known, resembling tlio cor- 
responding salts of potassium, but they are of no importance in the arts. 

SOJX. The legumes of hoja kispida are used in the preparation of soy, and are 
imported to this country from India. 

SOUkimrs. a poisonous alkaloid of doubtful constitution, contained in various 
plants of the species Solanumj as S. nigrum j S. Dulcamara, and^ in the potato {S. 
tuberosum). It is remarkable that in the shoots of potatoes which have sprouted 
in dark cellars the quantity of solanino is greater than iu the shoots which have 
germinated normally. Solanine requires reinvostigation. 

BODAZZI JUICE. A name given to the best kind of Spanish liquorice, Solazzi 
being the maker’s name. See Liquobice. 

BOEDBEIVCt. The process of uniting together pieces of metal, by the interposi- 
tion of a fusible alloy, which is called either soft or hard solder, according as its 
fusing point is low or high. One process is called by its inventor, M. de Richemont, 
VoL. Ill ^ 3 K 
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nutogeiWMt becauBO it takes place by the fusion of the two edges of the metals 
themselveSt without interposing another metallic alloy, as a bond of union. See 
Autogekous Soldbbino. 

SO&BMtS. Alloys which are employed for the purpose of joining together metnls 
are so called. They are of various kinds, being generally distinguished into hard and 
soft. Upon the authority of Holtzappfel, the following receipts for solder are given, 
and these have been adopted, because, after a long and particular inquiry in tho 
workshops, we learn that they are regarded as very superior to any others rocoiu- 
mended : — 

Pewterers' Solder* {a) 2 Bismuth, 4 lead, 3 tin. (Z>) 1 Bismuth, 1 lead, 2 tin. 

Soft Spelter Solder* Equal parts of copper and zinc. 

Coarse Pluntbers* ^Ider, ip) 1 tin, 3 lead, melts at about 500*^ Fahr. iji) 2 tin, 1 
load, melts at about 360® Fahr. 

Spelter Solder* 12 ozs. of zinc to 16 ozs. of copper. 

SO&l'BmXirO. See Aniline Red. 

80XBBBUTB. An impure phosphate of lime, from the island of Sombrero, in 
the West Indies. It appears to have been produced by the action of water, which having 
filtered through guano, has acted on a coral rock, whereby the carbonate of lime of tlie 
coral-limestone has been converted into a phosphate. 

SOOBABJBBf called also Morindin^ a dye-drug prepared from tho root of 
the Morinda citrifolia* See Crookes’s ‘ Practical Handbook of Dyeing and Calico- 
Printing.* See Aal. 

SOOT {Noir de fumee^ Suie, Fr. ; Piiss, Flaitcrruss, Gor.) is tJie pulverulent 
cliarcoal condensed from tho smoke of wood or coal-fuel. 

SOB81C ACZB is tho same with malic acid. See Malic Acid. 

80BCIB0. The name of a species of grass, the Holcus or Sorghum saccharaium* 
See Bboom Coen. 

80BCIBirwl. A su^r-yielding grass has been introduced into the south of 
Europe and North America, the cultivation of which has extended with wonderful 
rapidity in the United States, in regions far to the north of tlioso adapted to tho sugar- 
cane. Tho seeds of this plant are a good grain, similar to the Hurra so extensivedy 
cultivated in the East Indies and in Africa. Tho Durra (Sorghum mlgarc), sorgho, 
or Indian millet, may be said to be the principal corn-plant of Africa ; and the sugar- 
grass, or shaloo (Sorghum saccharatum) may be regarded as a superior kind of 
l)urra. 

The sugar-grass was introduced into Europe in 1851 by tho Count de Montigny, the 
French Consul at Shanghai, who sent a package of seed to the Geographical Bwicty 
of Paris, only one seed of which germinated, and from this plant a small quantity of 
ripe seed was produced; for eight hundred of which Messrs. Vihnorin, Andrieux, 
and Co. seed-merchants in Paris, paid eight hundred francs. Another portion of tlie 
same crop passed into tho hands of the Count de I^auregard, and from these sourc(‘s 
this seed was distributed over Europe and to America in 1857. Two years later, 
Mr. Wray took seeds from Africa to Americii, and two classes are now recognised 
there : the Chinese, or sorgo^ and the African, or Imphee. The juice is expressed by mills, 
of which there are many kinds in use, wrought either by steam, w'ater, or horses. The 
juice, as obtained from the mill, contains many impurities ; dust and earth, small 
fragments of cane, and green vegetable-matter ; these are in part removed by filtering 
through a straw filter, but more completely by skimming during the process of boiling ; 
the ^rup thus obtained is of a very good quality. Tho processes employed in ])rocMir- 
ing sugar from the sugar-cane in tropical countries are equally appliciible in the case 
of the sugar-grass. 

80VBBSZ0Va The sovereign is the standiird of value in Great Britain, and its 
weight is determined by the law that twenty pounds troy weight of standard gold 
shall be coined into 934^ sovereigns. To obtain the exact weight of one sovertiigii, 
reduce the pounds to grains and divide by the number of coins. A sovereign is tluis 
found to weigh 123*2744788306681059 grains, and as it is usual to deliver the ccjiii 
to the Bank in journey weights of 701 sovereigns, each journey should weigh, if it bo 
standard work, 180*0321027287319442215 ounces; and a million sovereigns should 
weigh 266821*8298666377 troy ounces, in round numbers about 7 8618 tons.— G.F.A. 

8mr is a liquid condiment, or sauce, imported chiefly from China. It is prepared 
with a species of white haricots, wheat-flour, common salt, and w'ater ; in the propor- 
ti<m8 re4)^U6ly of 60, 60, 60, and 260 ^unds. The haricots are washed, and boiled 
in water till they become so soft as to yield to the fingers. They are then laid in a 
flat dish to cool, and kneaded along with the flour, a little of the hot water of the 
decoofebn being «dded fena time to time. This dough is next spread an inch or an 
inch and a half thidt hm the vessels (made of thin staves of bamboo), and when 
it beoomeahot Bid moudyi in two or three days, the cover is raised upon bits of stick, 
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to give free accosa of air. If a rancid odour is exhaled, and the mass grows green, 
tlio process goes on well; but if it grows black, it must be more freely exposed to the 
air. As soon as all the surface is covered with green mouldiness, which usually 
happens in eight or ton days, the cover is removed, and the matter is placed in the 
sunshine for several days. When it has become as hard as a stone, it is cut into 
small fragments, thrown into an earthen vessel, and covered with the 250 pounds of 
water having the salt dissolved in it. The whole is stirred U)gethcr, and the height 
at which the water stands is noted. The vessel being placed in the sun, its contents 
are stirred up every morning and evening ; and a cover is applied at night to keep it 
warm and to exclude rain. The more powerful the sun the sooner the soy will bo 
completed ; but it generally requires two or three of the hottest summer mouths. As 
tljo mass diminishes by evaporation, well-water is added; and the digestion is con- 
ti?iued till the salt-water has dissolved tlio whole of the flour and the haricots ; alter 
which the vessel is left in the sun for a few days, as the good quality of the soy 
depends on the completeness of the solution, which is promoted by regular stirring. 
A^'hon it has at length assumed an oily appearance, it is pouredlnto bags, and strained. 
The clear black liquid is the soy, ready for use. 

SPAXrZSB GRASS. See Espakto and Papkr. 

SPAR, BSAVY or POBBSROVS. Sulphate of baryta. See Baryta. 

SPARRY ZROir ORE, or SPATBZC ZROET. (Syn. Chalyhite, Sideriic, 
Sidero^e, Brown Spar^ &c.) Spathoso iron ore has been largely worked on the 
Brondon Hills, in Somersetshire, and it is also found on Exmoor, and in Perran- 
zabuloo, and at the iron mines on the north coast of Cornwall. It also occurs at 
Weardale in Durham. See Iron. 

8PSCZFZC GRAVZTY designates the relative weight of different bodies under 
the same bulk: thus a cubic foot of water weighs 1,000 ounces avoirdupois; a 
cubic foot of coal, 1,350; a cubic foot of cast iron, 7»280 ; a cubic foot of silver, 
10,400 ; and a cubic foot of pure gold, 19,200 : numbers which represent the 
specific gravities of the respective substances, compared with water =1,000, See 
OiiAviTY, Specific. 

SPBCTRITM, Solar or Prismatic. If a pencil of solar light is admitted through 
a small hole, into a dark room, and allowed to fall upon the edge of a prism, a beauti- 
fully-coloured flame-like image is formed upon the opposite wall ; the order of colours 
being red, orange, yellow, green, blue, indigo, and violet, the red being the least r(5- 
frangiblo ray, and the violet the most so of the ordinary visible rays. Careful examina- 
tion proves the yellow ray to be the most luminous ; the rod ray the most calorific ray ; 
and the violet to possess the most energetic chemical power. Heat-rays, invisible under 
ordinary conditions exist below the red band ; some of them having peculiar powers, 
are known as the parathermic r.ays ; and chemical rays extend, with much power, far 
beyond the violet end of tlio visible spectrum. Luminous rays are also rendered visible 
at the most refrangible end of the spectrum by throwing the spectral image into a solu- 
tion of sulphate of quinine, or on a piece of uranium glass, and some other substances ; 
these are called the fluorescent rays. With this brief description of the Newtonian 
spectrum, as it is often called, (Sir Isaac Newton, being the first who investigated its 
striking phenomena) our readers must be satisfied. The practical applications of our 
knowledge form the subject of the next article. 

SPECTRUM AITABYSZS. Dr. Wollaston was the first who observed the ex- 
ist eiico of non-luminous spaces or dark lines in the solar spectrum. Dr. Eitchie proved 
tliat these lines were dependent on absorption, and showed how they could be in- 
creased in visible numbers Iry artificial means. Fraunhofer, however, was the first to 
make a full investigation of them, and to publish a map of them ; hence they have been 
generally called Fraunhofer’s Lines. 

These lines are of so fixed a character in relation to the coloured bands of the 
spectrum, that if it is desired to indicate with groat precision any special rays of the 
spectrum, they are referred to by letters or numbers. The position the lines occupy 
have been determined by a careful examination of the map of Fraunhofer, and the 
very complete delineation of those lines published in the ‘ Philosophical Transactions ’ 
for 1859, by Sir David Brewster and Dr. Gladstone. Fraunhofer laid down on his 
map 354 lines, but Sir David Brewster says: *In the delineations which I have exe- 
cuted, the spectrum is divided into more than 2,000 visible and easily recognised por- 
tions, separated from each other by lines more or less marked.’ 

The origin of these dark lines, — spaces in which there is no light,-— can scarcely be 
said to be yet satisfactorily resolved. Fraunhofer, and others follo^ng him, thought 
that the light emitted from tho photosphere was, from the first, deficient in those rays, 
or that they were lost, either by absorption in passing through the ^lar atmosf^ere, 
or obtained possibly in passing through that of the earth. Angstrom, who also dis- 
covered maDy hrigU line» in the apectra from artificial lights, advanced some highly 
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philosophical views in 1866. The dark lines of the solar spectrum, and the bright 
ones observable in the spectra obtained from artificial lights, were investigated by 
Professor Wheatstone, Dr. W. A. Miller, Mr. Fox Talbot and Sir John Herschel. 
These investi^tors proved that the spectra obtained from the light emitted from in- 
candescent mineral bodies differ from that obtained from the sun ; that the lines from 
artificial sources of light are, in many cases, peculiar; and that, in tlie majority of in- 
stances, bright lines appear to take their place. So rigidly exact were the positions 
and characters of the lines obtained from differently-coloured flames, that botli Wheat- 
stone and Miller suggested the adoption of spectral or prismatic analysis, as a means 
of determining the presence of exceedingly minute quantities of any substance. The 
more recent investigation of Bunsen and Kirchoff have, from their high interest, again 
drawn attention to this subject. Those linos have been employed in the analysis of 
the solid mass of the sun itself ; and the extreme dolicncy of the indications is proved 
from the discovery of two new metallic bodies, one willed Ctesimn (meaning bhiisli- 
grey), and the other Rubidium (from the Latin mhidus, which was used to express tho 
darkest red colour), which existed in infinitesimally small quantities in some miiieml 
waters of Germany. Thallium was afterwards discovered by Mr. W. Crookes, and 
Indium by Professor Eichter, by means of the spectrum. To render the phenomena, 
and the hypothesis involved, intelligible within tho short space which can bo given 
to the subject to those who may not have studied it, it is necessary to recapitulate?, 
and enter a little into detail. Tho image produced hy decomposing a white sun- 
beam consists of certain brilliantly-coloured rays, but those rays are crossed by spaces 
giving no light. The dark lines are always found in the same places in the solar 
spectrum, but they vary in number under different aspects of tho sun and varying con- 
ditions of the earth’s atmosphere. When the sun shines in its meridian splendour from 
a clear sky, tho number of dark lines is slightly different from those obsen’od wlien 
the sun, being near the horizon, has to penetrate a greater depth of atmosphere. ‘ It 
is,* says Dr. Gladstone, ‘a most beautiful and striking sight to observe tlio gradual 
appearance of those characteristic lines as the sun descends towards tho horizon,’ 
proving that some of these non-luminous spaces are due to terrestrial atmospheric 
absorptions. To quote again the same authority : ‘That tho earth’s atmospliere has 
much to do with ^e manifestations of those lines, is beyond all question, and tlio 
analogy’ (alluding to some veiy striking experiments made by Dr. Miller) ‘ of sueli 
gases as nitrous acid or bromine vapour, suggests the idea that they may originate 
wholly in the air that encircles our globe' The spectra, obtained from some artificial 
sources of light, exhibit the coloured rays shading one into tho other ; Mobile those 
produced by some others consist of a series of luminous hands, separated by dark 
spaces ; and these luminous bands are frequently found to coincide with the dark lines of 
the solar spectrum. Dr. W. A. Miller observed that an intense yellow ray observable 
in the spectra, obtained from tho flames coloured with soda, lime, strontia, baryta, 
zinc, iron, and platinum, and, according to Angstrom, in tho electric light of every 
Tnetal burnt by him, had the same refrangibility as the line n in the sohir spectrum. 

I^otechnic displays will have made the least scientific of our readers acquainted 
with the fact, that we may, by burning certain mineral sub.stances, produce very 
intensely-coloured lights. Soda, or common culinaiy salt, gives a monoc'hromatic 
yellow ; strontia produces the red fires of our theatres ; bar^i^is, tlie pale green of 
ghost scenes ; copper bums with a green flame, iron with a yellow-brown one, find 
lithium with a brilliant crimson. Now, if these flames bo examined thrmigh a pri.sin, 
or if a concentrated pencil from those artificial sources of coloured light bo passed 
through one, we obtain well-marked spectral images. 

The next step in the process of the investigation instructs us in the fact, that tho 
vapours producing those coloured flames are opaque in their own rays. That is to 
say, if we produce a vellow soda-flame, and from it obtain a spool rinn showing tho 
pecnliar soda lines in tneir bright yellow colour, and then impregnate the air with some 
soda-TBponr, by volatilising soda between the flame and the spectrum, the hrufit 
ydlau) Um becomes at once a black line. This holds true for all the substances which 
have yet been examined. The coloured bright lines are converted into dark linos, if 
the rays from the coloured flames are made to permeate vapours of the same 
constitution as those which produced the particular spectrum under examination. 

KiicbofiT and Bunsen lay great stress upon the sodium spectrum, as proving the 
extreme delicacy of this m(^e of analysis. The yellow line, the only one seen, is 
^Qineident with the dark line D of Fraunhofer. This beautiful bright yellow line is 
obeemble when less than 1-20, 000, 000th of a part of soda-vapour is mixed with air. 
From the circumstance of the air of these islands having almost always some 
saline matter floating in it, the yellow line of the sodium spectrum is rarely absent. 
The litluum spectrum gives two sharply-defined lines : one a bright red, the other 
apparently corresponding with line five between B and 
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C of Brewster’s spectrum ; it is not ecT-sy to determine accurntoly with which 
of the dark lines this yellow line is coincident. {Strontium gives six red, one 
orange, and one blue line. Calcium and its salts, a bright green lino, an intensely 
l)right orange line, and the paler intermediate bands. Barium gives well-defined 
green lines, some yellow lines, varying in intensity, an orange line, and indications 
of red. 

Incandescent gases and vapours give off light of certain definite degrees of re- 
frangibility, or they furnish spectra consisting of certain fixed lines ; and those 
incandes(;ent gases or vapours absorb light of the same degree of refrangibility as that 
which tliey emit. This is (reasoning by analogy) only the expression in relation to 
li^ht of the celebrated statement made in regard to sound, that a body absorbs all the 
oscillaiions which it can propagate. 

Spectrum analysis has been applied with success to determine the moment when in 
the process of making steel by the Bessemer prexjess the whole of the carbon is exhausted. 
For a full account of Spectrum Analysis, see Watts’s ‘ Dictionary of Chemistry.’ 

SPSCUXiVlME METAA. The motjd employed in the mirrors of reflecting 
telescopes. The late Earl of Eosse, who was eminently successful in the production 
and polishing of largo specula, says, in his paper published in the Transactions of 
the Iloyal ^ockty, ‘Tin and copper, the materials employed by Newton in the first 
reflecting telescope, are preferable to any other witli which I am acquainted, the best 
proportions being 4 atoms of copper to one of tin, in fact, 126’4 parts of copper to 
68'0 of tin.’ 

Mr. Eoss remarks that when the alloy for speculum metal is perfect, it should be 
white, glassy, and flaky. Copper in excess imparts a reddish tinge, and when tin is in 
excess the fracture is granulated and less white. Mr. Eoss pours the melted tin into 
the copper when it is at the lowest temperature at which a mixture by stirring can be 
effected ; then he pours the metal into an ingot, and, to complete the combination, 
remelts it in the most gradual manner, by putting the metiil into tlio furnace almost 
as soon as the fire is lighted. Trial is made of a small portion taken from the pot 
immediately prior to pouring. 

SPEZSS. A compound of nickel, arsenic, and sulphur, containing small ejuantities 
of cobalt, copper, and antimony ; it is found at tho bottom of crucibles in which smalt 
is manufactured. See Coualt. 

SPEXiTER or SPEETRinMC. See Zinc. 

SPERMACETZ ; the Cctinc of ChcsTcul. In certain species of the cachalot whale, 
as the Physeter macrocephalus, and tho tursio, microps, and orthodon, as also the Vcl^ 
pldniis edeniulus, the fat of some parts of their bodies contains a peculiar substance, 
called spermaceti. The head is the principal p;irt from whence it is obtained. In tlio 
right side of the nose and upper surface of the head of the whale, is a triangular- 
shaped cavity, called by the whaler s, ‘ the case.’ Into this tho whalers make an 
opening, and tiike out the liquid contents (oil and spermaceti) by a bucket. 

The dense mass of cellular tissue beneath tho case and nostril, and which is techni- 
cally called the ‘junk,” also contains spermaceti, with which and oil its tissue is 
infiltrated. Tho spermaceti from tho case is carefully boiled alone and placoil in 
separate casks, when it is called ‘head matter.’ This ‘head matter’ consists of 
spermaceti and oil. For the purpose of separating the spermaceti from the oil, it is 
cooled, when tho speianaceti congeals, and is separated by being thrown into large filter 
bags, when tho oil filters through, leaving the spermac,eti behind ; tlio solid thus 
obtained is subjected to compression in hair-bags, placed in an hydraulic press. It 
is then melted in water, and tho impurities skimmed off Then it is remeltod in a 
weak solution of potash to remove the last particles of oil, washed in water, and fused 
in a tub by the agency of steam, laded into tin pans, and allowed slowly to cool, when 
it forms a white, semi-transparent, brittle, lamellar, crystalline mass. Commercial 
spermaceti usmilly contains a minute portion of sperm oil, which may be removed by 
boiling with alcohol ; the spermaceti dissolves and again separates on cooling, in order 
to obtain it perfectly pure, this process must be repeated until tho alcohol separates no 
more oil. 

When absolutely pure, spermaceti is a white laminated substance, without taste, and 
most odourless, and in this case it is (Milled cetme. By the addition of a few drops 
of alcohol or almond oil, it may be powdered. At 60° its sp. gr. is 0*943. Itmelta 
at 120°, and at 670° may be sublimed unchanged. It is insoluble in water, slightly 
soluble in alcohol, and much more so in ether ; it is also soluble in the fatty and 
volatile oils, and if the solution be saturated when hot, the greater part of the sper- 
maceti separates on cooling. 

Spermaceti is only saponified with difficulty, in which process it is separated into 
two distinct substances : one, (C^W^O), belonging to tho series of alcohols, 

is called ceiylic {etkalic) alcohol; &nd the other cefylic (jethalic) acid, (C 
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the first is a crystallisable fat, whose melting point is nearly the same as that of sper> 
roaeeti itself, but it is much more soluble in alcohol ; it is readily sublimed M'lthont 
decomposition. Cetylic acid stands to cetylic alcohol in the same relation as acetic 
acid to ordinary alcohol, and may be actually procured from it by oxidation. It re- 
sembles in many respects margaric acid. By oxidation by nitric acid spermaceti yields 
a large quantity of succinic acid. 

Spermaceti is a cetylate of oxide of cetyl, and represents in the cetyl scries the 
acetic ether of the common alcohol series. It may also be regarded as a palmitate 
of cetyl. 

8FUIM WKA&S. Physeter macrocephalus. The animal inhabiting the 
Pacific and Indian Oceans which produces the sperm oil and spermaceti. 

fiVKSm. A compound of titanate and silicate of lime. See Titatstittm. 

8PBBKOIBAX1 8TATB. The name given by Boutigny to the condition nssiiined 
by water when projected upon red-hot plates or into rod-hot vessels. Tlio fluid gathers 
into a spheroidal drop, mo-\4ng with a quick intestinal motion, but under this condition 
the temperature never rises to the boiling point. See Evaporation. 

8PICB8. See the separate articles on different kinds of spice. 


The Spices imported in 1873 and 1874 of which we have returns are the following : 




18 

73 

1874 



Quantities 

Value 

Quantities 

Value 

Cinnamon . 

. . lbs. 

1,078.753 

116,144 

1,204,622 

129,161 

Ginger (raw) 

. . cwts. 

36,363 

97,548 

38,750 

117,987 

Pepper 

. lbs. 

26.324,828 

818,437 

19,696,843 

563,896 

Unenumerated . 

• • » 

6,601,393 

229,958 


SPZBOBXiSXSlSBa A term applied to a particular variety of highly carburised pig- 
iron, usually containing a proportion of manganese. It is produced when smelting ores 
containing iron and manganese, under conditions which, with ordinary ores, would 
produce grey iron ; that is with a large proportion of fuel to charge, very basic slags 
from the use of a large quantity of flux, and dense and liot blast. The name is derived 
from the largely facetted structure of the fracture, which resembles plates of glass. The 
structure is developed by cooling the iron under the slag, and is not indicative of the 
proportion of manganese. The amount of carbon is a maximum of 6 per cent., whilst the 
manganese may reach 15 per cent. Beyond this amount the carbon diminishes, and 
the bladed structure disappears, while the alloy becomes known as ftrro-mangancsc. 

The principal localities for the manufacture are in the Khenish provinces of Prussia, 
where it is made from the spathic ores of Siegon, mixed with brown and red iron-ores 
of the same locality, and from foreign countries ; low-class manganeso-ores from NassMU 
being used to increase the proportion of 'manganese when deficient. Under favourable 
circumstances from ^ to ^ of the manganese in the charge passes into the slag ; whilst 
from J to J is reduced. In this country the ore used is principally the manganesi- 
ferous bro'wn ores of Carthagena, or mixtures of iron-ores with others containing 
manganese. The average of the best Rhenish spiegeleisen contains about 10 per cent, 
of manganese. It was formerly used for re-carburizing the overblown metal in the 
Bessemer converter, but now an alloy richer in manganese is generally preferred. Tlie 
lower quality of spiegeleisen is used for conversion into wrought iron in the puddling 
furnace. 

Spiegeleisen is made in America from Franklinite, and in Sweden from Kncbelitc. 

As the conditions of working are similar to those in producing grey iron all the phos- 
phorus contained in the ore will be r^uced ; it is therefore necessary to be as careful 
in selecting the materials for i^iegeleisen as in maldng Bessemer pig-iron. 

The iron made from ores with a smaller proportion of manganese than can be used 
for making spiegeleisen is known as spU^dig or wcies-strahlig, which has either small 
facetted, or a columnar, fracture. A pig-iron of this class, containing about 2 per cent, 
of manganese, is made at Weardale, in Durham, from the spathic ores in the lead mines 
of that district. See Steel. ^ ^ 

SnWBT, nUB. A musical instrument which was much admired by onr 
grandmof^ierB. It had some resemblance in shape to a modern semi-grand piano, but 
wu mtieh smaller, and, sufficiently pleasing, very much less effective in tone. 

limikiriy to the modem method, by means of keys putting in motion a 
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mecliani’sin to touch a single string, which emitted the sound on being struck. The 
instrument being small, and its mechanism slight and simple, its price was propor- 
tionately moderate, and the spinet was thus within the roach of those who could not 
afford the more pretentious and elaborate harpsichord. 

The ClavicordyrtiB a similar instrument, but smaller ; and instead of being struck by 
a jack, the strings wore pressed by brass-pins projecting from the end of the keys. 
It was sometimes called a clarichord, and occasionally the manuchord. Under these 
names, the spinet is often confounded. 

SPZUrzrzxro. . The greatest improA^ement hitherto made in forming textile fabrics, 
since the era of Arkwright, is due to Mr. G. Bodmer of Manchester. By his patent 
inA'ontions, the several organs of a spinning-factory are united in one self-acting and 
self-supplying body — a system most truly automatic. His most compreluinsivo patent 
was obtiiined in 1824, and was prolonged by the Judicial Committee of the Privy 
Council, for 7 years after the period of 14 years was expired. It contained the first 
development of a plan by which fibres of cotton, flax, &c., were lapped and unlapped 
through all the operations of cleaning and blowing, carding, drawing, roving, and 
spinning ; in the latter, however, only as far as the operation of feeding is concerned. 
The patent of 1824 was the beginning; the result of which was several other patents 
for improvements. 

By a machine generally called 
a Devil or Opener {'Wolfy in 
German), which consists of a 
feeding-plate set with teeth, and 
a roller covered with spikes (see 
fig. 1806), the cotton is cleared 
from its heiivicst dirt and opened. 

This machine delivers the cotton 
into a room or on to a travelling- 
cloth, from which it is taken, 
weighed in certain portions, and 
spread up9n cloth in equal por- 
tions ; this is then rolled up, and 
placed behind the first blower. 

The first blower has a feeding- 
plate like^. 1867 without teeth, 
and over this plate the cotton is 
delivered to the operation of the 
common beaters, from which it is received into a narrow compartment of 4.J or 5 
inches broad, and wound, by means of his lap-machines, upon rollers in beautifully 
level and well-cleaned lays. Eight of those narrow laps are then placed behind a 
second blower, of a similar construction to the first. Instead of the common beater, 
however, a dnim with toothed straight edges is used (see fig. 1868), which opens the 


1866 




cotton still more, and separates the fibres from one another. The cotton is again 
formed into similar narrow laps, wliich are still more equal than the preceding ohes, 
and eight of these laps are then placed behind the carding-engines. It was only 
applying the lap-machine, that he succeeded in forming small laps on the blower j 
without this the doffing of the laps without stopping the wire-cloth could not be 
effected, and in doing this, an irregular lap would be formed, because of the aceomu* 
lating of the falling cotton in one place while the wire-cloth was standing. 
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' Carding jEVk^wc.— ^W hen a set of cards work together, any interruption or stoppage 
of a single caimng-engine causes a defect in the produce of the whole lap. Interrup- 
tions occurred several times a day by the stripping of the main cylinder, and during 
this operation, the missing band or silver was supplied out of a can, being the produce 
of a single carding-engine working into cans (a spare card). The more objectionable 
defect was, however, the difi^nce of the product of the carding-engine after the main 
cylinder had been stripped ; the band or silver from it will bo thin and light, until 
the cards of the main cylinder ore again sufficiently filled with cotton, when the band 
\nll again assume its proper thickness. Another irregularity was caused by the strip- 
ping of the fiats or top cards, but was not so fatal as the first one. These defects 
were, of course, a serious drawback to the system of working, the latter of which was 
provided against by stripping the top cards by mechanism ; the former was conquered 
by the invention of the self-strippers for the main cjdinders ; thus the carding-engine 
may now work from Monday morning to Saturd.'iy night without interruption, the 
cylinders requiring only to be brushed out every evening ; the consequence is, that 
much time is gained, and a veiyr equal, clean, and clear product is obtained. Old 
carding-engines to which ho applied his feeders (see 1869) and main cylinder- 
clearers produce much superior work, and increase the production from 1 8 to 24 per 
cent. . ^ 

The main cylindifi-clearer consists of a very light cast-iron cylinder, upon which 
five, six, or more sets of wire-brushes are fixed, .which are caused to travel to and fro 
across the main cylindef ; ,the surface or peripheay of the brushes overrunning the 

1869 1871 




surface or periphery of the main cylinder by 8 or 19 per cent., the brushes thus 
lifting the cotton out of the teeth of the cards of the main cylinder, and causing the 
dirt and lumps to fall. 

As the brushes are not above a quarter-inch in breadth and travel to and fro, it is 
clear that no irregularity can take place in the fleece which comes from the doffer ; 
not more tlian l-40th part of the breadth of the cylinder being acted upon at the same 
time. 1870, 1871, give an idea of the clearer : the mechanism within the 

clearer, and by which^the brushes are caused to travel is simple and solid. The main 
cylinders for the carding-engines are made of cast iron, the two sets of arms and rims 
ore cast in the same piece ; when complete, they weigh 60 lbs. less than those made of 
wood. 

. The lap machine connected with these engines is almost self-acting ; a girl has only 
to turn a crank when the lap is full ,* by this turn the full lap is removed, and an 
empty roller put in its place, the band of cotton is cut, and no waste is made. 

^ Drawing ^ame. — The laps from the carding-engine lap-machine are put upon dt- 
Hvering rollers, behind a set of drawing rollers, and from them delivered upon a bolt 
OP trough, and again formed into laps similar to those from the carding-engines. The 
'next operation formed the laps into untwisted rovings, and tlie next again into smaller 
UBtwistod xovinn, or roving with false twist in them. The false twist was objection- 
ab^ ^ a number of rovings on the same bobbin, with left and right permanent 
twist in them was adopted. This does very well ; there is, however, a little objection 
to that place in which the twist changes from right to left when it comes to the last 
•operation before spinmng. The left and right hand twist is confined to the drawing- 
mm, whiah ooi»7^ two laps into one roying, and forms a roller or bobbin ot H 
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inches diameter and 16 inches broad, with six separate and twisted rovings 
wound upon it. (See jigs. 1872, and 1872a.) The twist is given by tubes in two 
directions, so that it remains in it (see jig, 1872a), the tube turns in the same 


1872 




direction, while the roving advances 4 or 
6 inches, and then turns in the other 
direction. These laps or bobbins are then 
placed behind a machine, which he calls 
a coil-frame, the most important arrango- 
mout of which he claimed already in his 
patent of 1835. It consists of a slot, with 
a travelling spout, without which the coils 
cannot be formed under pressure. 

Coil Frame . — The bobbins (jig. 1872) 
are placed behind this machine, and two 
(mds from the bobbin are passed through 
the drawing rollers, and formed into one 
untwisted silver or roving in the follow- 
ing manner ; — When the cotton has passed 
through the drawing rollers and calender 
rollers, A, (sQe/ig. 1873) it is passed through 
the tube, n, and the finger, c ; the spindle 
with its disc, n, revolves in such a propor- 
tion as to take up the cotton which pro- 
ceeds from the calendar rollers, a, and 
cause the rovings to ho laid down in a 
spiral line closely, one by one ; and as the 
rollers, A, work at a regular speed, it is 
evident that the motion of the finger, c, 
and the speed of the tube, n, must vary ac- 
cordingly. The coil, e, is stationaiy, and is 
pressed by the lid or top, f, which slides 
up the spindle, o, made of tin-plate. Tho 
cotton enters through tho slot, 1873. 
It is quite evident that tho finger, c, and 
spindle, o, only perform one and the same 
varying motion, which is repeated at every 
fresh layer, and the coil is thus built from 
below; it is about 8 inches in diameter 
and 18 inches high when compressed, and 
contfiins 4| lbs. of cotton. There are 
Bovetal modes of forming these coils, but 
one only is shown here. These coils are 
placed behind the twist-coil frames in 
half-cans or partly open ones or troughs, 
or behind a winding machine, w'here they 
ore wound upon rollers side by side, like 
the lap or bobbin shown in the drawing 
frame, and placed behind the twist-coil 
frame in this state. 
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Tufut-coil JVfl[me.--This frame forms rovings into coils similar to tlioso above 
explained, with this difference: that the rovings are fine, say, from 1 to 10 hanks per 
ponnd, and regularly twisted ; their diameter varies from to 5 inches. Tho same 
in^hinesproduce rovings more or less fine, tut the diameter of tho coils does not 
diner. ^ The difference of this machine from that above described consists in the 
dimensions of their parts, and in its having the spindle, o, and tlio lid or top, r, 
revolving, m well as the tube, b. {Seefy. 1874.) In this machine the motion of tho 
spindle, B, is uniform : the spindle, g, however, is connected by the bevel-wheels, ii 
and I, with a differential motion at tho end of the frame, with which tlie motion of the 
finger, c, corresponds. The skew- wheels, k and b. are connected with tlic draw'ing 
rollers, a. The speed of the tube, b, and the spindle, g, are so proportioned, that 
while tho spindle, o, performs one reA’olutioUj and therefore puts one twist into the 
roving, the tube, b, also performs one revolution, missing so much .is w’ill be required 
to pass through the slot in the cap or disc, b, and lay on it as much of tho roving as 
proceeds from the rollers, a, and in wdiich one twist is contained. Of course the 



twist of these lovings can be adapted to their fineness and varied ; but it is evident 
that, on account of the regularity of the machine and its simplicity of movement, the 
rovings can never be stretched, and much less twist can be put into them than can be 
put in the common fly-frames. ^ These coils are put behind the spinning machines on 
shelves or in small cans, open in front ; or they are wound from 24 to 72 ends upon 
bobbins, and placed upon unlap rollers behind the spinning frames. 

Coifing Machine for Carding Engbm amd Drawing Frames ,— are simple 
mSchiues, which may be applied to carding engines or drawing frames of any descrip- 
tion. ^ They form large coils, 9 inches in diameter and 22 inches long, when on tho 
machine. There are two spindles (see a, Jig, 1876) on eacli machine, for the purpose 
of doffing without stopping the drawing frame and carding engines. When one coil 
is filled, the finger, 6, is just brought over to the other spindle, so that the full coil is 
stopped and the new one begins to be formed without the slightest interruption of the 
machine. 

Coils are formed in various ways, also in cans ; but this description is sufficient to 
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sliow the application of this mode of winding np bands or rovings. Several of the 
above-described machines are adapted with equal success to wool and flax. Winding 
directly from the carding engines the slivers separately upon long bobbins, twist is 
given in two directions, for the purpose of uniting the fibres to some extent, so that 
they may not only come oiF the bobbins without sticking to one another, but also that 
they may dniw smoother. Another machine is used by which several rovings, say 4 or 
more, are put upon the same bobbin with conical ends ; these bobbins are placed be- 
hind the mules or throstles, and are unwound by a belt or strap running parallel with 
the fluted rollers of the spinning machine, as seen in fig, 187G. The belt or band, A, 
is worked in a similar way to that described in a former patent, and the bobbins, b, 
rest upon and revolve upon their surface, exactly according to the speed of the belt. 
The most important feature in the roving machine is a metal plate, in which a slot is 
formed through which the rovings pass ; this slot is seen in ^5. 1877, 1878, and 1879. 

1876 
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The cotton, when coming from the drawing rollers, is passed through the twisters, c, 
and through the slot in the plate, n. Any convenient number of neatly-formed and 
perfectly separate coils can be put upon the wooden barrel or bobbin. The bobbin 
formed upon these macldncs is represented in fig, 1880, and the conical ends are 
formed by a mechanism, by which the twisters, c, are caused to approach a little more 
to one another, after each layer of rovings has been coiled round the barrel : the 
section of the bobbin is, therefore, like that shown in^. 1880. 

KoATiigs wound upon bobbins by means of tubes revolving in one direction are 
ccrUiinly not so fit for spinning as rovings into which a small degree of twist is put. 
The tube by which a twist is put in on one side and taken out at the other, curls or 
ruffles the cotton, and causes it to spread out as it passes between the rollers, while 
rovings with a little permanent twist in them are hold together in the process of 
drawing, and thus produce smooth yarn. To remedy the evil fibove described, when 
untwisted rovings are used, the spouts or guides, through which the rovings toss into 
or between the drawing rollers, are made to revolve slowly, first in one, and then in 
the other direction, and thus a certain quantity of twist is put into the rovings while 
they are being prepared for spinning. 

There is a little defect in the working of the rovings with reversed twist when too 
much or too little twist is put in them, or when the winding machine is not kept in 
good order. This defect proceeds from the change in the twist of the roving seen at 
A, fig. 1881 *, in this place the twist is not like that at b, and it would in some parU 
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of Uie yarn, be detected under circumstances just described. In cases where double 
XOTiogs are used, the twisters are so arranged as to put the twist in the rovings, 

1881 

A B 


as shown in jig. 1882 ; in this case the reversing place of one roving meets the twisted 
place of the other, and the fault is completely rectified. 

A self-actor, namely a machine in itself, which can bo attached to 2, 3, or oven 4 
mules of alnsiOet any convenient number of spindles is sometimes employed. The 


1882 



mules are previously stripped of all their mechanism, except the rollers and their 
wheels, the carriage and spindles ; all the other movements ordinarily combined with 
the mule are contained in the machine, which is placed between a set of mules, ns 
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seen in Jig, 1883 ; a and h, the self- 
actors, to each of w'hich 3 mules 
are yoked, and which are connected 
by bands and shafts with the self- 
actor, or rather partly self-actor. 
A girl of fifteen or sixteen years 
old stands at x between a and h, 
find never leaves her place except, 
perhaps, for aiding in doffing or in 
banding the spindles. The gear- 
ing of the room acts by means of 
straps upon the machines a and b, 
and from these machines all the 
movements are given to the six 
mules, nam(;ly, the motion of the 
rollers, the spindles, the drawing 
out of the carriage, the after draft, 
&c. Wlien the carriages are to bo 
put up, the girl takes hold of t wo 
levers of the machine a, and by 
moving them in certain proportions, 
acts upon two cones and pulleys, 
and thus causes, in the most easy 
and certfiin manner, the carriages 
to run in and the yarn to bo wound 
on the spindles. The first machine 
made for this purjioso was com- 
pletely self-acting, hut it w^as found 
that the mechanism was more 
complicated and apt to get out of 
order; and as it was necessary to 
have a girl of a certain age to watch 
over the piecers for a certain number 
of mules, the simplified machine 
above described was adopted ; plac- 
ing the girl near these madiinos, 
from whence the whole set of mules 
attached to the same can be over- 


looked ; ae the oeele behind the mules are not wanted in this system, tliis impedi- 
ment to the sight the girl would be removed. 

JBoitarid jPVttme. — ^The simple bastard frame is a throstle with mule spindles, form- 
ifig cops» as seen in Jig. 1884 , and wound so hard tliat they can be handled about 
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without any danger of spoiling them ; in the same dimensions they contain one-1 
more yarn than tlie best cops of self-actors. The machine is extremely simple ; 
with thorn they are not able to spin ad- 
vaiilagoously upon large machines above No. 

20’s. The quantity this machinery produces \ 

is nearly one-third more than the best self- . JC'^K 3 

actor, on an equal number of spindles, and ^ 

the yarn and cops are much superior. Of 

course there is a copping motion connected 

with the machine : tlie winding, however, 

is continuous, ns well as the twisting, and 

Jigs. 188.') and 1886 will give the reader an | 

idea of the frame. The yarn coming from ^ 

the rollers. A, goes through an eye, n, to the wire, c, fixed in the 1 

flyer, D, and from thence on the mule spindle, e : as the spindle ll 

revolves, the flyer is dragged along, and by its centrifugal power i 

winds the yarn tight upon the spindles. / 

SPXRATOR. See Aspibatob. 

SPIRIT OP AIttMOXrZA. The name usually given to the 
solution of ammonia. It should, strictly speaking, be confined to 
the solution in spirit only. See Ammonia. I 

SPIRIT OF SAlbT. See Hydrochlobic Acid. — H V 

SPIRITS OF WIN'S. SeeAncoHon. 

SPIRITS, VINOTTS. See Alcohol, h ermentation, Wine, &c. 

The lievenue produced by spirits in F 

18G8-69 amounted to . . £10,556,218 

1869- 70 „ . . 10,969,188 

1870- 71 M . . 11,463,899 

The Hate of duty in 1870-71 was 10#. the gallon. The quantity 
charged with duty was : — 

Years In England and Wales In Ireland In Scotland 

gals. gals. gals. 

1868- 69 9,056.094 6,762,594 7,111,705 

1869- 70 9,359.946 6,037,684 7,457,599 

1870- 71 9,637,339 6,448,413 7,767,696 ' 


The Quantity distilled during the year : — 


England and Wales 
Scotland . 

Ireland . 


18C8-C9 

gals. 

7,190,380 

12,197,087 

6,010,764 


18C9-70 

gals. 

7,280,088 

13,799,071 

6,599,636 


1870-71 

gab. 

7,576,495 

14,501,983 

8,873,546 


25,398,231 27,678,795 30,952,023 

The Value of British spirits shipped as merchandise, not including ships’ stores : 


Years 

£ 

Years 

£ 

1866 .... 

151,073 

1870 . 

, 183,291 

1867 .... 

289,206 

1871 . 

. 200,570 

1868 . . • . 

267,665 

1872 . 

. 236,186 

1869 .... 

209,953 

1873 . 

. 210,964 

Spirits Imported in 1874 


Proof gals. 

Value 

Rum .... 

, , 

. 8,188,456 

£922,083 

home consumption . 


. 5,194,793 

... 

Brandy 

, , 

. 3,401,838 

1,460,073 

homo consumption . 


. 4,308,816 

... 

Other sorts 


. 2,192,965 

229,872 

home consumption . 

. 

. 1,131,603 

... 


Spirits, British and Irish, Exported in 1874, 1,213,314 gallons; value £151,665< 

SPRINT COA&. Sometimes Splent, A tem, originating in Scotland, and 
applied to a hard and sometimes imperfectly-laminated variety of bitnininou^ coal. 
The name appears to be derived from its splitting (Scot. sj^enHng) np^ into flakes, or 
laminse. The splint coala are a valuable variety, since they bum with great, heati 
and do not cake, . wj.. 
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•MVMk {tipong$^ Er. ; Behwamm, Ger.) Although for a long time it was a 
difpnted point whether the sponge of commerce belonged to the animal or tho veget- 
able kin^om, its animal nature is now well proved, and sponges are regarded as a 
family of animals forming a class by themselves, Porifera or Spongida, 

Tho sponge consists of a soft gelatinous mass, mostly supported by an internal 
skeleton composed of reticularly anastomosing horny fibres, in or among which are 
usually imbedded siliceous or calcareous spicula. Sponges are mostly marine ; tw'o 
or three species only being found in fresh water. In tho living state they possess 
lively colours, and usually grow in groups, upon rock, shells, polypes, crusttieea, 
and occasionally on sea-weeds. The homy fibres forming tho skeletons of sponges 
are cylindrical and variously united, so as to form a network, often of great beauty. 
By dissolving the chalk from the sponge-formed fossil in that formation, many very 
delicate and regular systems of meshes may be obUiined. Some beautiful siliceous 
sponge-skeletons have been brought to this country from tlio Japanese seas. The 
gelatinous substance covering the skeleton of sponges resembles tho sarcode of which 
the Amceba are composed, and appears to consist of minute ‘sponge particles,’ those 
lining the internal chambers being furnished with cilia. During life, by means of 
these, water, entering by the small apertures, or pores, and reaching the channels, is 
expelled in intermittent currents through the large ‘ osciila.’ Sponges are fixed by 
a kind of root, by which they hold firmly to any surface upon which they once fix 
themselves. Sponges may be propagated by division, but more usually by gcmmules, 
which detach themselves from the parent body, and float about until they find a 
fitting resting-place, when they fix themselves and grow. Sponges adhere firmly to 
the rocks or other bodies upon which they grow, and are not to be detached without 
considerable trouble. The inhabitants of tho Grecian Archipelago are trained from 
infancy to dive for these substances. Naturalists distinguish three kinds of sponges, 
each of which is composed of many species, and those form as many groups or divi- 
sions. The genus Spongia, which comprehends the sponges of commerce, is tho type. 
The siliceous sponges, Siltcea, have the body, or gelatinous portion, curiously strength- 
ened with siliceous spicula. The calcareous sponges, Calcarca, have spicula of carbo- 
nate of lime supporting a sub-cartilaginous substance, which is not so soft as the 
coverings of the other sponges. The horny sponges, Cornea^ have no spicula, tho 
body is very porous and elastic, being composed of a fibro-corneous skeleton, tho parts 
of which communicate with each other in all directions. 

The sponges of commerce are obtained from tho Mediterranean, Smyrna being tho 
principal mart. Sponges are treated with muriatic (hydrochloric) acid to remove the 
lime ; they are then dried, well beaten, and again soaked in water, which is frequently 
changed. Very inferior sponges are prepared for the English market by bleaching, 
either iwith hydrochloric acid or chlorine. By this means a very good colour is pro- 
duced, hut the sponge is rendered very rotten. 

An interesting account of the sponge fishery of the Ottoman Archipelago, by 
M. Bilioti, the British Vice-Consul at Rhodes, appeared in the Technologist^ from 
which tho following particulars are abstracted : — ‘ Sponges form the principal 
article of exportation from this district, and a great portion of them is sent to Great 
Britain. There are nearly as many diflPerent qualities of fine, common, and coarse 
eponges a« there are spots of fishery. The sponges in this quarter are known in 
commerce by the names of the respective coasts where tho inhabitiints of the islands 
of the Ottoman Archipelago dive for sponges. These may be divided into five 
categories, besides the ordinary classification of fine, common, and coarse. 

Merchants when they purchase sponges take into consideration tho form, size, and 
colour, the quantity of extraneous matter, such as stones and sand, which come out in 
proportion of their being washed more or less when fished. All this renders the trade 
very difficult, the more so as (with tho exception of Mandruha and Bengazi, which are 
sold at so mudi a piece) the sponges are usually sold in a lump. Latterly the divers 
have offered their sponges for sale without sanding them (finding tliat it was no profit 
to do so), and the merchants again purchase them by weight. 

A Erendi savant, M. Artus, has been experimenting on the bleaching of sponges. 
Some good sponges were well washed in river- water. Whilst still wet, they were 
placed in a bath of six parts water and one part commercial hydrochloric acid, and 
were allowed to remain until all the carbonic acid gas was discharged. They were 
then wmahed ^ain, and alterwaxda strui^ together and immersed in hydrochloric 
acid diluted wi5i 6 per cent of hyposulphite of soda dissolved in water. The vessel 
ww then dosed aid Isft for 48 hours, when the sponges wore taken out, washed and 
dried. M. ArtusllMod uiother experiment in which the quantity of hyposulphite of 
•oda was donlded. In a third experiment the sponges were, on removal from the 
iNMh, treated widi fajdredilortc aoid, aubsequently washed, and then exposed to 
fd^unms acid gas. The ipoi^i however, by each of these processes were not 
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thoroughly bleached, and a fourth method was tried. The sponges were well washed 
in hot diluted soda-lye, then placed in a bath of weak hydrochloric acid and hypo- 
sulphite of soda, using only half the quantity of hyposulphite that was used in the 
first experiment, and a very satisfactory result was thus obtained. 

BPOITTASrilOirs COMBVBTXOXr. Major Majendio has recently (1874) com- 
municated to the Royal Artillery Institute some interesting experiments made by Mr. 
Galletly on tliis subject. It was found that cdtton-waste, soaked in boiled linseed oil 
and wrung out, if exposed to a temperature of 170° Ruhr., oxidised in 105 minutes. 
Raw linseed oil required from four to five hours before igniting ; rape and olive oils 
five to six hours; lard oil four hours; castor oil one day; and, in one trial, olive oil 
ignited in 100 minutes. Sperm oil did not char the waste. His theory is, that the 
oil by being spread and finely divided among the fibres of the waste, has its absorbent 
power towtS’ds oxygen greatly increased, much as a bloom of iron will oxidise rapidly 
in process of manufacture if exposed to the air. It was also found that ignition took 
place more quickly with silk waste than with cotton. A scientific journal, commenting 
on this report, declares that the sperm oil of the experiment must have been atlulterated 
with petroleum, which has a tendency to repress such oxidation, us it has been proved 
by other trials that sperm oil will rapidly absorb oxygen as certainly as other oils ; 
but no case of spontaneous combustion has yet been reported from coal oils. 

Many fires have occurred in woollen and cotton mills from the careless leaving of oily 
waste in warm places, especially during the summer months, and for safety it is 
necessary tliat such waste be removed daily. Shoddy mills, where the rags after 
being oiled are torn into fibre, are especially dangerous, as eitlier from inferior oil 
used, or the adulteration of No. 1 lard oil with the dangerous cotton-seed oil, the 
shoddy often takes fire in the bags before leiiving the works, or soon after reaching 
the mill where it is to be manufactured. Two other causes may aid iii causing such 
fires : packing the material too soon and too tight, and putting on too much oil. The 
latter is a profitable arrangement, and too much practised. The only safety for those 
buying is to examine the heat of each lot as received, and, if possible, open out into 
a pile ; or, if not, lot each bag be slit open and exposed to the air. The Editor of 
this Dictionary was called upon to investigate the causes which led to tlio destruction 
by fire of H.M. ships the ‘ Imogeno ’ and the ‘ Talavera ’ in Devonport dockyard. lie 
traced it, beyond all question, to a large bin, in which, with great carelessness, oil, 
anti-attrition, oakum, and tow, which had been used by the shipwrights and others in 
wiping the oil from their tools after sharpening them, had been allowed to accumulate ; 
and reported to this effect to the Admiralty. 

Spontaneous combustion, arising from the rapid absorption of oxygen by the fixed 
oils, except petroleum, is now attracting much atteniion, and cannot be too much im- 
pressed on the public mind. The recent fire at Portland, Maine, is declared to have 
arisen from the leakjigo of linseed oil, stored alongside of rags. In May last two 
fires, discovered first in the stable, and afterwards in the dwelling of a gentleman at 
Bedford, Pa., were traced directly to rags saturated with linseed oil, which painters 
who had been graining shutters had thrown into corners. At Jamestown, New York, 
a workman, who had been cleaning furniture with linseed oil, threw aside his oily 
apron crumpled together, and in a short time it was found in a state of ignition. 
SPOOir MAXVr ACTUBE. See Stamping of Metals. 

SPBirOS BBEB is prepared as follows : — Essence of spruce, half a pint ; pimento 
and ginger bruised, of each 4 ounces ; hops, from 4 to 3 ounces ; water, 3 gfillons. 
Boil for ten minutes, then strain and add 11 gallons of warm water, a pint of yeast, 
and 6 pints of molasses. Mix and allow the mixture to ferment for twenty hours. 

SPBVCB, BSSBirCB OF. is prepared by boiling the young tops of the Abies 
nigra, or black spruce, in water, and concentrating the decoction by evaporation. 

8TAZBBD OBABS. Under Glass, a general account of the processes for 
colouring glass has been given ; for the manufacture, however, of stained glass for 
windows some special details have been reserved for this place. When certain 
metallic oxides or chlorides, ground up with proper fluxes, are painted upon glass, 
their colours fuse into its surface at a moderate heat and make durable pictures, which 
are frequently employed in ornamenting the windows of churches, as well as of other 
public and private buildings. The colours of stained glass are all transparent, and 
are therefore to be viewed only by transmitted light. Many metallic pigments, which 
afford a fine effect when applied cold on canvas or paper, are so changed by vitreous 
fusion «s to be quite inapplicable to painting in stained glass. 

The glass proper for receiving tliese vitrifying pigments should be colourleayg, uni- 
form, and difficiUt of fusion ; for which reason crown glass, mads^lrith little alkali, 
or with kelp, is preferred. When the design is too large to be contained on a ain^e 
pane, several are fitted together and fixed in a bed of soft cement udiile painting, and 
then taken asunder to be separately subjected to the fire. In arranging the 
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pieces, care must be taken to distribute the joinings, so that tho lead frame-work may 
Interfere as little as possible with the effect. 

A dengn must be orawn upon paper, and placed beneath tho plate of glass ; tliongh 
the artist cannot regulate his tmts directly by his pallet, but by specimens of tlie 
colours producible from his pallet pigments after they are fired. The upper side of tho 
glass being sponged over with gum-water, affords, when dry, a surface proper lor 
receiving the colours, without tho risk of their running irregularly, as they would bo 
apt to do, on the slippery glass. The artist first draws on the plate with a fine pencil 
all the traces which mark the great outlines and shades of the figures. This is usually 
done in black, or at least, some strong colour, such as brown, blue, green, or rod. In 
laying on these the painter is guided by the same principles as the engraver, when he 
produces the effect of light and shade by dots, lines, or hatches ; and ho employs that 
colour to produce the shades, which will harmonise best with the colour which is to be 
afterwards applied ; but for tho deeper shades, black is in general used. When this is 
finished, the whole picture will bo represented in lines or hatches similar to an cngraA’ing 
finished up to the highest effect possible ; and afterwards, when it is diy”, the vir.rifying 
colours are laid on by means of larger liair-pencils ; their selection being regulatisd 
by the burnt specimen tints. When ho finds it necessary to lay two colours adjoining, 
which are apt to run together in the kiln, ho must apply one of them to the back of 
the^ glass. But the few principal colours to bci presently mentioned, are all fast colours 
which do not run, except the yellow, which must therefore bo laid on the opposite side. 
After colouring, the artist proceeds to bring out the lighter oftects by taldng off the 
colour in the proper place, witli a goose-quill cut like a pen without a slit. 
working this upon the glass, ho removes tho colour from tho parts where the lights 
should be the strongest ; such as tho hair, eyes, the reflection of bright surfaces, and 
light parts of draperies. The blank pen may be employed either to make the lights 
by lines, or hatches and dots, as is most suitjiblo to the subject. 

By the metallic preparations now laid upon it, the glass is made ready for being 
fired, in order to fix and bring out tho proper colours. Tho furnace or kiln best 
adapted for this purpose, is similar to that used by enamellors. (See JCnamel, and tho 
Glaze-kiln^ under Pottery.) It consists of a muffle or arch of fire-clay or pottery, so 
set oyer a fire-place, and so surrounded by flues, as to receive a very consideralde lu-at 
within, in the most equable and regular manner; otherwise, some parts of tho ghiss 
will he melted; while, on others, the superficial film of colours w’ill remain unvitrified. 
The mouth of the muffle, and the entry for introducing fuel to the fire, should bo on 
opposite sides, to prevent as much as possible tho admission of dust into tlie mufilt', 
whose mouth should bo closed with double-folding doors of iron, furnished with sm.ill 
peep-holes, to allow the artist to watch the progress of tho staining, and to withdraw 
small trial slips of glass, painted with the principal tints used in the picture. 

The muffle must be made of very refractory fire-clay, flat at its bottom, and only 5 
or 6 inches high, with such an Jirched top as may make the roof strong, and so close 
on all sides as to exclude entirely the smoke and flame. On the bottom of the mulllc 
a smooth bed of sifted lime, freed from water, about l)alf an inch tliick, must be pre- 
pared for receiving the pane of glass. .Sometimes several plates of glass are laid over 
each other with a layer of dry pulverulent lime between eacli. " The fire is now 
lighted, and most gradually raised, lest the glass should be broken ; and aftfT it has 
attained to its full heat, it must be kept for three or four hours, more or less, according 
to the indications of the trial slips ; the yellow colour being principally watclieil, jis it 
is found to be the best criterion of tho stiite of the others. When the coloui s are 
properl y burn t in, the fire is suffered to die away slowly, so as to anneal tho glass. 

STAnrSB aXJL8«-PXO»KBirT8. Flesh colour. an ounce of rod lead, 
two ounces of red enamel (Venetian glass enamel, from alum and copperas cJilcinod 
together), grind them to fine powder, and work this up with spirits (alcohol) upon a 
ha^ stone. When slightly baked, this produces a fine flesh colour. 

"Black colour. — ^Take 14^ ounces of smithy scales of iron, mix them with two 
ounces of white glass (crystal), an ounce of antimony, and half an ounce of manganese ; 
pound and grind these ingredients together with strong vinegar. A brilliant black 
may also be obtained by a mixture of cobalt blue with the oxides of manganese and 
iron. Another black is made from three parts of crystal glass, tw'o parts of oxide of 
comr, and one of (glass of) antimony worked up together, as above. 

Brown coUnar , — An ounce of white glass or enamel, half an ounce of good man- 
ganese; ground together. 

BoHt and Brown colours are made from peroxide of iron, prepared by nitric 
add. The flux consists of borax, sand, and minium in small quantity. 

Sod cdonr may be likewise obtained from one ounce of red chalk pounded, mixed 
.^Wkh two ounces of white hard enamel, and a little peroxide of copper. 

A may ilio be oois|8icd of rust of iron, glass of antimony, yellow glass of lead. 
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such as is used by potters (or litharge), each in little quantity ; to which a little sul- 
^huret of silver is added. This composition well ground, produces a very fine red 
colour on glass. When protoxide of copper is used to stain glass, it assumes a bright 
red or green colour, according as the glass is more or less heated in the furnace, the 
former corresponding to the suboxide, the latter having the copper in the state of 
protoxide. 

Bistres and Brown reds may be obtained by mixtures of manganese, orange oxide 
of copper, and the oxide of iron called umber, in different proportions. They must 
be previously fused with vitreous solvents. 

Green odour, — Two ounces of brass calcined into an oxide, two ounces of minium, 
and eight ounces of white sand ; reduce them to a fine powder, which is to be enclosed 
in a well-luted crucible, and heated strongly in an air-fumace for an hour. When the 
mixture is cold, grind it in a brass mortar. Green may, however, be advantageously 
produced by a yellow on one side, and a blue on the other. Oxide of chrome has 
been also employed to stain glass green. 

A. fine Yellow colour. — Take fine silver laminated thin, dissolve in nitric acid, dilute 
with abundance of water, and precipitate with solution of sea-salt. Mix this chloride 
of silver, in a dry powder, with three times its weight of pipe-clay well burnt and 
pounded. The back of the glass-pane is to be painted with this powder, for when 
painted on the face, it is apt to run into the other colours. 

Another yellow can be made by mixing sulphide of silver with glass of antimony, 
and yellow ochre previously calcined to a red-brown tint. Work all these powders 
together, and paint on the back of the glass. Or silver laminae melted with sulphur 
and glass of antimony, thrown into cold water, and afterwards ground to powder, 
afford a yellow. 

A 'pale yellow may be made with the powder resulting from brass, sulphur, and glass 
of antimony, calcined together in a crucible till they cease to smoke ; and then mixed 
with a little burnt yellow ochre. , 

The fine yellow of M. Merand, is prepared from chloride of silver, oxide of zinc, 
white-clay, and rust of iron. This mixture, simply ground, is applied on the glass. 

Orange colour. — Take 1 part of silver powder, as precipitated from the nitrate of 
that metal by plates of copper, and washed ; mix it with 1 part of red ochre and 1 of 
yellow, by careful trituration ; grind into a thin pap with oil of turpentine or lavender, 
and apply this with a brush, dry, and burn in. 

In the Philosophical Magazine, of December 1836, the anonymous author of an 
ingenious essay, ‘ On the Art of Glass-painting,’ says, that if a large proportion of 
ochre has been employed with the silver, the stain is yellow ; if a small proportion, it 
is orange-coloured ; and by repeated exposure to the fire, without any additional 
colouring-matter, the orange may be converted into red ; but this conversion requires 
a nice management of the heat. Artists often make use of panes coloured throughout 
their substance in the glass-house pots, because the perfect transparency of such glass 
gives a brilliancy of effect, which enamel painting, always’ more or less opaque, cannot 
rival. It was to a glass of this kind that the old glass-painters owed tieir splendid 
red. This is, in fact, the only point in which the modern and ancient processes differ ; 
and this is the only part of the art which was ever really lost. Instead of blowing 
plates of solid red, the old glass-makers (like those of Bohemia for some time back), 
used to flash a thin layer of brilliant red over a substratum of colourless glass ; by 
gathering a lump of the latter upon the end of their iron rod in one pot, covering with 
a layer of the former in another pot, then blowing out the two together into a globe 
or cylinder, to be opened into circular tables, or into rectangular plates. The elegant 
art of tinging glass red by oxide of copper, and flashing it on common crown glass, 
has become general within these few years. 

That gold melted with flint-glass stains it purple was originally discovei^ and 
practised as a profitable secret by Kunckel. Gold has been recently used at Birming- 
ham forgiving a beautiful rose-colour to scent-bottles. The proportion of gold should 
be very small, and the heat very great, to produce a good effect. The glass must 
contain either the oxide of lead, bismuth, zinc, or antimony ; for crown glass will take 
no colour from gold. Glass combined with this metal, when removed from the cru- 
cible, is generally of a pale rose colour ; nay, sometimes is as colourless as water, and 
does not assume its ruby colour till it has been exposed to a low red heat, either under 
a muffle, or at the lamp. This operation must be nicely regulated ; because a slight 
excess of fire destroys the colour, leaving the glass of a din^ brown, but with a green 
transparency like that of gold-leaf. It is metallic gold which ^ves the colour ; and, 
indeed, the oxide is too easily reduced, not to be converted into the metal by the 
intense heat which is necessarily required. 

Coloured transparent glass is applied as enamel in silver and gold h^oxUerie pre- 
viously hright-cxit in the metal with the graver or rose-engine. The cuts, reflecUng 
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tho ATS of light ficom their numerous surfaces, exhibit through the glass, richly 
staioed with gold, silver, copper, cobalt, &c., a gorgeous play of prismatic colours, 
varied with every change of aspect When the enamel is to be painted on, it should 
he made opalescent by oxide of arsenic, in order to produce the most agreeable effect. 

The blues of vitrified colours are all obtained from the oxide of cobalt. Cobalt ore 
(sulphide) being well roasted at a dull red hea^ to dissipate all the sulphur and 
arsenic, is dissmved in somewhat dilute nitric acid, and after the addition of much 
water to the saturated solution, the oxide is precipitated by carbonate of soda, then 
washed upon a filter and dried. The powder is to be mixed with thrice its weight of 
saltpetre ; the mixture is to be defatted in a crucible, by applying a red hot cinder 
to it, then exposed to tbe heat of ignition, washed and dri^. Three parts of this 
oxide are to be mixed with a fiux, consisting of white sand, borax, nitre, and a little 
chalk, Buljected to fusion for an hour, and then ground down into an enamel-powder 
for use. Blues of any shade or intensity may be obtained from the above, by mixing 
it with more or less fiux. 

The beautifhl greenish-yellow, of which colour so many ornamental glass vessels 
have been lately imported from Germany, is made in Bohemia by the following process : 
An ore of uranium, as Vran-ochre^ or tfran-glimmer^ in fine powder, being roasted and 
dissolved in nitric acid, the filtered solution is to be freed from any lead present in it 
by the cautious addition of dilute sulphuric add. The dear green solution is to bo 
evaporated to diyness, and the mass ignited till it becomes yellow. One part of this 
oxide is to be mixed with three or more parts of a flux^ consisting of 4 parts of red lead 
and 1 of ground flint; the whole fused together and then reduced to powder. 

Chrome-green, — Triturate together in a mortar equal parts of chromate of potash and 
flowers of sulphur; put the mixture into a crucible and fuse. Pour out the fluid mass ; 
when cool, grind and wash well with water, to remove the sulphuret of potash and to 
leave the beautiful green oxide of chrome. This is to be collected upon a filter, dried, 
rubbed down along with thrice its weight of a flux, consisting of 4 parts of red lead 
and 1 part of ground flints fused into a transparent glass ; the whole is now to be 
melted and afterwards reduced to a fine powder. 

Violet . — One part of calcined black oxide of manganese, 1 of zaifre, 10 parts of the 
white glass pounded, and one of red lead, mixed, fused, and ground. Or gold purple 
(Cassius’s purple precipitate), with chloride of silver, previously fused with ten times its 
weight of a flux, consisting of ground quartz, borax, and red lead, all melted together. 
Or solution of tin being dropped into a large quantity of water, solution of nitrate of 
silver may be first added, and then solution of gold in aqua regut^ in proper proportions. 
The precipitate is to be mixed with flux and fused. 

0TA1KVZVO OP mTA&B. The peculiar feature of improvement in the 
manu&cture of stamped articles consists in producing the spoon, ladle, or fork perfect 
at one blow in the stamping machine, and requiring no further manipulation of shaping, 
but simply trimming off the barb or fin, and polishing the surface to render the article 
peirfect and finished. 

Formerly, in employing a stamping maeshine, or fly-press, for manufacturing 
spoons, ladles, and forks, it was the practice to give the impression to the handles, 
and to the bowls or prongs, by distinct operations of different dies, and after having 
so partially produced the pattern upon the article, the handles had to be bent and 
famed by the operations of filing and hammering. 

By Mr. Haynes’ improved dies, which, having curved surfaces and bevelled edges, 
allow of no parts of the faces of the die and coimter-die to come in contact, ho is 
enabled to pmooe considerable elevations of pattern and form, and to bring up tlie 
article perfect at one blow, with only a slight barb, or fin, upon its edge. 
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jig. 1889 is a section, taken through the middle of the pair of dies, showing the space 
in which the metal is pressed to form the spoon. 

To manufacture spoons, ladles, or forks, according to his improved process, Mr. Haynes 
first forges out the ingot into flat pieces, of the shape and dimensions of the die of 
the intended article ; and if a s^on or ladle is to be made, gives a slight degree of 
concavity to the bowl part; but, if necessary, bends the back, in order that it may lie 
more steadily and bend more accurately, upon the lower die ; if a fork, he cuts or 
otherwise removes portions of the metal at those parts which will intervene between 
the prongs ; and, having thus produced the rude embryo of the intended article, 
scrapes its entire surface clean and free from oxidation, scale, or flre-strain, when it is 
ready to be introduced into the stamping machine. 

He now fixes the lower die in the bed of the stamping machine, shown at c, n, in the 
elevations /rj's. 1890 and 1891, and fixes, in the hammer h, the upper or counter die, 
c, accurately adjusting them 
both, so that they may corre- 
spond exactly when brought 
together. He then places the 
rudely-formed article above de- 
scribe upon the lower die, and 
having drawn up the hammer 
to a sufficient elevation, by a 
windlass and rope, or other ordi- 
nary means, lets go the trigger, 
and allows the hammer, with 
the counter die to fall upon the 
under die, on which the article 
is placed; when, by the blow 
thus given to the metal, the true 
and perfect figure and pattern 
of the spoon, ladle, or fork is 
produced, and which, as before 
said, will only require the re- 
moval of the slight ed^ng of 
barb, or fin, writh polishing, to 
finish it. 

On striking the blow, in the 
operation of stamping the arti- 
cle, the hammer will recoil and 
fly up some distance, and if 
allowed to fall again with re- 
iterated blows, would injure 
both the article and the dies ; therefore, to avoid this inconvenience, he causes 
the hammer on recoiling to be caught by a pair of palls locked into racks on the 
face of the standards, seen in the figures ; the hammer hy of the stamping machine, 
is seen raised and suspended by a rope attached to a pair of jointed hooks or holders, 
f/, dy the lower ends of which pass into eyes e, c, extending from the top of the 
hammer. When the lever or trigger ty is drawn forward, as in jig. 1890, the two 
inclined planes, on the axle, A, press the two legs of the holders, dy dy inward, and 
cause their hooks or lower ends to be withdrawn from the eyes, when the hammer 
instantly falls, and brings the dies together: such is the o^inary construction of the 
stamping machine. 

On the hammer falling from a considerable elevation, the violence of the blow 
causes it to recoil and bound upwards as before mentioned ; it therefore becomes 
necessary to catch the hammer when it has rebounded, in order to prevent the dies 
coming again together ; this is done by the following mechanism : — 

Two latch- levers, i, t, are connected by joints to the upper part of the hammer, and 
two pall-levers, ky ky turning upon pins, are mounted in the bridge, Z, affixed to the 
hammer. Two springs, w, w, act against the lower arms of these levers, and press 
them outwards, for the purpose of throwing the palls at the lower ends of the levers 
into the teeth of the ratchet racks, n, ?*, fixed on the sides of the upright standards. 

Previously to raising the hammer, the upper ends of the pall-levers, k, are dlttim 
back, and the latches, «, being brought down upon them, as in^. 1890, the levers, Ar, 
are confined, and their palls prevent^ from striking into the slide rac^ ; Imt as ifca 
hammer falls, the ends of the latches, i, strike upon the fingers, e, c, fixing to the side 
standards, and liberate the palls, the lower ends of which, when the hammer reboim^ 
after stamping, catch into the tee^ of the racks, as in jig. 1891, and thereby 
the hammer horn again descending# 
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STAMPS* See DBBSsmo of Ob£s. 

STAmrATB AMD BTAJnrXTB OF FOTABB AJTD SODA. StannateB 
snd Btannites of alkalis are valnable mordants. Tor the stannato of soda, 22 lbs. of 
caustic aoda fure first put into an iron crucible, heated to a low red heat, till the 
hydrate be produced ; to which 8 lbs. of nitrate of soda and 4 lbs. of common salt are 
introduced. When the mixture is at a fluxing heat, 10 lbs. of feathered block-tin are 
added, and it is stirred with an iron rod. The mass now becomes dark coloured and 
pasty, and ammonia is given off (the tin decomposing the water of the hydrated soda 
and part of the nitrate of soda). The stirring is continued, as well as the heat, till 
deflagration takes place, and the mass becomes red hot and pasty. This product is 
stannate of soda. It may be purified by solution and crystallisation. 

Stannite of soda is made by putting 4 lbs. of common salt, 18^ lbs. of caustic 
soda, and 4 lbs. of feathered block-tin into a hot iron crucible over a fire, and stirring 
and boiling to dryness, and as long as ammonia is given off. What remains is stan- 
tiite of SO&. 

To produce the tin-preparing liquour, 3 lbs. of stannate of soda are dissolved in 
1 gallon of boiling water, and S gallons or more of cold water, to bring it to the 
required strength. The stannite of soda is treated in the same way. 

The process of Mr. James Young is much more recent, and presents a very 
beautiful application of science. Instead of reducing metallic tin from the ore, and 
oxidating the metal again to form the stannic acid at the expense of nitric acid, Mr. 
Young tSces the native peroxide of tin itself, and fuses it with soda. The iron and 
other foreign metals present in the ore are insoluble in the alkali, so that by solution 
of the fused mass in water, a pure stannate of soda is obtained at once. It is crys- 
tallised by evaporation, and obtained in efflorescent crystfils containing nine equiva- 
lents of water. 


STABCK (Amidon, Fkcule^ Fr. ; Bt 'drlce^ Ger.) is a white pulverulent substance, 
composed of microscopic spheroids, which are bags containing the amylaceous 
matter. It exists in a great many different plants, and varies in the form and size of 
its microscopic particles. As found in some plants, it consists of spherical particles 
Y^th of an inch in diameter ; and in others of ovoid particles, ^th or ^^th of an 
inch. It occurs : 1. In the seeds of all the acotyledonous plants, among which are 
the several species of corn, and those of other Graminccp,, 2. In the round perennial 
tap roots, which shoot up an annual stem ; in the tuberose roots, such as potatoes, the 
Convolvulus batatas and C. cdulis, the Edianthus Merosits, the Jatropha 'manihot^ &c., 
which contain a great quantity of it. 3. In the stems of several monocotyledonous 
plants, especially of the palm tribe, whence aiigo comes ; but it is very rarely found 
in the stems and branches of the dicotyledonous plants. 4. It occurs in many species 
of lichen. Three kinds of starch have been distinguished by chemists; that of 
wheat, that called inuline, and lichen-starch. These three agree in being insoluble in 
cold water, alcohol, ether, and oils, and in being converted into sugar by either 
dilute sulphuric acid or diastase. The main difference between them consists in their 
habitudes with water and iodine. The first forms with hot water a mucilaginous 
solution, which constitutes, when cold, the paste of the laundress, and is tinged blue 
by iodine; the second forms a granular precipitate, when its solution in boiling-hot 
water is suffered to cool, which is tinged yellow by iodine ; the third affoi’ds, by 
^ling the concentrated solution, a gelatinous mass, with a clear liquid floating over 
it, that contains little starch. Its jelly becomes brown-grey with iodine. 

Ordinary Starch, — ^This may be extracted from the following grains: — Wheat, 
rye, barley, oats, buckwheat, rice, maize, millet, spelt ; from the siliquose seeds, as 
peas, beans, lentiles, &c. ; from tuberous and tap roots, as those of the potato, the 
orchis, manioc, arrow-root, batata, &c. Different kinds of corn yield \’ery varitible 
quantities of starch. Wheat differs in this respect, according to the varieties of the 
plant, as well as the soil, manure, season, and climate. See Buead. 

Wheat partly damaged by long keeping in granaries may bo employed for the 
manufisetnre of starch, as this constituent suffers less injury than the gluten; and 
it may be used either in the ground or un^und state. 

Wwi unground wheat , — ^The wheat being sif^ clean, is to be put into cisterns, 
covered with soft water, and left to steep till it becomes swollen and so soft as to 
be aaiily omshed between the fingers. It is now to be taken out, and immersed in 
clear water of a,tempeTatu]*e equal to that of malting-barley, whence it is to be trans- 
ferred into begs, wuch are placed in a wooden chest containing some water, and 
mosed to etroi^ pressure. The water rendered milky by the starch being drawn 
cif by a tap^ frA water is poured in, and the pressure is repeated. Instead of 
puftliig the awoUen gram into bags, some prefer to grind it under vertical edge- 
sto^ or betwses a of horisontal rollers, and then to lay it in a cistern, and 
the stijehy li^juor elutriation with successive quantities of water well 
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Btirred up with it. The residuary matter in the sacks or cisterns contains much 
vegetable albumen and gluten, along with the husks ; when exposed to fermentation, 
this affords a small quantity of starch of rather inferior quality. 

The above milky liquor, obtained by expression or elutriation, is run into large 
cisterns, where it deposits its starch in layere successively less and less dense ; the 
uppermost containing a considerable proportion of gluten. The supernatant liquor 
being drawn off) and fresh water poured on it, the whole must be well stirred up, 
allowed again to settle, and the surface-liquor withdrawn. This washing should 
be repeated as long as the water takes any perceptible colour. At the first turbid 
liquor contains a mixture of gluten, sugar, gum, albumen, &c., it ferments readily, 
and produces a certain portion of vinegar, which helps to dissolve out the rest of 
the mingled gluten, and thus to bleach the starch. It is, in fact, by the action of 
this fermented or soured water, and repeated washing, that it is purified. After the 
last deposition and decantation, there appears on tlie surface of the starch a thin 
layer of a slimy mixture of gluten and albumen, which being scraped off, serves for 
feeding pigs or oxen; underneath will be found a starch of good quality. The 
layers of different sorts are then taken up with a wooden shovel, transferred into 
separate cisterns, where they are agitated with water, and passing through fine sieves. 
After this pap is once more well settled, the clear water is drawn off, the starchy mass 
is taken out, and laid on linen cloths in wicker baskets, to drain and become partially 
dry. When sufficiently firm, it is cut into pieces which are spread upon other cloths, 
and thoroughly desiccated in a proper dr 3 dng-room, which in winter is heated by stoves. 
The upper surface of the starch is generally scraped to remove any dusty matter, and 
tlie resulting powder is sold in that state. Wheat yields, upon an average, only 
from 35 to 40 per cent, of good starch. It should afford more by skilful management. 

Wif/i ertesM wheat . — In this country, wheat crushed between iron rollers is laid 
to steep in as much water as will wet it thoroughly ; in four or five days the mixture 
ferments, soon afterwards settles and is ready to be washed out with a qiuintity 
of water into the proper fermenting vats. The common time allowed for the steep 
is from 14 to 20 days. The next process consists in removing the stuff from the 
vats into a stout round basket sot across a back below a pump. One or two men 
keep going round the basket, stirring up the stuff with strong wooden shovels, wliile 
another keeps pumping water, till all the farina is completely washed from the bran. 
Wlienever the subjacent back is filled, the liquor is taken out and strained through 
hair-sieves into square frames or cisterns, where it is allowed to settle for 24 hours ; 
after which the water is run off from the deposited starch by plug-traps at diftbrent 
levels in the side. The thin stuff, called slimes, upon the surface of the starch, is 
removed by a tray of a peculiar form. ITresh water is now introduced, and the whole 
being well mixed by proper agitation, is then poured upon fine silk sieves. What 
passes through is allowed to settle for 24 hours ; the liquor being withdrawn, and 
then the slimes, as before, more water is again poured in, with agitation, when the 
mixture is again thrown iipon the silk sieve. The milky liquor is now suffered 
to rest for several days, — 4 or 5, — till the starch becomes settled pretty firmly at the 
bottom of the square cistern. If the starch is to have the blue tint, called Poland, 
fine smalt must be mixed in the liquor of the hist sieve, in the proportion of 2 or 

3 lbs. to the cwt. A considerable portion of these slimes may, by good management, 
be worked up into starch by elutriation and straining. 

The starch is now fit for boxing, by shovelling the cleaned deposit into wooden 
chests, about 4 feet long, 12 inches broad, and 6 inches deep, perforated throughout 
and lined with thin canvas. When it is drained and dried into a compact mass, it is 
turned out by inverting the chest upon a clean table, where it is broken into pieces 

4 or 6 inches square, by laying a ruler underneath the sake, and giving its surface 
a cut with a knife, after which the slightest pressure with the hand will make the 
fracture. These pieces are set upon half-burned bricks, which by their porous capil- 
larity imbibe the moisture of the starch, so that its under surface may not become 
hard and horny. When sufficiently dried upon the bricks, it is put into a stove 
(which resembles that of a sugar-refinery), and left there till tolerably dry. It is 
now removed to a table, when all the sides are carefully scraped with a knife ; it 
is next packed up in the papers in which it is sold; these packages are returned into 
the stove, and subjected to a gentle heat diuing some days; a point which requires 
to be skilfully regulated. 

During the drying, starch splits into small prismatic columns, of considerable regtt* 
larity. When kept dry, it remains unaltered for a very long ^riod. When it 
heated to a certain degree in water, the envelopes of its spheroidal particles Burst, 
and the farina forms a mucilaginous emulsion, magma, or paste. When this apparent 
solution is evaporated to diyness, a brittle, horny-looking substance is obtained, quite 
different in aspect from starch, but similar in chemical habitudes. When the moist pastt 
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M «i^p 086 d for tiro or Uireft montlis to the air in summer, the starch is converted into 
sugar, to tbs amount of ona^thiid or one-half of its weight, into gum and gelatinous 
Bta^ called amidint De Saussure, with occasionally a resinous matter. This 
curious change goes on even in close vessels. 

QUu^firm Potatoes , — The potatoes are first washed in a cylindrical cage formed of 
wooden spars, made to revolve upon a horizontal axis, in a trough filled with water to 
the level of the axis. They ure then reduced to a pulp by a rasping machine, similar 
to that represented infigs, 1892, 1893 ; where is a wooden drum, covered with sheet 

iron, roughened outside with numer- 
ous prominences, made from punching 
out holes from the opposite side. It 
is turned by a winch ^ed upon each 
end of the shaft. The drum is en- 
closed in a square wooden box, to 
prevent the potato-mash from being 
scattered about. The hopper, h, is 
attached to the upper frame, has its 
bottom concentric with the rasp-drum, 
and nearly in contact with it. The 
pulp-chest, c, is made to slide out, so 
as when full to be readily replaced 
by another. The two slanting boards, 
£?, df conduct the pulp into it. A 
moderate stream of water should be 
made to play into the hopper upon 
the potatoes, to prevent the surfece 
of the rasp from getting foul w'ith 
fibrous matter. Two men, with one 
for a relay, will rasp, with such a 
machine, from 2i to 3 tons of potatoes 
in 12 hours. 

The potato-pulp must be now elutriated upon a fine wire- or liair-sieve, wliicli is set 
upon a frame in the mouth of a large vat, while water is made to flow upon it from a 
spout with many jets. The pulp mwmwhile must be stirred and kneaded by the 
liand, or by a mechanical brush-agitator, till almost nothing but fibrous particles are 
left upon the sieve. These, how’ever, generally retain about 5 per cent, of stirch. 
which cannot be separated in this way. This parenchyma should therefore bo sub- 
jected to a separate rasping upon another cylinder. The water, turbid with st^irch, is 
allowed to settle for some time in a back ; the supernatant liquor is then run by a 
cock into a second back, and after some time into a third, whereby the whole stjirch 
will be precipitated. The finest powder collects in the last vessel. The starcli thus 
obtained, cemtaining 33 per cent, of water, may be used either in tlie moist state, 
under thenameof^r«^/«?e^^, for various purposes, as for the preparation of dextrine 
and starch-syrup, or it may be preserved under a thin layer of water, which must be 
renewed from time to time, to prevent fermentation ; or lastly, it may be taken out 
and dried. 

Washing apparatus have been contrived by Lain^, Dailly, Huck, Vernies, Stolz, and 
St. -Etienne. Tliese are contrivances for working very large quantities of potatoes in 
a short time. Hude’s machine is stated to work 30,000 lbs. of potatoes daily, and in 
trials made with St.-Etienne’s rasp and starch machinery, in Paris, which was driven 
by two horses, nearly 18 cwts. of potatoes were put through all the requisite operations 
in one hour, induding the pumping of the water. The product in starch amounted to 
from 17 to 18 per cent, of the potatoes. The quicker the process of potato- starch 
the be&eT is its quality. Ydlker proposed a process of rotting the potato to 
sepKmhe the starch. 

jE U si»flheBtmito have been largely used at Nanterre, near Paris, in the manufac- 

time of rtwch. 

In the maniifretnre of potato-starch, a considerable quantity of the product is 
lost, ewlng to the strong affinity which the starch has for the fibre of potato. 
M. Antlm stated smne years ago that the manufacturer obuins only two-thirds of 
the star^ the remainder being left in the pulp. He suggested that this third may 
be ntiHiid, by oeoveirtiiig it into sugar by means of either malt or dilute sulphuric 
eamiloyisig 10 per cent the acid to the diy fibre, the saccharification is 
conralets in ehwt two honra and a hidf ; but if only 8 or 4 per cent, of acid is used, 
^ boS^ mnit be oontumad for at least 6 hours. Ten per cent, of malt effected the 
eentmdow' ia 6 hours. Calvert has ^ven the following analysis of the potato : — 
Hitm. 74 : sfesidi. 20 : the remain^ b^ng ffbrous, earthy, and alkaline matters* 
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Starch from certain foreign plants, — 1. From the pith of the Sago Palm, See Sago. 

2. From the roots of the Maranta amndineusea, of Jamaica, the Bahamas, and other 
West India Islands, the powder called arrow-root is obtained, by a process analogous 
to that for making potato-starch. See Aerow-boot. 

3. From the roots of the manioc, which also grows in the West Indies, as well as in 
Africa, the cassava is procured, by a similar process. The juice of this plant is 
poisonous, from which the wholesome starch is deposited. When dried with stirring 
upon hot iron plates, it agglomerates into small lumps, called tapioca ; being a gummy 
fecula. See Cassava. 

The characters of the different varieties of starch can be learnt only from micro- 
scopic observation ; by which means also their sophistication or admixture may bo 
readily ascertained. 

Starch, from whatever source obtained, is a white soft powder, which feels crispy, 
like flowers of sulphur, when pressed between the fingers ; it is destitute of taste and 
smell, unchangeable in the atmosphere, and has a specific gravity of 1-53. 

For the saccharine changes which starch undergoes by the action of diastase, see 
Fermentation. 

Lichmine, a species of starch obtained from Iceland mos^ {Cetraria islandica), as 
well as Iniilive, frOm elecampane {Invla Hdenium), are rather objects of chemical 
curiosity than of manufactures. See Lichens. 

There is a kind of starch made in order to be converted into gum for the calico- 
printer. This conversion having been first made upon the groat scale in this country, 
has occasioned the product to be called British gum. The following is the process 
pursued in a large and well-conducted establishment near Manchester : — A range of 
four wooden cisterns, each about 7 or 8 feet square and 4 feet deep, is provided. 
Into each of them 2,000 gallons of water being introduced, 12^ loads of flour are 
stirred in. The mixture is set to ferment upon old leaven left at the bottom of the 
backs, during 2 or 3 days. The contents are then stirred up, and pumped off into 
3 stone cisterns, 7 feet square and 4 feet deep ; as much water being added, with 
agitiition, as will fill the cisterns to the brim. In the course of 24 hours the starch 
forms a firm deposit at the bottom ; and the water is then syphoned off. The gluten 
is next scraped from the surface, Jind the starch is transferred into wooden boxes, 
pierced with holes, which may be lined with coarse cloth, or not, at the pleasure of 
the operator. 

The starch, cut into cubical masses, is put into iron trays, end set to dry in a large 
apartment, two stories high, heated by a horizontal cylinder of cast iron traversed by 
the flame of a furnace. The drying occupies two days. It is now ready for con- 
version into gum, for which purpose it is put into oblong trays of sheet iron, and 
heated to the temperature of 300^ Fahr. in a cast-iron oven, which holds four of these 
trays. Here it concretes into iiTegular semi-transparent yellow-brown lumps, which 
are ground into fine flour between mill-stones, and in this state brought -to tJie 
market. In this roasted starch, the vesicles being burst, their contents become 
soluble in cold water. British gum is not convertible into sugar, as starch is, by the 
action of dilute sulphuric acid ; nor into mucic acid, by nitric acid ; but into the 
oxalic ; and it is tinged purple red by iodine. It is composed, in 100 parts, of 36*7 
carbon, 6-2 hydrogen, and 68’ 1 oxygen; while starch is compo.sed of 43*5 carbon, 
6*8 hydrogen, and 49*7 oxygen. See Dextrine. 

Manufacture of Starch from Bice, ^c. — Starch prepared from rice or maize by alkali 
is said not to require boiling — a point of great importance in its use; and, being less 
hygrometric than wheat-starch, retains a more permanent stiffness and glazo. The rough 
starch obUiined in the process is valuable for feeding purposes, and for stiffening coarse 
fabrics. 

Pig. 1894 represents in section the powerful and ingenious mechanical grater, or 
rasp {rdpe), now used in France, a a is the canal, or spout, along which the 
previously well-washed potatoes descend ; bb \s the grater, composed of a -wooden 
cylinder, on whose round surface circular saw rings of steel, with short shaip teeth, 
are planted pretty close together. The greater the velocity of the cylinder, the 
finer is the pulp. A cylinder 20 inches in diameter revolves at the rate of from 600 
to 900 times a minute, and it will convert into pulp from 14 to 16 hectolitres (about 
300 imperial gallons) of potatoes in an hour. Potatoes contain from 16 to 22 percent, 
of dry fecula. The pulp, after leaving the rasp, passes directly into the apparatas 
for the preparation of the starch, c is a wooden hopper for receiving the falling 
pulp, with a trap-door, d, at bottom, k, is Uie cylinder-sieve of M. St-Etienne ; /, a 
pipe ending in a rose-spout, which delivers the water requisite for washing the 
and extracting the starch from it ; g g^ ^ diaphragm of wire-cloth, with ssm^ 
meshes, on which the pulp is exposed to the action of the brashes, i f, moving 
great speed, whereby it gives out its starchy matter, which is thrown out by a 
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uapeaetaxe into the epout n. The fecul& now falls upon a second wel) of fine wire- 
cloth, and leaves upon it merely some fragments of the piironchyma or cellular 
matter of the potato, to be turned out by a side opening in the spout, a. The sifting 
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or straining of the starch likewise takes place through the sides of the cylinder, which 
consists also of wire-cloth ; it is collected into a wooden spout, m, and is thence con- 
ducted into the tubs o o, to bo deposited and washed. is a mitre- toothed wheel- 
work, |>Uced on the driving-shaft, and gives motion to the upright axis or spindle, 
q q, which turns the brushes, i, i. 

BTMMOmXMU AND Steam-drying Apparatus. For a description of these pro- 
cesses, and of the machinery for accomplishing them, see Bleaching and Calico- 
Printino. 

mTJLTUAXT POROaUZir. See Pottery. 

STSAIC is water in its vaporiform state. The varied and important applications 
of steam as a mechanical power would appear to render a consideration of its laws of 
the utmost importance. The circumstance that our spinning and weaving machinery, 
our pumping^engines, our ships, our carriages, our hammers, our lathes, and our 
presses, are all moved by this power, seems to demand a full consideration of steam 
in a work devoted to Arts, Manufactures, and Mines, into each division of which it 
enters as an important element. But the limits assigned to the entire work renders it 
impoMible to tz^t in any way commensurate with its importance this great mechanical 
power. It is, therefore, thought advisable to confine attention to a few general and 
well-established principles only. For e^dal information on the subject, the reader is 
referred to W. J. Macquom-Bankine’s * Manual of the Stoam-Eugino ; ’ Tredgold * Ou 
the Steam-E^ne ; * Be Pambour ‘ On the Theopr of the Steam-Engine,’ and ‘ On the 
Locomotavs ’ Arago 8wr Us Machines d Vapeur ; Eegnault’s papers in the 

MhmoUvs and Uendus of the Academy of Sciences, &c. 

Steun is « chemical compound of oxygen and hydro^n, in the proportion of 8 
parts by of oxygen, to 1 of hydro^n. Its composition by volume is such, that 

the quantity of steam which, if it were a perfect gas, would occupy 1 cubic foot at a 
given prescnxs and temperature, contains as much oxygen as would, if uncombined, 
oooiipy half a enbio foo^ and as much hydrogen as would, if uncombined, occupy 1 
anbie iMt, ab the aame prcaanrs and temperature ; so that steam, if it were a perfect 
pit ipoald ooeiqiy two*thizds the space which its constituents occupy when uncom- 
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l)ined. Hence is deduced the following composition of the weight of one cubic foot of 
steam would hare at the temperature of 32° Fahr., and pressure of one atmosphere 
(or 14*7 lbs. on the square inch), if steam were a perfect gas, and if it could exist at 
the pressure and temperature stated. 

Data from the Exj^ments of Degnafdt. 


Half a cubic foot of oxygen at the pressure of one atmosphere b. 

and temperature, 32° 0*044628 

1 cubic foot of hydrogen ....... 0*005592 

1 cubic foot of steam in the ideal state of perfect gas, at one 
atmosphere and 32° 0*050220 


If steam were a perfect gas, the weight of a cubic foot could be calculated for any 
given pressure and temperature by the following formula : — 

Weight of a cubic foot = 0*05022 lb. x pressure in atmosphere a=r 

493*02 

Temp. + 4*61°2 

For example, at one atmosphere of pressure, and 212°, the weight of a cubic foot of 
steam would be : 

0-05022 x 12|I^=0-03679 lb. 

But steam is known not to be a perfect gas ; and its actual density is greater than that 
which is given by the preceding formula, though to what extent is not known by 
direct experiment. The most probable method of indirectly determining the density 
of steam, is by computation from the latent heat of evaporation, from which it appears 
that at one atmosphere and 212°, the weight of a cubic foot of steam is probably 
0*03679 lb. The greatest pressure under which steam can exist at a given temperature 
is called the pressure of saturation for steam of a given temperature. The tempera- 
ture is called the boiling point of water under the given pressure. The pressure of 
saturation is the only pressure at which steam and liquid water can exist together in 
the same vessel at a given temperature. 

It becomes necessary to understand correctly the method of determining fixed 
temperatures by certain phenomena taking place at them. Thus ice begins to melt 
at a point, which we call the freezing point, marked 32° upon the scale devised by 
Fahrenheit (see Thkkmometeb), and we determine the boiling point of water to be 
212° on the same scale, under the average atmospheric pressure of 14*7 lbs. on the 
square inch ; 2116*4 lbs. on the square foot; 29*992 inches of the column of mercury. 
At this latter point water ceases to be liquid^ and becomes vaporiform. From 32° to 
212°, all the heat which has been poured into the water has effected no change 
of physical condition, but the higher temperature being reached, a new condition is 
established, and steam is produced ; this stetira then beginning to act according to 
certain fixed laws. 

A cubic inch of water evaporated under the ordinary atmospheric pressure is converted 
into a cubic foot of steam, 

A cubic inch of water evaporated under the atmospheric pressure gives a mechanical 
force equal to what would raise a ton weight erne foot high. 

These are the effects produced at 212° under the above-named pressure. 

Careful experiments have determined, within very small limits of error, the 
following facts : — Steam under pressure of 35 lbs. per square inch, and at the tem- 
perature of 261°, exerts a force equal to a ton weight raised one foot; under the 
pressure of 15 lbs. and at the temperature of 213°, it is 2,086 lbs., or about seven per 
cent, less ; and under 70 lbs. and at 306° it is 2,382 lbs., or nearly six and a half per 
cent, more than a ton raised a foot. It is sufficient for all practical purposes to assume 
t^t each cubic inch evaporated, whatever be the pressure, develops a gross mechanical 
effort equivalent to a ton weight raised one foot. 

As a given power is produced by a given rate of evaporation, to determine this the 
following rules are applicable : 

To produce the force expressed by one horse-power, the evaporation per minute 
develop a mechanical force equal to 33,000 lbs., or about 15 tons raised 1 foot 
high. Fifteen cubic inches of water would accordingly produce this effect, which, 
■mthout evaporation, would be equivalent to 900 cubic inches per hour. To find, 
therefore, the gross power developed by a boiler, it would be only necessary to di'nde 
the number of cubic inches of water evaporated per hour by 900. If, therefore, 
to 900 cubic inches be added the quantity of water per hour necessary to more the 
engine itself, independently of its load, we shall obtain the quantity of water pe^ hoW 
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irlii(i& nnufc be supplied by Uie boiler to the engine for each horse-power, and this will 
be the s ame whatever may be the magnitude or proportions of the cylinder. 

#mASB SOlUBM* Bid space allow of our entering on a consideration of this 
important subject, which it does not, it would not properly fall within the scope of 
this Dictionary : wo therefore refer to the Dictionary of Engineering, and to Mr. W. 
Fairbi^’s papers in the ‘ Transactions of the Koyal Society.’ 

SnULMMnmnk Steam-engines are di'vdded into condensing and non-con- 
densing, corresponding with those which are worked by steam at high-pressure and at 
low-pressure respectively. The form of the engine is varied according as it is a 
stationary^ a loconiotive^ or a marine engine.* For descriptions of the various forms, 
the reader must be referred to special treatises upon the subject, such as Rankine 
* On the Steam-Engine.* 

•TSAltlO ACB. {Talgsaurc,Qev.) Chevrcul’s discoveiy of the constitution 
of fats, led to the present processes for the manufacture of stearic acid. The original 
experiments were published in 1823, and Gay-Lussac, with Chevreul in 1825, took 
patents for the manufacture of fatty acids. Pure stearic acid is prepared, according 
to its discoverer, Chevreul, in the following way : — Make a soap by boiling a solution 
of potash and mutton-suet in the proper equivalent proportions ; dissolve one part of 
that soap in 6 parts of hot water, then add to the solution 40 or 60 parts of cold water, 
and set the whole in a place whose temperature is about 62° Fahr. A substance 
falls to the bottom, possessed of pearly lustre, consisting of the bi-stearate and 
bi-maigarate of potash; which is to be drained and washed upon a filter. The 
filtered liquor is to be evaporated, and mixed with a small quantity of acid necessary 
to saturate the alkali left free by the precipitation of the above bi-salts. On adding 
water to it afterwards, the liquor aSb^s a fresh quantity of bi -stearate and bi-mar- 
garate. By repeating this operation with precaution, we finally arrive at a point 
when the solution contains no more of these solid acids, but only the oleic. The pre- 
cipitated bi-salts are to be washed and dissolved in hot alcohol, of specific gravity 
0*820, of which they require about 24 times their w’eight. During the cooling of the 
solution, the bi-stearate falls down, while the greater part of the bi-margarate, and tho 
remainder of the oleate, remain dissolved. By repeatedly dissolving in alcohol, and 
crystallising, the bi-stearate will be obtained alone, as may bo proved by decomposing 
a little of it in water at a boiling heat, with muriatic acid, letting it cool, washing the 
stearic acid obtained, and exposing it to heat, when, if pure, it will not fuse in water 
under the 158th degree of Fahrenheit’s scale. K it melts at a lower heat, it contains 
more or less margaric acid. The purified bi-stearate being decomposed by boiling in 
water along with any acid, as the muriatic, the disengaged stearic acid is to bo washed 
by malting in water, then cooled and dried. 

Stearic acid, prepared by the above process, contains combined water, from which 
it cannot be freed. It is insipid and inodorous. After being melted by heat, it soli- 
difies at the temperature of 168° Fahr., and affects the form of white brilliant needles 
grouped together. It is insoluble in water, but dissolves in all proportions in boiling 
anhydrous alcohol, and on cooling to 122°, crystallises therefrom in pearly plates ; but 
if the concentrated solution be quickly cooled to 112°, it forms a crystalline mass. A 
dilute solution aflTords the ciystallised acid in large white brilliant scales. It dissolves 
in its own weight of boiling ether of 0*727, and crystallises on cooling in beautiful 
scales, of changing colours. Its distils over in vacuo without alteration ; but if tho 
retort contains a little atmospheric air, a small portion of the acid is decomposed 
during the distillation ; while the greater part passes over unchanged, but slightly 
tinged brown, and mixed with traces of empyreumatic oil. When heated in the open 
air, and l^^ed, stearic acid burns like wax. By analysis it is found to contain in 
lOOparts, carbon 76*6, hydrogen 12*6, and oxygen 11*8, which agrees with the formula 
Stearic acid displaces, at a boiling heat in water, carbonic acid 
from its combinations with the bases ; but in operating upon an alkaline carbonate, 
a portion of the stearic acid is dissolved in the liquor before the carbonic acid is 
espied. The decomposition is founded upon the principle, that the stearic acid 
tiansfbrms the salt into a bicarbonate, which is decomposed by the ebullition. 

Of late years lime has been had recourse to, with perfect success, and has become 
subservient to a great improvement in candle-making*. Lime was first successfully 
by De Milley in 1881. The stearine block now made by many London houses, 
though containing not more than 2 or 8 per cent, of wax, is hardly to be distinguished 
from the purified produce of the bee. The first process is to boil the fat with quick- 
lime end water in a large tub by means of perforated steam-pipes distributed over its 
bottom. About 11 parts of dnr Ume are fully equivalent to 100 of stearine and oleine 
mixed ; but as the hme is in the state of hywte, 14 parts of it will be required when 
it is p^ecriy pore ; in the ordinary state, however, as made from average good lime- 
iUme, 16 parts may be allowed. Alter a vigorous ebullition of 3 or 4 hours, the 
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combination is pretty complete. The stearate being allowed to cool to such a degree 
as to admit of its being handled, becomes a concrete mass, which must be dt^ oat with 
a spade, and transferred into a contiguous tub, in order to be decomposed with the 
equivalent quantity of sulphuric acid dilated with water, and also heated with steam. 
Four parts of concentrated acid will be sufficient to neutralise 3 parts of slaked lime. 
The saponified fat now liberated from the lime, which is thrown down to the bottom 
of the tub in a state of sulphate, is skimmed off the surface of the watery menstruum 
into a third contiguous tub, where it is washed with water and steam. 

The washed mixture of stearic, margaric, and oleic acids, is next cooled in tin pans ; 
then shaved by large knives fixed on the face of a fiy-wheel, called a tallow-cutter, 
preparatory to its being subjected in canvas or caya bags to the action of a powerful 
hymraulic press. Here a large portion of the oleic acid is expelled, carrying with it a 
little of the margaric. The pressed cakes are now subjected to the action of water and 
steam once more, after which the supernatant stearic add is run off, and cooled in 
moulds. The cakes are then ground by a rotatory rasping-machine to a sort of mealy 
powder, which is put into canvas bags, and subjected to the joint action of steam and 
pressure in a horizontal hydraulic press of a peculiar construction, somewhat similar 
to that which has long been used in London for pressing spermaceti. The cakes of 
stearic acid thus freed completely from the margaric and oleic acids, are subjected to 
a final cleansing in a tub with steam, and then melted into hemispherical masses called 
‘ blocks.’ When these blocks are broken, they display a highly crystalline texture, 
which would render them unfit for making candles. This texture is therefore broken 
down or comminuted by fusing the stearine in a plated copper pan, along with one- 
thousandth part of pulverised arsenious acid, after which it is ready to be cast into 
candles in appropriate moulds. See Candle. 

Moinier and Boutigny introduced a process by which the production of stearic acid 
has been considerably increased. Two tons of tallow and 900 gallons of water are 
introduced into a large rectangular vat of about 270 feet capacity. The tallow is 
melted by means of steam admitted through a pipe coiled round the bottom, and the 
whole kept at the boiling point for an hour, during which a current of sulphurous acid 
is forced in. At the end of this period 6 cwts. of lime, made into milk with 350 gallons 
of water, are added. The mixture soon acquires consistency, and becomes frothy and 
viscid. The whole is now agitated, in order to regulate the ebullitions and prevent 
the sudden swelling up of the soapy materials. The pasty appearance of the lime 
soap succeeds, and it then agglomerates into small nodular masses. The admission of 
sulphurous acid is now stopped ; but the injection of the steam is continued until the 
small masses become hard and homogeneous. The whole period occupies eight hours, 
but the admission of sulphurous acid is discontinued at the end of about three hours. 
The water containing the glycerine is run off through a tube into cisterns prepared to 
receive it. The arrangements for producing sulphurous acid are retorts into which 
are put sulphuric acid and pieces of wood ; upon the application of heat the sulphurous 
acid passes off, and is conveyed by leaden pipes into the vessel containing the tallow. 
The lime-soap formed is then moistened with 12 cwts. of sulphuric acid at 152° Fahr., 
diluted with 50 gallons of water. The whole is thoroughly agitated, and the steam 
cautiously admitted, so as not to dilute the acid too much until the decomposition is 
general at all points. This occupies about three hours, and in two or three hours 
more the sulphate of lime has collected at the bottom, while the fatty acids are 
floating on the surface of the solution of the sulphate of lime. Several processes of 
washing with steam and water are necessary to ensure the removal of the sulphate of 
lime, &c., and after settling for four hours, the fatty acids are forced through a fixed 
syphon into a vat, where they are again washed with water ; they are then syphoned 
at last into a trough lined with lead, on the bottom of which are placed leaden gutters 
pierced below by long pegs of wood. The fatty acids are then placed in cloths, and 
subjected to pressure in the stearine cold press as described below. 

It is important for the fatty acids to cool slowly, for thus the confused crystallisation 
is prevented, and the expulsion of the oleic acid facilitated. When the cakes are 
solid they are placed between sacks of horse-hair, and submitted to a second pressure 
at high temj^rature. The whole is covered with oil-skin, and the temperature raised 
to 168°‘5 Fahr., when pressure is applied. The heat slowly falls to 113° Fahr., and 
ultinmtoly reaches 96° to 80° Fahr. This operation lasts about an hour. The cakes of 
stearic acid are sorted according to colour and transparency, and about 20 cwts. ara 
then introduced into a vat constructed of wood lined with sheet-iron. This is boiled 
by means of steam admitted through a leaden pipe, which is afterwards employed in 
heating a stove. Water acidulated is first employed, and afterwards pore water*-. 
When the materials are boiling, the whites of twenty-two eggs are inti^uced, and 
the albumen is intimately mixed by the violent ebullition. As soon ss the albaaisii 
is cosgulatecl, the whole is allowed to cool, and the stearic acid is removed to 
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apartment, where it is kept in a state of agitation to prevent the formation of crystals, 
am allow the cooling to be as gradual as possible. It is now fit for candles. 

Hie cold hydraulic press, as mounted by Messrs. Maudslay and Field, for squeezing 
out the oleic add from saponified fat, or the oleine from cocoa-nut lard, is represented 


Scale of 3-20Ms of an ii%ch to the foot. 



in plan in fig, 1896, in side view of pump iii fig, 1806, and in elevation, fig. 1897, 
where the same letters refer to like objects. 

A, A, are two hydraulic presses ; n. the frame; c, the cylinder; i>. the piston or 
ram ; s, the follower : f, the recess in the bottom to receive the oil : g. twilled woollen 


1896 



bags, with the material to be 
pressed, having a thin plate of 
wrought iron between each ; H, 

! apertures for the discharge of the 
oil ; 1 , cistern in which the pumps 
are fixed ; k, framing for machi- 
nery to work in ; l, two pumps, 
large and small, to inject the water 
into the cylinders ; m, a frame 
containing three double l>ranchcs ; 
N, three branches, each having two 
stops or plugs, by which the action 
of one of the pumps may be in- 
tercepted from, or communicated 
to, one or both of tlie presses; 
the largo pump is worked at the 
beginning ot the operation, and 
the small one towards the end ; by 
these branches, one or both presses 
may be discharged when the o] )ei a- 
tion is finished ; o, two pipes from 

' the pumps to the hranclies ; p, 

pipe to return the water from 


the ^'ttden to the cietems ; a, pipes leading from tlio pumps through the branches 
to the cylindem; b, conical drum, fixed upon the main shaft y, driven by the 
•team-eogine of the fSactory ; s, a like conical drum to work the pumps ; t, a narrow 
foather etmp to oommnnicate the motion from b to s ; r, a long screw bearing a nut, 
which works along the whole len^ of the drum ; v, the fork or guide for moving the 
stnm T ; W, w, two hanging bearings to cany the drum s ; x, a pulley on the spindle 
of the dram s ; t, the main shaft ; z, fiy-wbeel with groove on the edge, driven by the 
f uQey X ; on the azii of s, is a double crank, which works the two pumps l. a is a 
pulley on the end of the long screw, u ; an endless cord passes twice round this pulley, 
and under a pulley fixed in the weight, b ; by laying hold of both sides of tliis cord, 
and raising lowering it, the forked guide v, and the leather strap t, are moved back- 
^Mds or forwaids, by means of the nut fixed in the guide, so as to accelerate or re- 
Iwd at pleasure the speed of the working of the pumps ; c is a piece of iron, with 
* ro t, in which a pin, attached to the fork v, travels, to keep it in the vertical 
PMViillk 
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The accompanying jig, 1898, is a view both of the exterior and the interior 
of the saponifying tun of a stearine factory ; where the constituents of the tallow are 


1807 



combined with quicklime, by the intervention of water and steam : a is the upright 
shaft of iron, turned by the bovcl-wheel above, in gear with another bevel-wheel on 
the moving shaft, not shown in 

this figure. This upright shaft 1898 

bears several arms, furnished 
with large teeth. The tun is 
bound with strong hoops of iron, 
and its contents are heated by 
means of a spiral tube laid on 
the bottom, perforated with nu- 
merous holes, and connected by a 
pipe with a high-pressure steam- 
boiler. 

Fig. 1899 (next page) repre- 
sents a longitudinal section of the 
horizontal hydraulic press for de- 
priving stearic acid, as also sper- 
maceti, of all their fluid oily impu- 
rities. a is the cylinder of the 
press ; the ram or piston ; d d, 
iron plates previously heated, in- 
closing hair and flannel bags and 
placed between every two cakes to 
facilitate the discharge of their 
oily matter ; c, e, solid iron end of 
the press, made to resist great pres- 
sure ; it is strongly bolted to the 
cylinder < 1 , so as to resist the force 
of the ram ; g, g^ are rods for 
bringing back the ram h into its place after the pressure is over, by means of counter 
weights suspended to a chain, which passes over the pulleys A, h ; t, t, a spout and 
a sheet-iron pan for receiving the oily fluid. 

STSAJUn (from Gr. trriap^ stearj * tallow*). The solid portions of fiits are known 
by this term, the fluid portions being called olmet from daion, ‘ oil,* U 
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tallow bo disBOlFed in about eight times its weight of ether, on cooling the oleine 
alone zemains diseolyed, the stearine crystallises, and can he rendered absolutely pure 


1899 



by washing with ether. Stearine is a solid transparent substance, easily reduced to 
powder. At one time stearine was an object of manufacture ; but the production of 
stearic acid has superseded it. 


We Imported in 1873 the following quantities of Stearine and Tallow : — 



Cwts. 

Value 



£ i 

From Eussia 

210.009 

448,118 1 

„ Holland 

6,779 

20.224 

,, France ; 

7,019 

21,331 

,, United States of America . . . i 

493,138 

1,012,102 

„ Brazil 

33.134 

67.808 

„ Uruguay I 

144,860 

303,962 

Aigentine Eepublic . . . . ? 

319,918 

661,999 

,, Australia | 

290,107 

680,829 

„ British North America 

11,937 

23,517 i 

„ Other countries . . . . ' 

10,400 

22,623 i 

! 

Total . , . . I 

1,627,321 

3,162,413 1 


sTBATxra, or Soapstone (Speckstcin, Ger.), i.s a massive variety cjf tale. It has 
a greyish-white or greonish-whit-e colour, ofuru marked with dendritic delineations, 
and occurs massive; it has a dull or fatty lustre; a coarse splintery fracture, with 
translucent edges ; a shining streak ; it writes feebly ; is soft, and easily cut with a 
knife, but somewhat tough ; does not adhere to the tonp^ue ; feels very greasy ; in- 
fusible before the blowpipe ; specific gravity from 2 ’6 to 2 '8. It is found frequently in 
small contemporaneous veins traversing serpentine in all directions, as at Portsoy in 
Shetland, in Uie limestone of Jcolmkiln, in the serpentine of Cornwall, in Anglesey, 
in Saxony, Bavaria (at Bayreuth), Hungary, &c. The chemical composition of steatite 
is silica 62*14, magnesia 32*92, water 4*94, being sometimes contaminated with and 
coloured with a little iron, manganese, or chrome. It is occasionally used in the 
manufacture of porcelain. It makes the biscuit semi-transparent, but rather brittle, 
and apt to crack with slight changes of heat. It is employed for polishing serpentine, 
marble, gypseous alabaster, and mirror-glass ; as the basis of cosmetic jx>wder ; and 
as an ingi4dient in anti-attrition pastes, sold under the name of French Chalk ; it 
is dusted iu powder upon the inside of boots, to make the feet glide easily into them ; 
when rubbed upon grease-spots in silk and woollen clothes, it removes the stains by 
absoiption ; it enters into the composition of certain crayons, and is used itself for 
making traces upon glass, silk, &c. The spotted steatite, cut into cameos and cal- 
cined, assumes an onyx aspect. Soft steatite forms excellent stoppers for tlie chemical 
apparatus used iu distOling or subliming corrosive vapours. Lamellar steatite is talc 
p w Talc. 

■VWUU {Jeier^ Pr. ; Ger.) is a carburet of iron, more or less freed from 

^ottaga matter, and may be p^ucra by two processes opposed to each other : first, 

irocktcg pig-iron, whieh eoutaius 4 to 6 per cent, of carbon, in a suitable furnace, 
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until such carbon is reduced to the quantity required for constitutinff steel, which is 
about 1 per cent. ; the second method is to heat iron bars in contaCT with charcoal, 
until they have absorbed that quantity of carbon which may be required. 

Steel may be classed into three kinds : 

1 8t. Natural steel, which is manufactured from pig-iron direct. 

2nd. Cemented or converted steel, which is produced by the carbonisation of 
wrought iron. 

3rd, Cast-steel which is produced by the fusion of either natimal or cemented steel, 
but principally from the latter. 

The various kinds of iron which are used for the manufacture of stool "wore formerly 
imported from Sweden, Norway, and Bussia ; but the high price of Swedish and other 
.steel-iron has compelled the consumers to look elsewhere for a supply of suitable iron, 
and to offer every encouragement to English manufacturers so to improve their 
8teol-iron.s as to render them suitable for the production of steel. 

England now furnishes a large quantity of iron suitable for steel purposes, which 
may be estimated at 20,000 tons per annum ; this iron is manufactured with great 
care, often with an iidmixture of charcoal pig-iron, and various chemical reagents, 
which are added at the caprice of each manufacturer. 

It is of the highest importance that the iron used for steel purposes should be as 
pure as possible ; those irons which have long enjoyed the highest reputation are manu- 
factured from the Dannemora ores in Sweden ; the whole of the steel-irons produced 
in that country are smelted from the magnetic and red oxides containing usually 60 
per cent, of metal. 

Natural or German steel is so called because it is produced direct from pig-iron, 
the result of the fusion of the "spathose iron ores alone, or in a small degree mixed 
with the brown oxide. This crude-iron contains 4 to 5 per cent, of carbon and 4 to 6 
per cent, of manganese. Karsten, Hassenfratz, Marcher, and Reaumur, all advocate 
the use of grey pig-iron for the production of steel ; indeed th(‘y distinctly state that 
the best qualities cannot be produced without it ; they sbite that the object of working 
it in the furnace is to clear away all foreign matters, but there can be no advantage 
gained by retaining the carbon and retaining it with the iron. The theory is incor- 
rect, although it is supported by such high authorities. Grey-iron contains the maxi- 
mum quantity of carbon, and consequently remains for a longer time in a state of 
fluidity than iron containing less carbon ; the metal is not only mixed up with the 
foreign matter it may itself contain, but also that with which it may become mixed in 
the furnace in which it is worked. This prolonged working, which is nece.ssary in 
order to bring highly-carbonised metal into a malleable state, increases the tendency 
to produce silicatod oxides of iron ; which mixing with the steel produced renders it 
‘ red short,’ and destroys many good qualities which the pig-iron may have originally 
possessed. In Austria, where a large quantity of natural steel is produced, the fluid 
metal is topped from the blast-furnace into a round bole ; water is sprinkled on the 
surface which chills it, and thus forms a cake about half an inch thick. This is taken 
from the surface, and the operation is again performed until the whole is formed into 
cakes, they are then pilededgewi.se in a furnace, and covered with charcoal, and heated 
to a full red heat for about 48 hours ; by this process much of the carbon is discharged. 
These cak<^s are then used for producing steel in the refinery. A much superior 
quality is thus obtained with greater economy. It appears that the most perfect plan 
for manufacturing the steel is to free the crude metal as much as possible from its 
impurities whilst in a fluid state. The furnaces used for the production of natural 
steel are lik(i the refineries in which charcoal-iron is pi’oduced. In all countries their 
general construction is the same, but each has its own peculiar mode of working. We 
find therefore, the Gorman, the Styrian, the Carinthian, and several other distinct 
methods, yet all producing steel from crude-iron directly, although pursuing different 
modes of operation. These differences arise from the nature of the pig-iron each 
country produces, and the peculiar habits of the workmen. These modified processes 
do not affect the theory of the manufacture of the steel, but rather accommodate them- 
selves to the peculiar character of the metal produced. 

Fig. 1900 shows a ground-plan of the furnace ; 1901 an elevation ; and 1902 

the form of the fire itself and the position of the metal within it. The fire, d, is 24 
inches long and 24 inches wide ; a, a, a, are metal plates, surrounding the furnace. 

Fig, 1901 shows the elevation, usually built of stone, and braced with iron bars. 
The fire, a, is 16 inches deep and 24 inches wide; before the tuyere, at b, a space is 
left under the fire, to allow the damp to escape, and thus keep the bottom dry and hot. 

In fig. 1902 there are two tuyeres, but only one tuyere iron, which receives both the 
blast nozzles, which are so laid and directed that the currents of air cross each other, 
as shown by the dotted lines ; the blast is kept as regular as possible, so that the fire 
may be of one uniform heat, whatever intensity may be required. 
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Pig, 1902 shows the fire itself, with the metal, charcoal, and blast, a is a bottom 
of ohareoalf rammed down very close and hard, n is another bottom, but not so 


1900 




closely l>eaten down ; this bed of charcoal ^^rotects the under one, and servos also to 
give out carbon to the loop of steel during its production, c is a tliin stratum of 
metal, which is kept in the fire to surround the looj). 

' n shows the loop itself in progress. 

" ! When the lire is hot, tlie first operation is to melt 

down a portion of pig-iron, sa}^ 50 to 70 pounds accord 
ing as the pig contains more or less carbon ; the char- 
coal i.s pushed back from the upper part of tlie fire, aud 
t he blast, which is then reduced, is allowed to play upon 
the surface of the metal, adding from time *to time 
some hammer-slag, or rich cinder, tin* result of the 
]'rcviou8 loop. All these oper.'itions tend to decarbonise 
the metal to a certain extent; the mass begins to 
thicken, and at length becomes solid. The workman 
then draws together the charcoal and melts down 
another portion of metal upon the cake ; this operation renders the 1‘aco of the cake 
again fluid, but the operation of decarbonisation being repuatod in the second 
charge, it also thickens, incorporates itself wuth the previous cake, and the whole 
becomes hard ; metal is again added until the loop is compleUid. During these suc- 
cessive operations, the loop is never raised before the blast, as it is in making iron, but 
it is drawn from the fire and hammered into a large bloom, which is cut into several 
pieces, the ends being kept separated from the middle or more solid parts, which are 
the best. 

This operation, apparently so simple in itself, requires both skill and care ; the 
workman has to judge, as the operation proceeds, of the amount of carbon which he 
has retained from the pig-iron ; if too much, the result is a very raw, crude, un- 
treatable steel ; if too little, lie obtains only a steelified iron ; he has also to keep the 
cinder at a proper degree of fluidity, which is modified from time to time by the 
addition of quartz, old slags, &c. It is usual to keep from two to three inches of 
cinder on the face of the metal, to protect it from the direct action of the blast. The 
fire itself is formed of iron plates, and the two charcoal -Iwttoms rise to within nine 
inches of the tuyere, which is laid flatter than wdien iron i.s being made. This 
position of the tuyire causes the fire to work more slowly, but it ensures a bettor 
result. 



The quantity of blast required is about 180 cubic feet per minute. Good workmen 
make 7 cwts. of steel in 17 hours. The waste of the pig-iron is from 20 to 25 per cent., 
and the quantity of charcoal consumed is 240 bushels per ton. The inclination of 
the tuy^ is 12 to 16 degrees. The flame of the fire i.s the best guide for the work- 
men. During its working it should be a red bluish colour. When it becomes white 
thajfiM is working too hot. 

When, care has been taken in melting down each portion of metal, and a complete 
and perfect layer of steel has been obtained after each successive melting, when tlie 
dnder has had due attention, so that it has been neither too thick nor too thin, and 
the heat of the fire regolat^ and modified during the progressive stages of the 
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process, then a good result is obtained; a fine-grained steel is produced, which draws 
under the hammer, and hardens well. However good it may be it possesses one great 
defect ; it is this. During its manufacture, irm is produced along with the steel, and 
becomes so intimately mixed up with it, that it injures the otherwise good qualities of 
the steel ; the iron becomes, as it were, interlaced throughout the mass, and thus 
destroys its hardening quality. When any tool or instrument is made from natural 
steel, unless it has been well refined, it will not receive ^•permanent cutting edge; 
the iron part of the mass, of course, not being hard, the tool cuts only upon the steel 
portion ; the evlge, therefore, very soon becomes destroyed. There is another defect in 
natural steel, but it is of less importance. When too much carbon has been left, the 
steel is raw and coarse, and it draws very imperfectly under the hammer ; the articles 
manufactured from such steel often break in hardening ; thus it is evident, that in 
producing this kind of steel, every care, skUl, and attention is required at the hands of 
the workman. 

The raw stool, being imperfect, is not considered so much an article of commerce 
with the manufacturer, but it is sold to the steel-refiners, who submit it to a process of 
welding. The raw steel-bloom is drawn into bars one or two inches wide and half an 
inch thick, or less ; a number of these are put together and welded ; these bars aro 
then thrown into water, and they are broken in smaller pieces to examine the fracture ; 
those bars which are equally steolified are mixed together. In manufacturing refined 
steel, the degree of hardness is selected to suit the kind of article which it is intended 
to make. A bar, two to throe feet long, forms the top and bottom of the bundle, but 
the inside of the packet is filled with the small pieces of selected steel. This packet is 
then placed in a hollow fire, and carefully covered from time to time with pounded 
clay, to form a coat over the mehil, and preserve it from the oxidising influence of the 
blast. When it is at a full welding heat it is placed under a hammer, and made as 
sound and homogeneous as possible ; it is again cut, doubled together, and again 
welded. For very fine articles, the refining is increased by several doublings, but this 
is not carried at present to so great an extent as formerly, since cast steel is substituted, 
being in many cases cheaper. 

Natural stool being expensive, many attempts were made in Westphalia to produce 
a kind of steel by puddling pig-iron in a peculiar manner ; a patent was taken out in 
England by Mr. Kiepe, and a considerable quantity of this steel was produced. In Mr. 
Riepe’s description of this process, ho says : — 

‘ I employ the puddling furnace in the same way as for making wrought iron. I 
introduce a charge of about 280 lbs. of pig-iron, and raise the temperature to redness. 
As soon as the metiil begins to fuse and trickle down in a fluid state, the damper is to 
be partially closed in order to temper the heat. From 12 to 16 shovelsful of iron 
cinder disdiarged from the rolls or squeezing machine are added, and the whole is 
to bo uniformly melted down. The mass is then to be puddled with the addition of a 
little black oxide of manganese, common salt, and dry clay, previously ground to- 
gether. After this mixture has acted for some minutes, the damper is to be fully 
opened, when about forty pounds of pig-iron is to put into the furnace, near the fire- 
bridge, upon elevated beds of cinder prepared for that purpose. When this pig-iron 
begins to trickle down, and the mass on the bottom of the surface begins to boil and 
throw out from the surface the well-known Idue jets of flame, the said pig-iron is 
raked into the boiling mass, and the whole is then well mixed together. The mass 
soon begins to swell up, and the small grains begin to form in it and break through 
the melted cinder on the surface. As soon as these grains appear, the damper is to be 
three-quarters shut, and the process closely inspected while the mass is being puddled 
to and fro beneath the covering layer of cinder. During the whole of this process the 
heat should not bo raised above cherry-redness, or the welding heat of shear-steel. 
The blue jets of flame gradually disappear, while the formation of grains continues,, 
which grains very soon begin to fuse together, so that the mass becomes waxy, and 
has the above-mentioned cherry redness. If these precautions are not observed, the 
mass would pass more or less into iron, and no uniform steel product could be obtained. 
As soon as the mass is finished so far, the fire is stirred to keep the necessary heat for 
the succeeding operation : the damper is to be entirely shut, and part of the mass is 
collected into a ball, the remainder always being kept covered with cinder slack. This 
ball is broi^ht under the hammer, and then worked, into bars. The same process is con- 
tinued until the whole is worked into bars. When I use pig-iron made from sparry 
iron ore, or mixtures of it with other pig-iron, I add only about 20 lbs. of the former 
pig-iron at the later period of the process, instead of about 40 lbs. When I employ 
Welsh or pig-iron of that description, I throw 10 lbs. of best plastic clay, in a dry 
granulated state, before the b^inning of the process, on the bottom of the fiimace. 
I add, at the later period of the process, about 40 lbs. of pig-iron as before described, 
but strew over it clay in the same proportion as just mentioned*’ 
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This steel is rery oseM for ships* plates, being very strong and rigid, and thus ro- 
quiritig less weight of metal ; it may also eventually be used for rails and a great 
vitfiety of purposes, for which at present strong charcoal or scrap iron is used. 

The Paal process may be considered as an improvement upon natural steel, the 
object being as far as possible to carbonise the iron fibres which this kind of steel 
always contains. The process is based upon the old one of V anaccio : it consists in 
plunging iron into a bath of melted metal. The carbon of the metal combines with 
the iron, and in a very short time convert*? it into steel. This process was carried 
farther by Vanaccio, who contrived to add wrought iron to tlio metal until lie had 
decarbonised it sufficiently ; this was found to produce a steel, but unfit for general 
use. That produced by plunging iron into metal was found to bo a very hard steel on 
the outside, but iron within ; while that produced by adding iron to the metal was 
found too brittle to be drawn. The Paal method, however, was a decided improvement 
in the manufacture of refined natural steel. The packets, as already described in tlie 
refinement of natural steel, are welded and drawn to a bar ; whilst hot they arc 
plunged into a bath of metal for a few minutes, by which the iron contained in tin* 
raw steel becomes carbonised, and thus a more regular steel is obtained than that 
produced by the common process. The operation requires great care, for if t Jie bars 
of steel be left in the metal too long thej^ are more or less destroj’ed, or pirlia]»s 
entirely melted. 

The foregoing kinds of steel may be classed under tlio first head of natural steel, 
being manufactured from the criidf iron direct. 

The next process is the production of steel by introducing carbon into malleable 
iron which is the reverse of the proces.s already described. Tlio iron to be converted 
is placed in a furnace, stratified with carbonaceous matter, and on heat being applii.'d 
the iron absorbs the carbon, and a new comjxmrid is thus formed. 

At a very early period charcoal was found to liurden iron, and to give it a better and 
more permanent cutting edge. It seems probable that from hardening small objects 
bars of iron were afterwards submitted to the same process. To P('‘:iunmr eertainiV 
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belongs the merit of first bringing the process of eonversion to any degree of p(‘r- 
fecdon. His work contains mucli information on tlic; theory of cementation ; and 

altliough his investigations uro 
not borne out by tlu; practice of 
the present day, 3'et tlie first priii- 
eiples laid down by him are now 
the guide of the converter. Our 
furnaces are much larger tlian those 
tised by Reaumur, and they are 
built 80 as to produce a more uni- 
form and economical result. The 
furnace of cementation in which 
bar iron is converted into blistered 
steel is represented in 1903, 
1904, and 1905. 

It is rectangular, and covered 
in liy a semicircular arch, in the 
centre of which there is a circular 
hole left, 12 inches diameter, which 
is opened when the furnace is 
cooling* It contains two cbests, called *pote,’ c, c, made either of fire-stone or fire- 
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bricks: each ‘ pot’ is 3 feet wide, 3 feet deep, and 12 feet long. One is placed on 
one side, and the other, on the contrary side of the fire-grate, a b, which occupies the 
whole length of the furnace, and is 13 to 14 feet long ; the grate is 15 to 16 inches 
broad, and the bars rest from 10 to 12 inches below the inferior plane or bottom level 
of the ‘ pots ; ’ the height of the arch at the centre is 5^ feet above the top of the 
‘pots,’ the bottoms of which are nearly level with the ground, so that the bars of iron 
do not need lifting so high when charging them into the furnace. The flame rises 
between the two ‘pots ; ’ it passes also below and around them, through the horizonttd 
and vertical flues, c?, and issues from the furnace through the six small chimneys, h, into 
a large conical space which is built around the wdiolo furnace, 30 to 40 feet high, open 
at the top. This cone increases the draft of the furnace, and carries away the smoke. 
There are three optmings in the front of the arch: tw'o, T,Jig. 1905, jibovo the pots 
servo to admit and remove the bars ; they are about 8 indies square ; in each a piece 
of iron is placed upon wdiich the bars slide in and out of the furnace. The workman 
enters by the middle opening, r, to arrange the bars, which he lays flat in the pots and 
spreads a layer of charcoal, ground small, between each layer ; the bars are laid near 
each other, excepting those next to tho side of the pot. which are placed an iiudi 
from it ; the last stratum of iron is covered with a thick layer of charcoal, and tho 
w'holo is carefully covered witli loamy earth, 4 to 6 inches thick. The iron is gra- 
dually heated ; in about four days it has become fully heated through, and the furnace 
has then attained its maximum heat, which is mainUiined for 2 or 3 days, until the 
first test bar is drawn out ; the heat is afterwards regulated, according to tho degree 
of hardness which may be required. The iron is converted in 8 days if for soft steel, 
and in 9 to 11 days if for harder purposes. 

Conversion usually commences in 60 to 70 hours after the furnace is lighted. Tho 
pores of tho iron being opened by heat, tho carbon is gradually absorbed by the mass 
of tho bar, but the carhonimtion or conversion is effected, as it were, in layers. To 
explain the theory in the clearest manner, suppose a bar to be composed of a number 
of laminae ; tho combination of the carbon with the iron is first effected on tho sur- 
face, and gradually extends from one lamina to another, until the whole is carbonised. 
To effect this complete carbonisation, the iron requires to bo kept nt a considerable 
uniform heat for a length of time. Thin bars of iron are much sooner converted 
than thick ones. Keaumur states, in his experiments, that if a bar of iron ^ths 
of an inch thick is converted in 9 hours, a bar ^|;ths of an inch would require 
36 hours to attain the same degree of hardness. The carbon introduces itself suc» 
cessive/i/, the first lamina or surfoce of a bar combining with a portion of tho carbon 
wdth which it is in contact, gives a portion of the carbon to the second lamina, at the 
same time taking up a fresh quantity of carbon from the charcoal ; these successive 
combinations are continued uiilil the whole thickness is converted: from which theory 
it is evident that from the exterior to the centre the dose of carbon becomes propor- 
tionately loss. Steel so produced cannot be said to be perfect ; it possesses in some 
degree the defect of natural stool, being more carbonised on the surface than at the 
centre of the bar. From this theory we perceive that steel made by cementation is 
different in its character from that produced directly firom crude metal. In conver.sion 
the carbon is made successively to penetrate to the centre of the bar, whilst in tho 
production of natural steel, the molecules of metal which compose the mass are joer se 
charged with a certain percenUige of carbon necessary for their steelification ; not 
imbibed, but obtained by the docarboriisation of the crude iron down to a point requi- 
site to produce steel. 

Bar steel is also used for iiiauufacturing shear steel. It is heated, drawn to lengths 
3 feet long, then subjected to .a welding heat, and some six or eight bars are welded 
together, precisely as described in the refinement of natural steel ; this is called siugle 
shear. It is further refined by doubling the bar, and submitting it to a second welding 
and hammering ; tho result is a clearer and more homogeneous steel. During the 
last few years the manufacture of this steel has been limited, mechanics preferring 
a soft cast steel, which is much superior, when properly manufactured, and which can 
be very easily welded to iron. 

The process of melting bar steel, and thus producing cast steel, was first practically 
carried on by Mr. Huntsman of Attercliffe: the process itself is very simple. Fig, I'aCfi 
shows a cross section of the furnace commonly used. 

The furnace a, is square, lined with fire-stone 12 inches by 22 wide, and 36 inches 
deep from the ^ate-bar to the under side of the cover b. c is a crucible, of which 
two are placed in one ‘melting-bole.’ D is the flue into the chimney, b, which is about 
40 feet high, lined with fire-brick. There is an air-flue, which is used to regulate the 
draught at f. g is the ashpit, and h the cellar which is arched over. 

The steel is broken in pieces and charged into the crucible, which is placed on a 
stand and provided with a cover ; coke is used as a fuel, and an intesBe heat i« 
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obtained. The cnicible is charged three times during the day, and is t hen burnt t hrough ; 
the first charge is usually 36 lbs. ; which requires from 3 to 4 hours to melt it; the 



second charge is about 32 lbs., which is melted in about 3 hours ; the last charge is 
29 to 30 lbs., which does not require more than 2 to 2-i hours to become perfectly 
melted. The consumption of coke aversiges 3A tons per ton of cast steel. AVhen thf; 
steel is completely fluid the crucible is drawn from the furnace, and the steel poured 
into a cast-iron mould ; the result is an ingot, whicli is subsequently rolled or ham- 
mered according to the wants of the eon.sumer. 

Although the melting of cast steel is a simple process, yet. on the other hand, the 
manufacture of cast steel suitable for the various wants of those who consume it re- 
quires an extensive knowledge. 

Fig. 1907 represents the mould for making the crucibles 
used for melting cast steel. Eacli manuhicturer makes ‘his 
own ; M, M, is a solid Idock of wood let into the floor, 
lia\ ing a hole which admits a round piece of iron fixed 
in tlie centre of the plug r. 'I’Ik' material of which the 
crucible is made consists of 22 lbs. of fire-clay got from 
Stannington, near Sheffield, from the. neighbourhood of 
Ilurton-on-Trent, or Stourbridge ; 2 lbs. of the old 
crucible after it has been used, ground to powder, and 
about ^ lb. of ground coke. These quantities are suffi- 
cient for one crucible of the ordinary size. This compo- 
sition is trodden for 8 or 10 hours on a metal-floor; it 
is then cut into pieces of 26 to 28 lbs. ; each piece is 
rolled round nearly to ilie size of the mould into whicii 
it is introduced, and the plug p is driA^en down with a 
mallet; the mould is furnished with a moveable bottom : Avhen tlie pot is made, the 
mould is lifted up by the two handles, and fixing the bottom on a post, tho mould 
falls, and leaves the crucible upon it. 

steel may be wanted for the engraver. It may be produced apparently perfect, 
and with a clear surface, but may be so improperly manufactured, that when the plate 
has been engraved and has to be hardened, it is found covered with soft places. The 
trial is even greater when the engraving is transferred by pressure to another plate. 
It is, therefore, evident that a steel -maker must not only attend to the intrinsic quality 
of his steel, but he has to use his judgment as regards the degree of hardness and 
tenacity which it should possess. 

In manufactnring the commoner description of steel, particularly cast steel made 
from English iron, black oxide of manganese may be added to the steel in the crucible, 
and as a detergent. The oxygen unites with a portion of the carbon in the steel, 
forming carbonic oxide gas, whicn acts upon the imperfectly metallic portions of the 
>t^l used, and liberates the metal whilst the deleterious matter is taken up and 
a slag with the man^nese. There has been a great controversy regarding the 
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invention which originated with Mr. Heath. This substance is not generally used 
when the Dannemora irons are melted, as they are very pure, and the addition of an 
oxide partially destroys the temper of the steel. 

Indmih Steel, or Wool.:’. — The wootz ore consists of the magnetic oxide of iron, associ- 
ated with quartz in proport ions which do not seem to differ much, being generally about 
4‘2 of quartz and 58 of magnetic oxide. Its grains are of various size, down to a sandy 
texture. The natives prepare it for smelting by pounding the ore, and winnowing away 
the stony matrix, a task at which the Hindoo females are very dexterous. The manner 
in which iron ore is smelted and converted into wootz or Indian steel, by the natives at 
the present day, is probably the very same that was practised by them at the time of 
the invasion of Alexander; and it is a uniform process from the Himalaya Mountains 
to Cape Comorin. The furnace or bloomery in which the ore is smelted is from 4 to 5 
feet high ; it is somewhat pear-shaped, being about 2 feet wide at bottom, and 1 foot at 
top ; it is built entirely of clay, so that a couple of men can finish its erection in a few 
hours, and have it ready for use the next day. There is an opening in front about a foot 
or more in height, which is built up with clay at the commencement, and broken down 
at the cud of each smelting operation. The bellows are usually made of a goat’s-skiu, 
which has been stripped from the animal without ripping open the part covering the 
belly. The apertures at the legs are tied up, and a nozzle of bamboo is fastened in 
the opening formed by the neck. The orifice of the tail is enlarged and distended by 
two slips of bamboo. Those are grasped in the hand, and kept close together in 
making the stroke for the blast; in the returning stroke they are separated to admit 
the air. By w^orking a bellows of this kind with each hand, making alternate strokes, 
a pretty uniform blast is produced. The bamboo nozzles of the bellows are inserted 
into tubes of clay, which pass into the furnace at the bottom corners of the temporary 
-svall in front. The furnace is filled with charcoal, and a lighted coal being introduced 
before the nozzles, the mass in the interior is soon kindled. As soon as this is 
accomplished, a sm.'ill portion of the ore, previously moistened with water, to prevent 
it from running through the charcoal, but without any flux whatever, is laid on the top 
of the coals, and covered with charcoal to fill up the furnace. 

Ill this manner ore and fuel are supplied; and the bellows are urged for 3 or 4 hours, 
when the process is stopped ; and the temporary wall in front being broken down, the 
bloom is removed by a pair of tongs from the bottom of the furnace. It is then beaten 
witli a wooden mallet, to .separate as much of the scoriae as possible from it, and while 
still red hot, it is cut through the middle, but not separated, in order merely to show 
tJie quality of the interior of the mass. In this state it is sold to the blacksmiths, 
who make it into bar iron, The proportion of such iron made by the natives from 100 
parts of ore is about 15 parts. In converting the iron into steel, the natives cut it into 
pieces, to enable it to pack better in the crucible, which is formed of refractory clay 
mixed with a large quantity of charred husk of rice. It is seldom charged with more 
than a pound of iron, which is put in w'ith a proper weight of dried wood chopped 
small, and both are covered with one or two green leaves; the proportions being in 
geiKU’al parts or iron to 1 of wood and leaves. The mouth of the crucible is then 
stopped with a handful of tempered clay, rammed in very closely, to exclude the air. 
The wood preferred is the Cassia auricidata, and the leaf that of the Asclepias gigantea 
or the Convolvulus (aurifolius. As soon as the clay plugs of the crucibles are dry, 
from twenty to twenty-four of them are built up in the form of an arch, in a small blast 
furnace ; they are kept covered with charc.oal, and subjected to beat urged by a blast 
for about two hours and a half, when the process is considered to be complete. The 
crucibles being now taken out of the furnace and allowed to cool, are broken, and the 
st('('l is found in the form of a cake, rounded by the bottom of a crucible. When the 
fusion has been perfect, the top of the cake is covered with striae, radiating from the 
centre, and is free from holes and rough projections ; but if the fusion has been im- 
perfect, the surface of the cake has a honeycomb appearance, with projecting lumps 
of malleable iron. On an average, four out of live ctikes are more or less defective. 
These imperfections have been tried to bo corrected in London by remelting 
cakes, and running them into ingots ; but it is obvious that when the cakes consist 
partially of malleable iron and of unreduced oxide, simple fusion cannot convert them 
into good steel. When care is taken, however, to select only such cakes as are 
perfect, to remelt them thoroughly, and tilt them carefully into rods, an article has 
been produced which possesses all the requisites of fine steel in an eminent degree. 

The natives pro{jare the cakes for being ilrawn iuto bars by annealing them for 
several hours in a small charcoal furnace, actuated by bellows ; the current of air 
being made to play upon the cakes while turned over biore it ; whereby a portion of 
the combined carbon is probably dissipated, and the steel is softened ; without whidi 
operation, the cakes would break in the attempt to draw them. They are drawn by a 
hammer of a few pounds weight. 
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Hardenma and tempering steel is a delicate operation. Small articles of cutlery are 
usually hardened by first heating them to a red heat and plunging them in water ; 
saws and such articles are, when heated, plunged into oil. All articles are tempered 
bjr carefully heating them when hardened, and the degree of temper is indicated by a 
change in the colour of Uie surface, which is first straw-coloured, then blue, and deep 
blue : colour is thus made the most delicate test for the degree of temper given : after 
this operation, steel is found to expand a little. Alloys of steel have been very care- 
fully made by Messrs. Stoddart and Faraday; but it can hardly bo said that any alloy 
has at present been found to give any addition to the intrinsic quality of steel. The 
^ empiric titlos of * silver steel,’ ‘ meteoric steel,’ &c., may be regarded simply as fanciful 
names to recommend the article, either as a raw material, or in a manufactured state. 

Those artides called ‘run steel ’ are made by melting pig-iron and pouring it into 
moulds of sand in which the required article lias been moulded ; they are then packed 
in round iron pots, about 12 inches diameter and 16 to 18 inches high, along with 
hsematite iron ore crushed to powder ; these pots are packetl in a furnace, and heat, 
is applied from 24 hours to several days ; the oxygen abstracts the carbon from the 
metal of which the articles are made, and they become to a certain extent malleable, 
so much so, that pieces a quarter of an inch thick may be bent almost double, and can 
be drawn out under a hammer. Forks, table-knives, scissors, and many other cheap 
articles are so made ; also a vast variety of parts of cotton and flax machinery arc so 
manufactured, especially those parts which are difficult to forge. 

‘Damascus’ or ‘damasked steel’ is made by melting togetlKu* mm and steel, or 
bars of steel of high and low degrees of earbonisalioii ; it may jiIso be produced by 
melting hard and soft steel in separate crueiltles. mixing tlieni together whilst fluid, 
and immediately pouring the mixture into an ingot mould ; the damask is shown by 
the application of dilute acid to the surface when brightened. The analysis of a 
genuine Damascus sword-blade has shown that it is not a hoinogeiieous steel, but a 
mixture of steel and iron. 

Bessemer's Steel. — The undoubted success, and therefore the general adoption of 
this process for converting iron into steel, 'which derives its name from its inventor, 
renders it necessary that a full description of the process sliould be given. 

The facility which the blast-furnace aflPords, of at once s(‘paratiijg from tlie ores 
of iron the greater part of the extraneous matters whieli they contain, has rendered 
its employment alnio.'<t universal, as a preliminary ))rocess in the pnjductioii of 
malleable iron. 

The crude metal thus obtained, although separated from a large y»roportion of its 
impurities, is nevertheless found to be intimately combined with carboij and silicum, 
and generally with sulphur, phosphorus, manganese, and some other substiinces, in 
comparatively minute quantities ; the decarbonisatiori of the iron, and the separation 
of these substances, as far as is practicable, claims the tirst care ol the manufacturer. 
For this purpose the crude metal is either formed into pigs, which are afterwards 
remelted in the ‘finery furnace,’ or it is run. while still in a fluid suite, from the 
blast-furnace direct into the finery lire, where it is subjected to the action of blasts of 
air, directed downwards upon its surface, at a particular angle. The eriule nieUil, 
thus acted upon by the oxygen of the air, is in about throe hours sufficiently de- 
carbonised and refined, to render it suitable for the puddling process ; it is ihoroforo 
run out of the ‘ finely' ’ and formed into a large fiat plate, which is of an extremely 
hard and brittle character, and presents physically no approach whatevi r to the 
malleable state. The hard and brittle mass, thus tbrmed, is easily broken by the 
hammer into pieces of a size suitable for the puddling furnace, to which it is con- 
veyed, in order to be more completely decarbonised and rendered mallcaldo. 

Iron on the verge of fusion loses its power of cohesion, and readily crumbles down 
into a coarse powder. This property is common to ])ig and to refined iron, and advan- 
tage is taken of it in the puddling process. The workman watches the Tcmj:terature 
and appearance of the metal, and seizing the proper moment, divides the masses of 
refinea iron into small fragments, which he spreads about the furnace, and finally 
breaks it down into a kind of coarse sand. The metal, in this divided state, exposes a 
large extent of surfiice to the refining action of the fluid cinder, as well as to the vo- 
lume of air constantly passing through the furnace. By increasing tlie heat, the 
granulated mass swells up and emits numerous jets of blue flame. At this point the 
puddler dili^ntly stirs and works tlie metal, until tlie flame appears of a whiter 
colonr, and 4e metal becomes clotty and tenacious, or as the workmen term it, ‘ comes 
to nature ; ’ after which, the iron is gathered into Ijalls, and is then removed, as 
quickly as possible, to the squeeser, where much of the fluid scoria? and other mechanic 
cully mixea impforitiea are ^ven out, leaving a mass or billet of iron, compoi^ of 
tluMisaiida of sepanite fiEugments of metal, the entire surface of every one of which is 
more or less coi^ with dry oxide, or fluid silicate of the oxide of iron. The great 
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pressure exerted by the squeezer suffices to so fur remove the fluid coating of con- 
tiguous particles as to bring their surfaces into actual contact, and consequently to 
effect an union at such parts. 

Ill the puddling process, the granules of metal gradually pass from the state of 
brittle flnery-iron to steel, and passing that point, through every gradation of hard, 
medium, and soft steel, eventually arrive at the softest stage of decarbonised iron. 
The time occupied in these changes varies with the size of the granules, their 
temperature, and the extent to which each is exposed to the action of the air passing 
through the furnace. 

It need not be a matter of surprise that when it was first proposed, by IVIr. Bessemer, 
to convert crude pig-iron into malleable iron, while in a fiuid state, and to retain the 
fiuidity of the metal for a sufficient time to admit of its being cast into moulds, with- 
out the employment of any fuel in the process, that his proposition was almost 
gfmcrally looked upon as a mere day-dream, which the practical man felt hound to 
disbelieve. 

Chemical investigation soon pointed out the real source of the difficulties which 
surrounded the T3esseim'r process. It was found that, altJunigh the meUil could bo 
wholly decarbonised, and the silicium be removed, the quantity of sulphur and phos- 
phorus was but little aiFccted. As different samples were carefully analysed, it was 
ascertainctl that the red shortness was always produced by sulphur, when present to 
the extent of oiie-tcnth per cent., and that cold shortness resulted from the presence 
of a like quantity of phosphorus. It therefore became necessary to remove these 
substances. Steam and pure hydrogen gas were tried, with more or less success, in 
the removal of sulphur, and various fluxes, composed chiefly of silicates of the oxides 
of iron and manganese, were brought in conhict with the fluid metal during the pro- 
('ess, and tins quantity of phosphorus was thereby reduced. 

In manufacturing tool-steel of the highest quality, it was found preferable, for 
several reasons, to use the best Swedish pig-iron, and when converted into steel, by 
llie Bessemer process, to pour the fluid steel into water, and afterwards to remelt the 
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shotted metal in a crucible, as is at present practised. with blister steel, by which 
system the small ingots required for this particular article are more perfectly and 
more readily made. The pre^duction of first-idass steel by the new process, although 
a mater of deep interest in one of the smaller branches of the iron trade, still left 
untouched that great source cf this country’s prosperity, the manufacture of malleable 
iron. It was, therefore, impossible to rest content without accomplishing this, the 
original object of the invention. On examining into t!io stores of mineral wealth so 
abundant in these islands, it was found that iron ore of the requisite purity existed 
as red haematite in vast beds. There are also extensive veins of spathose oro or car- 
bonate of iron, and magnetic ores. 

‘ The form of converting vessel which has been found most couv’enient, and by which 
superior specimens are produced, is shown mfig, 1008 . The vessel is mounted ou 



904 


STEEL 


axes, at or near its centre of gravity. It is constructed of boiler-plates, and is lined 
either with fire-brick, road<^drift, or * ganister ’ (a local name in Sheffield for a peculiar 
kind of powdered stone), which resists the heat better than any other material yet 
tried, and has also the advantage of cheapness. The vessel haring been heated, is 
brought injto the position shown in fig. 1908, so that it may receive its charge of 
meltM metal, without either of the tuy&res being below the surface. No action can, 
therefore, take place until the vessel is made to assume the ]x>sition shown mfig. 1909. 
^e process is thus in an instant brought into full activity, and small though powerful 
jets of air spring upward through the fluid mass. The air expanding in volume, 
dirides itself into globules, or bursts violently upw'ards, carrying with it some hundred- 
weights of fluid metal, which again falls into the boiling mass below. Every part of 
the apparatus trembles under the violent agitation thus produced, a roaring flame 
rushes from the mouth of the vessel, and as tiie process advances, it changes its violet 
colour to orange, and finally to a voluminous pure white flame. The sparks, which 
at first were large, like those of ordinary foundry iron, change to small hissing points, 

and these gradually give way to soft floating 
1909 specks of bluish light, as the state of malle- 

alile iron is approached. There is no eruption 
of cinder as in the early experiments, although 
it is formed during the process ; the improved 
shape of the converter causes it to bo retained, 
and it not only acts beneficially on the metal, 
but it helps to confine the beat, which during 
the process, has rapidly risen from the com- 
paratively low temperature of melted ]ng-iron, 
to one vastly’’ greater than the highest known 
welding heats, by which malleable iron only 
becomes sufficiently soft to be shaped by the 
blows of the hammer; but hero it becomes 
I'erfectly fluid, and (‘Von rise's so miieli above 
the melting-point as to admit of its being 
poured from the converter into a founders 
ladks and from thence to ba transferred to 
several successive moulds. The thin shell, or 
skull of the ladle, shows the (xtremo fluidity 
of the metal, and also how littb? of it is 
solidified in the ladle during the time of east- 
ing. 

* Th*- oxygvn of the air a|»j>oars, in tiiis pro- 
cess, first to oxidize the silicium, ju'odncing 
silicic acid, and next to seize the carbon whieii 
is eliminated, while the silicic acid, uniting 
with the oxide of iron, olAained by the com- 
bustion of a small quantity of metallic iron, 
thus produces a fluid silicate of the (^xide of 
iron, or ‘cinder,’ which is rehiined in the vessel, 
and assists in the purification of the metal. 
The increase of temperature wliicli the metal undergoc-s, and which seems so dis- 
proportionate to the quantity of carbon and iron consumed, is doubtless owing to 
the favourable circumstances under which comVmstion takes place. Tiu;r(^ is nt* 
intercepting material to absorb the heat generated, ami to prevent its being t.aken 
up by the metal; for heat is evolved at thousands of points, distributed tlirongh- 
out fluid, and when the metal boils, the whole mass rises far fibovti its natural 
level, forming a sort of spongy froth, with an intensely vivid combustion going on 
in every one of its numberless ever-changing cavities. Thus, by the mere action 
of the blast, a temperature is obtained in the largest masses of metiil, in ten or 
twelve minutes, that whole days of exposure in the most powerful furnaces w'ould fail 
to produce.’ 

The changes in the colour and volume of the flame, and the kind of sparks thrown 
oll^ afford easy modes of judging of the state of the metal, since these are givcm oft’ 
exteriorly, and are not interfered with by the flame of the fuel, as in th© puddling 
fornace. The sound which the metal produces in the suspended vessel aflfc)rds also 
a good indication to the workman. Indeed, few processes appeal so strongly to the 
external senses. All mere judgment on this point has, however, been rendered un- 
necessary, hy the more certain indications, of an apparatus, which registers on a dial 
the exact number of cubic feet of air passed through the metal, whereby the precise 
4igwe of hardness <rf the ateel is regulated at pleasure ; its quality, in all casesi 
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being dependent on the quantity of air passed througli it ; other circumstances being 
alike. When, therefore, the desired quantity of air has passed through the metal, 
the vessel is turned on its axis, and the fluid steel is poured out, as shown ?Xfig. 1910. 

1910 



It, is then rceeivcd in the casting-ladle, which is attached to the arm of a hydraulic 
crane so as to be brought readily over the moulds. The ladle is provided with a tiro- 
clay plug at the bottom, the raising of w'hich, by means of a suitable lever, allows 
the fluid steel todest^end in a clear, vertical stream into the moulds. As soon as the 
first mould is filled, the plug valve is depressed, and the metal is prevented from 
flowing until the casting-ladle is moved over the next mould, when, by raising the 
plug, the second mould is filled in a similar manner ; and so on, until all the moulds 
are filled. After the discharge of the meUil from the vessel, the process should ho 
ri'peatod without delay, since the temperature of the interior of the vessel is greater 
after the first charge than it was before, and consequently it is in a better condition 
for the process. The vessel may bo moved on its iixis by suitable gearing, but it is 
considered preferable to use hydrostatic pressure to effect every movement of tlie 
crane and of the vessel; so that when operating on from 5 to 10 tons at a single 
charge, the director of the process can, from a distant point, and with his own hands, 
effect every movement required, by merely working the handles which turn on, or 
off, the pressure of the water, Ife has also charge of the blast-cock, w’hilst the dial 
for registering the number of cubic feet of air is before him ; and thus, by the 
control of one responsible man, charges of several tons of crude cast iron may be 
converted into malleable iron, or into steel, in a few minutes, and be cast into ingots 
of any desired form and weight, suitable for large shafts, or for rolling into rails, 
merc'hant bars, or plates. 

The slags of the Bessemer process vary considerably in composition from those of 
the puddling furnace, being much more acid and approximate to the pyroxene formula. 
At Horde, in Westphalia, a crystallised slag has been obtained which yielded, by 
analysis : silica, 44*73 ; protoxide of iron, 20’o9 ; protoxide of manganese, 32*74 ; 
lime, 1*53; magnesia, 0*17 = 9976. 

Oxygen-ratio of silica to bases = 23*85 I 12*43. 

Specific gravity, 3*08. 

The ciystals were found to be of the regular aiigite form, the angles being inter- 
mediate between those of the natural minerals, Pajsbergite and Babingtonite, as is 
also their composition. 

TLo enormously liigh temperature developed by the action of cold air on molten 
cast iron in the Bessemer process is obviously due to the extreme rapidity *with which 
the operation takes place, and tlie advantageous form of the converter for concentra- 
ting the heat developed. For, although the reactions and consequently the heat pro- 
duced ase in no way different from tliose of other finery processes, whether in the open 
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fire or reverberatory lumace —carbon, silicon, manganese, and some iron being burnt 
in either case, with the production of carbonic oxide, silicates of protoxide of iron 
and manganese, and malleable iron — we have, in the blowing of a charge weighing five 
tons an amount of work done in al>out two and a half to three days in its performance 
in the puddling furnace. It has been minted out by Jordan, that the principal part 
of the heat developed in the process is duo to the eomhustion of silicon, which when 
oxidised to silicic acid, combines with protoxide of iron, and other bases, find remains 
in the bath in the form of slag; while in the ease of carbon, a considcraliie portion of 
the heat is expended in volatilising the carbonic oxide prf>ducod, which esenpes at the 
temperature of the melted meUd, and burns V* wasti* :.t the mouth of the converter. 
If the calorific power of silicon bo assumed to lie l In- same a.s that of carbon, t he fimount 
of heat product by the combustion of one kilocrrainme of silicon to silicic acid will l>c 
8,000 units,* when burnt in pure oxygen, or in fiir : the ditfcrence. between the t wo 
quantities corresjKjnding to the amount required to heat up the inert nitrogen. Under 
the latter condition, one kilogramme of i-arhon will produce only 47n effective units, 
beingthe difference between 2,473 units theoretically <Ieveloped and 1,908 units carried 
off by the gjiseous products carbonic oxide and nitrogen, supposing them to escape at Ji 
temperature of 1400° 'J'he use of steam instead of air fis sm oxidising agent . is, in 
the case of the combust ion of iron or Cfirbon, always disadvantageous on account of llu* 
great amount of heat required to free the oxygen iroin its combination with hydrotren. 
which is not reproduced to tljo same extent in the siibst-queiit formation of carbonic 
oxide or protoxide of iron. AVith silicon, howev< r, the conditions Jire soim what 
different, as there is a small sensible gain. This will < xjdain the reason why tlie use 
of steam in the refinery is only recommended for a fcAv minutes .at the commencenunl 
of the operation, that is, as long as free silii'on remains in the jtig-iroii under 
treatment. 

By applying the quantities given fibove to the < alenla1 i'»n of the .amount of heat 
developed in the blowing in one ton of Be.sseiner pig-irni of iIk; ordinary quality jto- 
ducod in the south of l-'rance (which has the following composition ptr ton of 1,000 
kilogrammes: earhoii, 42'60 ; silicon, 20 00 ; iron and manganese, 937‘d0 = 1000*00), 
Jordan arrives at the following results :~ 

K,ilo;rramim*R I'l.il o. nr ,it 

The combustion of 20 of silicon produces , . . ii’7.»H8 

., 42’r) of c.arhon produces . . . 20.170 

„ 87 b of iron and manginese ]ir<.Mluces <5().2;i7 

Or a total of . 2M.fKil 

If we take the .specific healof molten malleable iron at. O'l fi. the Jimount of lieat 
developed will bo sufficient to raise the temperature of the metal, whieli is supj'osed 
to 1)0 completely decarbonised, about 1350° above that of ibe cast iron when run isito 
the converter. 

The groat heating jmwi r of silicon is, therefore, to be regarded as the reason for tlie 
use of dark-grey iron in the. Bessemer proi'ess ; under ordinary circumstances, about. 
2 or 2*5 per cent, silicon bring considered as essential. .Iordan states that in tlio 
steel works in the south of Franco the itroees^j could only be caiTieJ out by running 
the cast iron directly from the blast-furnace into the converter. The ainount t'f piliioti 
as a heat-producer in the Bessemer process may he, to .some extent, taken by mangan- 
ese; as is the case in Styrin, where the cast iron used i< .‘•melted from the sj>athic ori 
It is, however, less advantageous, because the deficiency in silica, which is reijuircd to 
flux the protoxide of manganese formed, can only he supplied by the desrnict ion of the 
siliceous lining of the converter. The corrosive action of maugane.‘^e oa t!u- hearths 
of blast-furnuccs whore spathic ores are smelted has already been notici*d. 

Although silicon is an essential component of good Messemer j)ig-iron. it i.s (jf ini- 
poitance tliat the amount per cent, should bo somewhere .about tlu' same as, or n'»i 
very much more than tliat of the carbon. An excess of the former element, works 
prejudicially in two ways : first, it gives rise to an incivasiHl wa.ste of iron in the slag ; 
and secondly, it cannot be completely removeil before the whole of tiic carl -011 is burnt 
away, so that it may happen in the blowing of such metal, tliat, jilthougli the pnxass 
is apparently complete, us determined by tho u.^ual indication of the cessation of 
the flame from the converter, suflScient silicon is retained, in the decarbonised metal to 
render the finished stool brittle and useless. Snelu^ gives the following analyses in 
illustration of this point : — 

‘ TM« it in excess of the real nmonnt, which hns receuily t.ec:i vlftennined to Ik* 7,iK>o. Jordan*<« 
original figures ore however preserved, as the quantities im- only given as npproMinntion:-. for the 
porpose of llluiitrating the theory of the process, uud not as absi<lutv numerical determinations 
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, . . . O’itiJ 

I k'^ilicon . . 0*814 

■ Sulphur ... 

, Phosphon:-' . 

I Mangano.*-' 

I Copper 


11. 

III. 

IV. 

0 515 i 

0*550 • 

0 400 

0*270 ! 

0040 

0001) 


0 0(>7 1 

0033 


00.'18 

0*030 

i 

1 

I 0554 * 

0*570 

1 *** 1 

1 0031 1 

1 I 

, 0025 


Anal.vs<.s I. II. uml III. arc examples of iimlor-lilown iinO brittle steel, rich in silicon ; IV. is the 
ordinary composition uf jrofKl liessemcr rnil-steel made at DovvIaLs. 


The following: .serins of analysos, hy tho same chemist, •f nietjil Uikeii nt difftTeiit 
stages of the Mow, .‘‘how A'ory disrinctlj’ the gradual removal of the carhou along wit!i 
the silicon : — 



T, 

II. 

HI. 

TV. 

i V. 1 

VI. 

(’arbf)n. graphitic 

2*070 






combined 

1*200 

2*170 

1 *.V)0 

0*007 

! 0-500 

0-510 

Silicon 

1*052 

: 0*705 

0 (;35 

0*020 

: 0030 

ii-o.;o 

Suljdiur 

0 014 

t r.icc 1 

trace 

trace 

trace 

t ncc 

Phosjdiorus, . . i 

0 018 

0051 

oo<;f i 

i 0*007 

0-055 

o-(i5:; 

Manga 11 ' sc , . . i 

0*080 

i trace | 

j trace 

trace 

0 300 

o-3o:t 

C'oppiu* . . . : 


1 



: 0*030 ' 

0-030 

liatioof carbo:i tosilicoii ' 

i*G : 1 

' 2*7 : 1 I 

i 2*1 : 1 

4 8 : 1 

t 10 : 1 

17 : 1 


I 


T„ mclt( "I < liari.r<- of pi.' ; II., inotal at end of first .vt.vc. tnintite." lioni start ; 111., tnetal ultor 
lilowitif? 1» iiiiiiuU'.' ; IV., over-blown metal, l:> inif.'H- from .start, U-forc uddinpr Kpicj.reh'i.-'Cii ; 
V., steel from iir.'ot ; \ J., steel from finished rail. 


Tlio (liffemncc in the amoimt of coppt'iv which is much larger in the St\Tian steel 
th.in in that from Uowlais, is to ho attributed tt> the fact that tho pig-iron n.sed in 
the former is entirely smelted from spathic ore, while in tho latter only the spiegjd- 
ei.seji is due to that source. Copper pyrite.s. jii .small fpiantitv, i.s almost invariably 
jireseat in .‘-p.it hie carbonates, and howev. r carefully they may bo washed and weathored, 
some copper, as a general rub-, i.s reduced and pa.'-ses into the iron in tho blast- 
furnace. 

The progre.ss of the ctm version of the charge can be c(>utroIlt‘'l to some extent by 
fjb.serving tlie .‘Spectrum given by the tiamo with the .spectroscope; and more particu- 
larly the moment of complete decarbonisation may be determined with con.sidrrable 
accuracy, cspicially if the tlanie be briglit and free from smoke. Tho .‘']»i-ct rum pro- 
duced when the comlaistion is mo.st active is characleri.sed by groups of numerous lim s 
in the yellow and green fwtion.s, that of sodium being the rm)sL prominent and the 
first to a|*pcar among the former. There is also a well-Jclincd group of lines in tlie 
blue field, and under tlie most favorable conditions the violet and red lines »»f 
sium and litliium. to.jethcr with an extra violet line accompanying the former an- Mcn. 
For this, however, an instrument of great defining }/)Wer and an extremely hrighl 
flame are es.serjti.il, Wlieii the metal i« completely (lecarbonihcd, the yellow and green 
line.s di.sa{.}xar, but the sodium i.s persistent, sonietimc.s even after ihe ti})ping of the 
converter. On the addition of the spiegolcisen, the whole of tin*, lines reappear with 
great l>riliia!jcy. When there is much mangaQe.se in the ca.st iron ejaployed, as is the 
case in Styria, the use of the spectroscope is difficult, owing to tlie brown smoky 
character of the flame. 

At .Seraiiig, it has Ixien found that the disappearance of tho dark absorption-bands, 
which adi-rnato with the britrlit lines, Ciin be more readily fletermined than the latter, 
which ofp u reappear after tlieir apparent extinction, and is therefore to be preferred 
as admitting of much closer and etisier observation, 

eXiict chemi&al character of the spectrum of the Tlcssemer flame has not as ^'ot 
l.»een made out, although it lias been the cause of considerable controversy, tliere being 
two differe.nt opinions as to its origin. One of these supposes the lines to be due to 
carlsjnic oxide, and their cessation to the complete combustion of the carbon; while 
the other considers that they are mainly produced by niangtinese, and that their sudden 
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disappearance may be accounted for by the diminut ion in the amount of the metal 
volatilised until the quantity present in the flame is reduced below that necoHsary to 
produce them, it having been found that for the detection of manganese by the spectro- 
scope much larger quantities must bo employed than are sufficient to produce the 
ordinary reaction with soda on platinum-foil before the blowpipe. 

Another indication of the progress of the operation is that afforded by the charact er 
of the slag. This has been employed in Austria and Sweden. An iron rod is inserted 
into the convertor, and when brought out a portion of th(^ slap adheres to the point. 
So long as any carbon remains unconsumed a peculiar brownish tint is observed ; but 
as soon as the point of tota’. docarbonisation is reaclKHl. the sing assumes a dead Iduck 
colour, with a peculiar metallic lustre, chnrnetcristic of the presence of jtrotoxidc of 
iron, in considerable quantity. "J'his t<‘St is said to be capable of great precision in the 
hands of experienced workmen. 

The largest series of Bessemer eonverlers hithei-to erected .arc those at Barrr)w-in- 
Fumess. They are arranged in two grouj>s, of which one has fair converters, taking 
7i*ton charges, and the oth(!r a similar number of a smaller size, liolding G tons each. 
The former are Di feet in gr(:;»t.<‘sl. diameter, and feet liigh. In all cases the pro- 
portion occupied ly the n.elUid metal is verv* sm.all as cfmi))ared with the entire 
capacity of the convertor, a barge empty space being required in firder to prevent the 
ejection of the fluid contents wlieii the boiling is at the highest ])f>in1. 

In Sheffield the loss of MTight on t lie pig-iron employed is about lo p('r cei:t. in 
addition to 71 per cent, in the reverberjitor}’ melting furnace, or 22,’, ])er cent, in all. 
With 3-ton converterK the lining lias to be renewed after Mowing 2.')0 tons ; but the 
tuyeres wear out much quicker, and must, be rejdacod aft(‘r nuikiug 1(» tons, that is. 
after every third or fourth operation. 

The number of charges made daily is not more th.an four for each converter, as 
although tlio actual blowing does not require^ more t h;iu fll't.een or iwi iity niinuti-s, a 
considerable time is required for the accessory operations of melting the piir-iron. the 
solidification and removal of the castings. ;iik 1 the arrangements of the moulds, 

Tlie ingots, wdien drawn from the moulds, like those, obtained from steel melted in 
crucibles, are always more or less unsound, and require to be eouip icted ly liamnier- 
ing. For this purpose, they are raised to a bright red lui.at in a nheafing furnace, 
care being baken to keep the liearth filled with smoking flame in (rrdt-r to previ iit the 
carbon from burning away. They are then Iinmnu'red, ami at a secoiai heat swagc'd 
down to the form of the first groove of the rolling mill, when intended for ]»ars or rail.''. 
The h'ligth of the ingot is exte.nded from 4^ to 8 feet uiider the hammer. In rolling 
rails two heats are re<iuired in addition. Spherical shots ar<' cast ;i little larger llian 
the size required, and afterwards reduced to the}»rop( r figure and dimensions by :i 
Bteam-hammcr wit.li hemispherical sw.agcs. 

.Most metals, it must Ix' observed, on losing their fluidity, los(' for ih- moment their 
power of cohesion. Malleable iron, lioua ver, passes from tlie fluid into tin- jiasty state, 
in Mdiieh it ixissesses tlie j'roperty of wt ldlng, which forms so well-kiiowii and rmiark- 
able a peculiarity of that metal. 'I'aking mlvaiilage of this fact, lS\r. Be.^.veiiKT trii d 
an experiment on manufacturiiig iron, direct from the fluid imtal, into » ndless sheets, 
in a manner analogous U) that ly which jwiper is now in.ado of .'iiiy lenglii ; this has 
not, however, been much used. 

Oonsidorable discussion has arisen re.^peeting the inlralnetioii of inan:.mnese in the 
Bessemer steel, both as to its volne in ]'rovlueing a snyxrior metal, and as to the e.m- 
covery of its value in the priK'e.ss. 'fluse <jnestions were satistaetorily aimvi i-rd. in 
a communication read before the British Assueiation at Birmingham in isGd. lo wl.u ii 
those who are interested in the jiroccss ;ire refernd. 

Sieinens-Martin Tlie production of cast steid in the rcverheiMti.rv fnrnae, . 

by dissolving malleable scrap in molten cast iron aci-ording to the method proju^rd 
by Heath, .Price, and Nicholson, and others, has of late been bnmght to a eonsidt r.iMe 
degree of perfection by tlie use of the regenerative gas-furii;ie(>. wiiii'h gives an intense 
heat without requiring an oxidising or cutting draught ; as is ihe case with ordinary 
Stack-draught furnaces. The process was first carried out tm a working .scale by .M.irtiii 
of Sireuil, near Paris, who has given his name jointly with that of .Siemens to the 
process. The furnace is represented in longitudinal and trainsverse st etion in fuu^. 1911 
and 1912. The regenerators a a and oo are placed below the bed in the usual *m.iniier, 
the former being employed for heating air and the hitter lor gas. The beil n is made 
of finely-ground quartz sand, coiisolidsited by pressure, with strong heating, Jiud is 
supported on cast-iron plates, which are kept cool by a circulation of air. The snrlace 
of the bed is flat, with a slight inclination towards the top hole, which is placed below 
the middle working-door, on the front of the furnace. The ladle, which has a 
similar arrangement fur running out the steel through a hole in the bottom, to 
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tl:at employed in the Bessemer process, is moimicvl upon wheels, snd travels upon n 
railway, the ingot 'mouMs being nrrangetl in a straight line in the pit below. 

According to the size of the furnace, the charge mr.y be from 36 cwts. to 6 tons. 
The materials used are g<XKi pig-iron, such as that employed for Bessemer steel-making, 
wrought iron in tlio form of bars, malleable scrap, or Bessemer steel eross-ends ami 
waste, and spiegeleisen. The pig-iron is first molted, and the malleabh' inui or steel 
is added in small quaulities at a time; care being t.aken to rais*' it to n white hmt by 
exposure to the stream of gas on the liridges l»efure immersing it in the bath of molten 
east iron. 

'I'hc reversal of the gas- and air-valves takes place overy 'JO minutes. As soon as 
the entire cliarge i.s dissolved, a sampli' of the metal is taken out in a sinail MTought- 
iron ladle, and after casting, is cooled in water and broken. 

Tile lieat is continued with an oxidising flame until ifie assay-Hangih'. although 
suddeidy cooled, gives a pc'rt'ectly soft and tough metal, indicating th.' point of ttual 
decarburisatioii. AVlu-n the spit-gt-leison is added, care slioiild be taktui to ehargr it 
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li.roo.oh tile li<do near* to the !-ridgo, M'iiieh uL tiiu time i.s dh the Hue .si. In i,t' ti.e 
funiacc. "When it is nielted. wiiieh usually takes about *20 minutes time, tlm charge 
is stirred, in ord<T t'l mix tiie eunt« iits as uniformly ;is pos.si hie : an operation whmh 
must be done (juickiy, in order to ].reveiit loss of manganese in fin- slag. 1 lie, i'oiitm.iH 
of the furnace are then run into tiio ladle and cast ini(j ingots in the usual way, th*- 
same pri'caiitions being (observed as in the Bessemer ]iroeess. l^Hually tlimi* eharges 
are made in 2-1 llo^^^. The yieM per charge of 36 cwts, is from 32 to 33 ot 

iiiiroi.s, the ordinary loss being Hh per cent., or in the most favourable case, about 0 
I't.r cent. Tlie fiinmce must l>e let down for repairs at inU-Tvals of si.x weeks at the 

ioIigeSl. 

I ills j'lXK-es.^ i.s of great advantage for the working-uji of the wa.sto of Bessemer stiad- 
werks, whi.;ii cannot safely be ailded to the charge in the converter ; a jdan which lias 
I'M tried, but not with success. Puddled bars, made .specially, cut into proper 
;ind g.)od scrap, such as that obtained in the neighbouring tin-plate forges, 
are the principal forms of malleable iron used in vSoulh Wales. 

Anotiier modification of the Siemens proces.s consists in the us«f of finely-divided iron 
in li;e s}K.ingv state* pro*.luced ly the reduction of a pure red or brown haematite by a 
current of cari>orne oxide at a red heat, instead of bars or other manufactured forms 
ot nsaih ;d ’.,* iron. In the newest arrangement adopted for this purpose, the finely- 
il.vidt i spongy injn pjvjduced in upright retorts is made to pass into a gas-furnace 
with an enchtsed bed, where it is consolidated by immersion into a melted magnetic 
oxi l** of iron, productai by the ]>ariial reduction of haematiu*, sufficient lime being in- 
corjurated with the mass to flux the silica of the ore. These agglomerated masses are 
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then treated in the bath of pig-iron, producing steel directly by the oxidising action of 
the magnetic oxide in the carbon in the melted metal. The above process has since 
been abandoned in favour of the rotatory furnace described under the article Iron. 

In a lecture delivered by Dr. C. Wm.* Siemens before the Chemical Society, he thus 
described his process of producing cast steel upon the open hearth of a regenerative 
fhmace. Two processes are employed at the Landore works : the Siemens-Martin pro- 
cess, which consists, as already stated, in dissolving scrap-metal or steel in a bath of 
pig-metal, to which spiegelmsen is finally added ; and the ore-reducing process, in which 
pig-metal and ore in a more or less reduced condition is employed. 

The process diiefly -employed at the Landore works consists of introducing on tlio 
bed of an intensely-heated regenerative gas-furnace, as shown in fyfs. 1911 and 1912, 
about 6 tons of pig-metal, which may be No. 3 or 4 hsematite pig. When a fluid-bath 
has been formed, oxide of iron, which should by preference have been smelted before- 
hand with such proportions of lime or other fluxing materials as to form with the 
silica in the ore and in the pig-metal, a convenient slag, is added ; or natural ores may 
be used in their raw condition if they contain lime and manganese, as for example. 
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the African Mokta ore. When about 30 cwts. of this ore have been dissolved (with 
ebullition,) in the metallic bath, it is found that a sample tiiken from it contains only 
about 1 per cent, of carbon : a point which can easily be detected by the eye of the 
workman by a peculiar bright appearance of the sample when chilled in water and 
broken by the hammer. 

Considerable difficulty was experienced to find a material to resist the excessive 
heats necessary for carrying out this process : ordinary Dinas bricks, which are con- 
sidered the most refractory material in general use, would be rapidly melted ; but a 
brick specially prepared by crushing pure quartz-rock, and mixing it with no more 
than 2 per cent, of quick-lime to give cohesion, answers well. The hearth of the fur- 
nace is made of white sand with a small admixture of more fusible fine sand, which 
mixture sets exceedingly hard at a steel melting-heat, and possesses the advantage of 
combining into a solid mass with fresh materials introduced between the charges to 
make up for wear and tear. The hearth and the fiirnace-roof, if of the materials just 
specified, are very little attacked when the Siemens-Martin process is used, although 
tne heat must be sufficient to maintain wrought iron containing only a trace of carbon 
in a perfectly fluid condition. If pig-metal and ore (fused together with the necessary 
amount of flux) is used, the furnace also stands well, but the use of raw ore entails the 
disadvantage of a more rapid destruction of the furnace ; even magnetic oxide of the 
purest description necessitates the addition of raw lime for the formation of a fusible 
slag, and the dust arising tem the lime and sand through the decrepitation of the ore, 
causes the silica-bricks to melt away rapidly, so that, after perhaps two months’ usage, 
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tlio 9-inch arch of the furnace is reduced to the thickness of from 1 to 2 inches. It is 
evident that silica is, chemically speaking, an objectionable material to be used in the 
construction of these furnaces, because it prevents the formation of basic slags, and 
that a furnace constructed of pure alumina or lime would be preferable. M. Le 
Chatelier suggested, some years ago, the use of Bauxite (from Beaux in France, where 
it w’as first discovered), a mineral consisting chiefly of alumina, for making the furnace- 
beds, but Dr. Siemens was not able to succeed with this, owing to the great contraction 
of the mass when intensely heated, and non-cohesion with the same material introduced 
for the purpose of repair. In attempting to construct the sides and roof of the furmice 
of Bauxite bricks, these wore not found to be equal in heat-resisting power to silica- 
bricks, which latter are indeed unobjectionable, except when raw ore and limostono 
are used. See Bauxite. 

STSBljf BiLBBSXrZirCI* OF. Steel may be hardened by plunging it into cold 
water. Prussiate of potash and other salts are used for producing especuil degrees of 
hardness. See Tempering of Steel. 

STBMPXiES. A mining term. Strong pieces of timber, driven betwixt the 
sides of a vein, at short distances apart, to support the w’alls. 

STEBBOCKBOME. A name given to a process of stereotyping, the printing 
of which is effected in colours. It is a term also used for the art of painting, with 
silica fluids for mixing the colours. 

STEBE08C0PE (from Qr.arepedSf stereoSy ‘solid,’ and (rjfoireTi/, .slopciw, ‘to see’). 
An instrument invented by Professor Wheatstone, and modified by Sir David Brewster* 
by moans of which two images of the same object, depicted on paper, — as those images 
would bo depicted upon the retina of each eye — are resolved into an apparent solid of 
three dimensions. The reflecting stereoscope of Professor Wheatstone was constructed 
by means of two mirrors, set at right angles to each other, so that while the right eye 
observed a reflected image of a picture placed on the right-hand side of the instrument, 
the left eye saw a reflected imago of that on the left, and, as a result, saw — not two 
plane pictures, but one solid imago. The refracting stereoscope, which is generally 
used, consists of two semi-lenses. This is a lens which is divided in the middle, and 
the two halves, with the edges towards each other, placed in a frame, at a distance 
from each other corresponding with the distances of the eyes apart. For the best 
result, two pictures are obtained by photography, as nearly as possible of the same 
character as the pictures impressed respectively upon the retina of each eye. See 
Hunt’s ‘ Manual of Photography.’ 

STEBEOTYPE PBXETXErG signifies printing by fixed types or by a cast typo- 
graphic plate. This plate was formerly always, and is still sometimes, made as fol- 
lows : — The form, composed in ordinary types, and containing, one, two, three, or more 
pages, inversely [is the size of a book, being laid flat upon a slab, with the letters 
looking upwards, the faces of the types are brushed over with oil, or, preferably, with 
plumbago (black lead). A heavy brass rectangular frame of three sides, with bevelled 
borders adapted exactly to the size of the pages, is then laid down upon the chase, ^ 
tx) circumscribe three sides of its typography ; but the fourth side, which is one end 
of the rectangle, is formed by placing near the types, and over the hollows of the 
chase, a single brass l)ar, having the same inwards-sloping bevel as the other three 
sides. The complete frame resembles that of a pict ure, and sen-os to define the area 
and thickness of the cast, which is made by pouring the pap of Paris-plastor into its 
interior space up t o a given line on its edges. The plaster-mould, which soon sets, 
or becomes concrete, is lifted gently off the types, and immediately placed upright on 
its edge in one of t he cells of a sheet-iron rack mounted within the ciist-iron oven. 
The moulds are here exposed to air heated to fully 400° Fahr., and become perfectly 
dry in the course of two hours. As they are now friable and porous, they require to 
be delicately handled. Each mould, containing generally t wo pages ocUyo, is laid, with 
the impression downwards, upon a flat cast-iron plate, called the floating-plate ; this 
plate being itself laid on the bottom of the dipping-pan, which is a cast-iron square 
tray, with its upright edges sloping outwards. A cast-iron lid is applied to the dip- 
ping-pan and secured in its place by a screw. The pan hjiving been heated to 400° 
in a cell of the oven, under the mould-rack, previous to receiving the hot mould, is 
ready to be plunged into the bath of melted alloy contained in an iron pot placed over 
a furnace, and it is dipped with a slight deviation from the horizontal plane, in order 
to facilitate the escape of the air. As there is a minute space between the back or 
top surface of the mould and the lid of the dipping-pan, the liquid metal on entering 
into the pan through the orifices in its comers, floats up the plaster along with the 
iron plate on which it had been laid, thence called the floating-plate, whereby it flows 
freely into every line of the mould, through notches cut in its edge, and forms a 

^ Chase {chassis, Fr., ‘ frame ’), and quoin (com, Fr., ‘ wedge ’), are terms which show that the art 
of printing is indebted to our French neighboui^ for many of its improvements. 
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lajer or lamina upon its face, of a thickness corresponding to the depth of the border. 
Only a thin metal film is left upon the back of the mould. The dipping-pan is sus- 
pended, plunged, and removed, by means of a powerful crane, susceptible of vertical 
and horizontal motions in all directions. When lifted out of the bath, it is sot in a 
water-cistern, upon bearers so placed as to allow its bottom only to touch the surface. 
Thus the metal first concretes below, while by remaining fluid above, it continues to 
impart hydrostatic pressure during the shrinkage attendant on refrigeration. As it 
thus progressively contracts in volume, more metal is fed into the corners of the pan, 
in order to keep up the pressure upon the mould, and to secure a perfect impression, 
as well as a solid cast. 

The whole process is greatly improved by the employment of a prepared bibulous 
paper, instead of the plaster-of-Paris. The paper employed was originally of French 
manufacture, but is now made in England. Four sheets of tissue and one sheet of 
brown paper being pasted together, it forms one sheet. The form of type being ready, 
a sheet of this prepared paper is placed upon it, and it is then beaten into the face of 
the type by hard hand-brushes. It is then filled in the blank parts with paste, when 
the whole is then covered by a thicker sheet, of paper, and it is then passed under a 
heated press for about two minutes to dry. On removing the paper it is found to have 
received a most perfect impression of the type. This impressed paper mould is tlien 
placed in an iron box, which is fixed in a nearly vertical position, and the heavy cover 
being carefully closed, there onl}’ remains between it and the mould exactly the space 
which is necessary to ensure a proper thickness to the type-metfil. All being prepared, 
the melted metal is poured into the mould. It flows, of course at once to the bottom 
of the mould, and as the liquid is rapidly supplied, tho whole is filled, and, as in the 
case already given, some pressure is obtained by the head of metal above the paper- 
mould. The mass of metal (iron) forming the easting box, in comparison with the 
thin plate of type-metal, ensures a rapid chilliug of tho latter, so that the plate can be 
removed in a very short time. The impression thus obtained is exceedingly perfect ; 
and the whole process is one of great simplicity and exactness, and is capable of being 
executed with great rapidity. 

‘ The Times ’ and other daily new^spapers are rtfgularly printed from sterootypo- 
plates ; but most of the machines for taking tho matrices, were invented by Mr. 
{Sweet, at ‘ The Times ’ office, and save one half of the lime used by beating tho form 
with brushes, each plate being cast and placed on tho machino in about fi quarter of 
an hour. 

The advantages of a solid block over a form of loose type will be sufficiently 
obvious to all; and, but for the security which is afforded by tho use of the solid plate, 
there -would be great risk in driving the printing machinery at such high rates of 
speed as are employed in ‘ The Times ’ office and other offices, where they require to 
throw off a very large impression wnthiii a very limited time. See Pbintinq and 
Printing Machinbuy. 

BTZXiXi. See Distillation. 

8TXFP&B mrOSAVUTG is a process which w’as practised by Bartolozzi, Ky- 
land, and others, in imitation of chalk-drawings of the human figure. Stipple is per- 
formed with the graver, which is so managed as to produce the tints by small dots, ^ 
rather than by lines, as in the ordinary method. It is very soft in its effect, but 
inferior to the more l^itimate mode of engraving. S(‘e Engkaving. 

8TOCUWO BCAVUTACTirBS. See Hosiery. 

8TOn is earthy matter, condensed into so hard a state as to yield only to the 
blows of a hammer, and therefore well adapted to the purposes r)f building. Sucli 
was the care of the ancients to provide strong and durable materials for their public 
edifices, that but for the desolating hands of modern barbarians in peace and in war, 
most of the temples and other public monuments of Greece and of Rome would luive 
remained perfect at the present day, uninjured by the elements during 2.000 years. 
The contrast, in this respect, of the works of modem architects, especially in Great 
Britain, is very humiliating to those who boast so loudly of social advancement ; for 
there is scarcely a public building of recent date w^hich -will be in existence one thou- 
sand years hence. Many of the most splendid works of modern architecture are 
hastening to decay, in what may be justly called the very infancy of tlieir existence. 
This is remarkably the case with the bridges of Westminster and Blackfriars ; tlie 
foundations of which began to perish most visibly in tlie very lifetime of their con- 
structors. 

Stones for building, it is stated, may be proved as to their power of resisting the 
action of by 3ie method, first practised by M. Brard, and afterwards by 

MM. Vieat, Billaudel, and Coarad, engineers of the bridges and highways in France. 
The operation of water in congealing within the pores of a stone may be imitated by 
the action of a salt, which can increase in bulk by a cause easily produced ; such as 
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efflorescence or crystnllisarion, for example. Sulphate of soda, or Glaubers salt, 
answers the purpose perfectly, and it is applied as follows : — 

Average samples of the stones in their sound state, free from shakes, should bo 
sawed into pieces 2 or 3 inches cube, and numbered with China-ink or a graving 
tool. A largo quantity of Glauber’s salt .‘should bo dissolved in hot water, and the 
solution should bo left to cool. Tho clear saturated solution being heated to the boil- 
ing point in a saucepan, tho several pieces of stone are to be suspended by a thread in 
the liquid for exactly one half-honr. They are then removed and hung up each by 
itself over a vessel containing some of tho above cold saturated solution. In the 
course of 21 hours, if the air be not very damp or cold, a white efflorescence will 
npfu'ar upon the stones. Each piece must be then immersed in the liquor in the sub- 
jacent vessel, so as to cause the crystals to disappear, he once more hung up, and 
dipped again whenever the dry efflorescence forms. The temperature of tho apart- 
ment should bo kept as uniform as possible during the progress of the trials. 
According to their tendency to exfoliate by frost, the several stones will show, even 
in the course of the first day, alterations on the edges and angles of tho cubes ; and 
in five days after efflorescence begins, the results will bo manifest, and may be estimated 
by the w<'ight of disintegrated fragments, compared to the known weight of tJie piece 
in its original state, both taken equally dry. In opposition to this, Mr. C. H. Smith, 
one of tho commissioners for selecting tho stone for the Houses of Parliament, 
states — ‘ {Such treatment, compared with that of nature, will be found to var^^ 
materially, both in detail and result. If Glauber’s sjilt expands in changing from a 
fluid to a crystalline state, it is so little as to ]»o inappreciable ; wlioreas water in- 
?reases considerably in bulk whilo freezing.' Many experiments selected from the 
Jfeport on Stone for the New Houses of Parliament (March 1839), show that in M. 
Prard’s treatment the effect is in most instances opposite to that of the action of the 
weather on stones which have hcon exposed to its influence many years. Some of 
the specimens well known to decay rapidly in a building disintegrated least of all 
by Hrard’s process ; others of the most durable quality disintegrated more than all 
the rest, under similar treatinent ; consequently Brard’s method of testing is not to 
bo depended upon, and is liable to lead to erroneous conclusions. 

The most important building-stones of tho United Kingdom arc tlie following: — 

Gkanitiss— produced chiefly in Cornwall, Devonshire, Leicestershire, Aberdeen- 
shire, and in Wicklow and Carlow. 

PoRPiiYiiiKS, Syenites, Eeyaxs— obtained from Cornwall, Devonshire, lioicester- 
sliire, and many parts of Scotland and Ireland. 

Sandstones — the chief quarries of wliich are in ''I'orkshiro, Derbyshire, Shrop- 
fcliirc, Surrey, &c., and in several of tho Scottish counties. The Darley Dale, Crag- 
h-'ith, and other celebrated stones, belong to this class. 

Millstone Grit is found largely in Derbyshire, in Yorkshire, and indeed in most 
of tho coal-producing districts. 

Dolomites, or Magnesian Limestones — ^'orksliire, Durham, Northumberland, 
Derbyshire, and Nottinghamshire, produce these stones abundantly. 

Oolites. The Bath Stone and Portland Stone aro well-known examples of this 
stone ; the stone from the quarries of Aiicaster and of Ketton are also fine specimens 
of the class. 

Limestones. Tliese are very varied ; the Purbeck marble, the Derbyshire marbles, 
tho Lias beds, the Devonian Limestone, and tho well-known Mountain Limestone 
being examples. 

Slates. Tliose are obtained in very great abundance in North Wales, in Devon- 
shire, and in Cornwall ; in some parts of Scotland and of Ireland. 

Such are the principal varieties, altliough many others exist which aro exceedingly 
useful. Most of the above will bo found described under their respective heads. 

STOXfB, ililLTZZ*ZCZj^]«y for stotuary and other decorations of architecture, has 
been made for several years with singular success at Berlin, by Mr. Eeilner. His 
materials are nearly the same with those of English pottery ; and the plastic mass 
is fashioned either in moulds or by hand, being in fact a Terra-Cotta, which see. 
His kilns were peculiar in form, and economical in fuel, but they were in but few 
respects different from the pottery-kilns already described. See Kiln. 

Many ingenious arrangements have been made for the construction of artificial 
stone. We might, of course, group under this head many varieties of clay-wares and 
cements. 

Amongst all the numerous plans whicli have been devised, few of them have 
altogetlier succcioded ; they have either proved too expensive in the manufactupe, or 
they have not endured the test of time. 

Mr. Buckwi?U proposed the following: — Taking fragments of stone sufficiently large 
to go freely int o his mould, he fills up the interstices with stones of various sizes, and 
Yol. hi. a N 



014 STONE, ARTIFICIAL 


then pours in a mixture of chalk and Thames mud or Mersey mud burnt together. 
This cement being poured into the mould, the wholo is rammed together by falling 
hammers, and as the mould is perforated, the water is forced out, and the resulting 
stone is so hard, when removed from the mould, that it rings wJieu struck. It will be 
evident to those acquainted with hydraulic mortars and tlic application of concrete, 
that this is only an improved concrete. The cost of production has been too gre it to 
admit of the general introduction of this artificial stone. 

Bansome’s Patent Siliceous Stone, being the most successful attempt to produce a 
permanent stone artificially, requires further attention. 

After numerous failures, it occurred to Mr. llausomo that ,a solution of silica as a 
cementing material would be superior to any other, and he accordingly stnrte'l on the 
inquiry after an easy method of producing a solution of flints. 

The accompanying illustration {fig. 1913) gives a sectional view of the apparatus 
employed in preparing the .solution of silica wliich Mr. Ivansomc employs. 



A. is a steam-boiler, capable of generating a suliiciency of steam for Ijcating the 
dissolving and evaporative vessels, and usually worked at a pressure of about 79 H't:. 
to the square inch, b is the upper lye-tank for dissolving t in* carbonate of soda. It 
is supplied with steam by the pipes 1, 2, 3, communicating witli the boiler. 

The first operation is to reduce the ordinary soda-ash of commerce to tlie condition 
of caustic so^. For this purpose tlie ash is first dissolved in the tank b, the \vat(?r 
in which is heated by moans of the perforated Btt;am-pipe h. A quantity of quick- 
lime is then added, and the mixture well stirred. The soda is by this means deprived 
of the carbonic acid which it contains, by the quick-lime forming M'ith it a carbonate 
of lime- To ascertain when the lye is quite caustic, a small portion is taken out in a 
test-tube, and a few drops of hydrochloric acul added. If there is no elfervescence, 
it may be assumed that the soda is entirely deprived of its carbonic acid, and is conse- 
quently cauatic, When the lime, now converted into chalk, has subsided to ilie 
bottom of the tank, the clear supernatant lye is drawn oif hy the syphon 5, into the 
fhnnel 6, leading into a closed vessel d, to prevent the carbonic acid of the atmo- 
sphere oombining with it, and destroying its causticity. When the lye has been drawn 
oif firom B, the sediment remaining at the bottom of the tank is allowed to fall into 
the lower tank c, by withdrawing the plug a, from tlio pipe dh Any undissolved 
crystals of the carbonate of soda which have been entangled among the particles of 
the lime are now washed out and pumped back to the upper tank b, where it forms a 
portion of the next charge. 

^e clear caustic soda being contained in the closed tank b, has a further process of 
depuration to undergo before it is ready to bo used as a solvent for the flints. The 
ordinaiy so^-ash of commerce is always more or less adulterated with a sulphate of 
Boda, which although an inert substance in itself, if allowed to remain in the cement 

— - ^ 4-v,/^ oMvfitoa nf t.hft finished 
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Btone. To get rid of the sulphate, the caustic solution of soda has added to it, in the 
tank D, a quantity of caustic baryta, obtained by burning the commercial carbonate 
of baryta "with wood-charcoal. The caustic baryta seizes upon the sulphuric acid 
contninod in the sulphate of soda, and forms with it an insoluble sulphate of baryta, 
whicli is precipitated on the bottom of the tank. The depurated lye is then drawn 
olf by the pipe into the lower closed tank k, and tho sulphato-of-baryhi sediment 
passes otf by tho cock at the bottom. I'rom e, tho prepared solution of tho caustic 
soda is pumped into the vortical boiler or digester f. This digester, in which the 
process of dissolving the flints is effected, is a cylindrical vessel, having a steam- 
jacket, A iuto which steam from tlie boiler a is supplied by tho pipes 1, 2, y, Tho 
niner cylinder r, is x^i^’ovided with a wire-basket g, reaching the whole length of tho 
vessel, and serving to hold a collection of nodules of common flint. When f has 
been filled with the caustic lye, and the basket with flints, tlie manhole at the top is 
closed and well screwed down, so as to be able to resist a jiressure of at least 60 lbs. on 
the square inch. Tho cock at y is then opened, and the full pressure of steam from 
tlio boiler }>asses into tho jacket /j and causes the lye in f to rise to the same tem- 
])orature. The condtmsed steam in tho jacket./’ returns to the boiler by the pipe 12, 
which it enters below the water-line. The pressure maintained in the digester is 
generally about 60 lbs., and this is continued about 36 hours ; at the end of which time 
the streugth of the solution is tested. The workmen employed to superintend this 
part of tho process generally use tho tongue as the most delicate test. If tho solution 
lias a decidedly caustic alkaline taste, they conclude that there is still too much free 
soda in the cement, and tho boiling is allowed to continue until tho cement has a 
slightly sweetish taste, which occurs when the alkali has been nearly neutralised by 
combination with the silicic acid of the flints. A more scientific mode of testing tho 
strength of the solution is to take a wine-glassful and drop a little hydrochloric acid 
into it ; by this means the whole of tho silica in tho solution is thrown down by tho 
acid combining with the soda, so as to form chloride of .sodium. Tho precipitated 
silica presents an appearance resembling half-dissolved snow, and its comparative 
volume gives a good idea of the strength of the solution of tlie alkaline silicate. 

When it is judged that the alkali has taken up as much of tho silica as it is capable 
of doing, at tlie temperature to which it is subjected in tho digester, the stop-cock ?/, 
in the steam-pipe communicating with the jacket, is shut, and a cock in the pipe 8 is 
opened. The pressure of the steam in f then forces the fluid silicate, through the 
pij^e 8, into tho vessel H, where it is allowed to stand for a short time to deposit any 
sediment which it may contain. From h it is then conveyed by the pipe 9 to the 
evaporating pan, k, which has a steam-jacket, k, supplied with steam by the pipe 10. 
Tho cement is then boiled in the evaporating jian until it becomes of the consistency 
of treacle, when it is taken out. Tlie specific gravity of tho cement when ready for 
use is aljout I’COO. The general proportions of the materials used in making up the 
artificial stone are about the following : — 

10 pints of sand, 1 pint of powdered flint, 1 jiint of clay, and 1 pint of the alkaline 
solution of flint. 

These ingredients are first well mixed in a pug-mill, and kneaded until tiiey are 
thoroughly incorporated, and the whole mass becomes of a perfeijtly uniform consis- 
tency. When worked up with clean raw materials, tho compound possesses a putty- 
like consistency which can be moulded into any required form, and is capable of re- 
ceiving very sliarp and delicate impressions. 

The peculiarity which distinguishes this from other artificial stones consists in 
the employment of silica both as the base and the combining material. Most of tlie 
varieties of artificial stone hitherto produced are compounds, of which lime, or its 
carbonate, or sulphate, forms tho base; and in some instances they consist in part 
of organic matters as the cement, and having inorganic matters as the base. 

To produce different kinds of artificial stone, adapted to the various purposes to 
which natural stones are usually applied, both the proportions and the character of 
the ingredients are varied as circumstances require. By using the coarser description 
of grits, grinding stones of all kinds can be formed, and that with an uniformity of 
texture never met with in the best natural stones. Any degree of hardness or porosity 
may also be given, by varying the quantity of silicate employed and subjecting it to a 
greater or less degree of heat. 

For some descriptions of goods a portion of clay is mixed with the sand and other 
ingredients, for the double purpose of enabling tho material to stand up during the 
process of firing in the kiln and to prevent its getting too much glazed on the surface. 

The plastic nature of the compound allows of the most complex and undercut pat- 
terns being moulded with greater ease than by almost any other material we are 
acquainted with, if we except gutta-percha, which, however, has the drawback of being 
aftected by common temperatures. 
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In attempting, however, to carry out this plan, Mr. Ransome found that two diffi- 
culties of a rather formidable character presented themselves. It was found that, 
in the process of desiccation, the surface of the stone parted with the moisture 
contained in the soluble silicate, and became hardened into a tough impervious 
coating, which prevented the moisture escaping from the interior of the mass. Any 
attempt to disl^ge the water retained in combination vitli tlie silicnte in the interior 
of the stone, by raising the tempernturi' of the whole above 212°, hnd merely 
the effect of breaking this outer skin of desiccated silicate, and rciidering the surface 
cracked and uneven. 

Instead, therefore, of allowing the stones to bo dried in an open kiln, they wertj 
placed in a closed chamber or boiler, surrounded vuth a steam-jacket, by wliicli the 
temperature of the interior chamber could be regulated. In order that no superficial 
evaporation should take place while the stones were being raised to the temperature 
of the steam in the jacket, a small jet of .steam was allowed to flow into the chamber, 
and condense among and on the surface of the goods ; until, as tiio temperature of the 
interior of the stones rose to 212° and upwards, they became enveloped in an atmo- 
sphere of steam, which effectually^ prevented any liardening of the surface. Tlie 
minute vents or spiracles formed by the steam as it w'as generiited in the interior of 
the masses, remained open, when the vapour contained in the closed chamber was 
allowed slowly to escape, and afforded a means of egress to any moisture which might 
still be retained among the particles of sand and cement. The wliolc of the moisLiiro 
contained in the silicate of soda having been thus va}X)riscd before it left the stone, an 
opportunity was afforded it by opening a communication Avith the extorn.il atmosphere, 
to pass off, leaving the interior of the stone perfectly dry. Simple* as tliis arrangement 
may seem, we will venture to say that not one of our readers Jiiis hit upon the ('xpedioiit 
through his own cogitations on the subject. 

The process, in effect, consists in slewing the slone.« in a closed vessel, and Avhen all 
the moisture which they contain is conA^erted into A'apour, allowing it to escape, so 
that no one part of the mass can be dried before another. By this means Mr. liansome 
was enabled to desiccate his artificial stone Avithout any ri.sk of the craaki2jg or 
warping which had liitherto been the result of his attempts to harden them ly exj'o.^ure 
in an open stove. 

After being thoroughly dried they are taken to the kiln, but, instead of being plaeod 
in seggars or boxes of clay, as is nsually done in the potter s kiln, the goods are first 
bed^M up with dry sand, to preA^mt any risk of their bending or losing their shape 
while burning. Flat slabs of fire-clay are tlieii used to separali? the A arious pieces 
laterally, and similar slabs are jdaeed OA'cr them to form a slielf, on Avliieh another 
tier of goods is placed. The temperature of the kiln is very gradually raised for the 
first twenty-four hours; the intensity is then augmented until at tlie end of forty-eighu 
hours a bright red heat is attained, w'heii the kiln is allowed to cool gradually, for lour 
or five days, when the goods are ready to bi; taken out. 

From being composed almost entirely of jiuru siliceous mattir, this artificial 
stone is not acted by acids, and is apparently cjuiU; insoluble, even in boiling 

water. 

By proportioning tlie amount of cement, and varying the character of the sand 
which enters into the composition of the stone, it can he made porous ()r non-porous, as 
may be desired. The aA'erage absorbent poAver of artificial sandstone is less than tliat 
of the Bolsover Moor Dolomite used in the erection of the Houses of Parliament, and 
a little more than that of the Cragleith .Sandstone. 

An improvement in the manufacture of Ransomes .Stone, or, us it i.*'’ somelimes 
called Ap<snite, was made and patented by the inventor in 1872. 

It was found in practice that the process of washing the Ransome stone so as to 
completely remove all traces of the chloride of sodium, from large masses ai iis open to 
objection ; it was both tedious and expensiA'c, especially in localities where there a^uis a 
difficulty in obtaining a good supply of water at a reasonable cost, besides which in 
producing so large an amount of chloride of sodium whicli liad afterwards to be re- 
moved as a waste product at a considerable cost. The bulk of the alkali, Avhicli Avas 
by far the most expensive ingredient in its composition, was ejected instead of being 
utilised, for still further increasing the density, strengtli, and hardness of the stone. 
Some years since a siliceous deposit was discovered at the base of the Chalk Hills in 
Surrev, possessing some very peculiar properties, amongst others, that of being readily 
soluble in a solution of caustic soda or potash at a moderately low temperature. Messrs. 
Paine and Way, in the 12th volume of the Journal of the Royal Agricultural .Society, 
in a p^r entitled * On the Strata of the Chalk Formation,’ thus describes the soluble 
silica oeposit; — * Immediately above the gault, with the upper member of which it 
insensibly intermingles, lies a soft white-brown rock, having the appearance of a rich 
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SO considering its position, by reason of the very small quantity of carbonate of lime 
which it contiiins. It is one of the richest subsoils of the -whole chalk series, being 
a dmirably adapted for the growth of hops, wheat, beans, &c. 

‘ The section of rock at Farnham is about 40 feet in thickness. The analysis gives 
as follows : — 
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Alumina .... 
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Insoluble in acids, 38*75: 

Jiime ..... 
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Magnosica .... 


. 




traces. 

Potash 


. 
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Soda 


, 




•60 

Alumina, -with fi little oxide of iron 
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Silicic acid and sand 






19-50 


100 00 ’ 

Tile same authors contributed another article to the 14th volume of the ‘Journal,’ 
oil ‘ the Silica Strata of the Lower Chalk,’ in -udiich tfiey state that ‘ when the 
former paper was published, they were not unaware; that this stratum contiined a largo 
proportion of silica in tlio form which chemists call soluble ; ” l)ut that they -w^ished, 
before making public their discovery, to ascertain whether it tixisted in sufficient quan- 
tity to render it available for agricultural use.’ They then detail the result of their 
researches during the intervening two years, as far as they concern agriculture, men- 
tioning all the localities in which this stratum may be found in England, and the 
various ways of employing it boueticially as a manure. They allude to the fact that 
it will bo found useful in its application to the arts. 

Taking advantage of this peculiarity, Mr. Ransome commenced a series of experi- 
ments,, in ordi.T to determine, if it were possible -without the use of chloride of calcium, 
to produce a stone in all respects equal in quality to what had hitherto been made, 
and in ihis lie siiccoeded. By mixing, in lieu of the chloride of calcium, suitable 
quantities of lime, (or substances containing lime), and the natural soluble silica above 
ulludeil to, -with sand and a solution of silicate of soda or potash, which when intim- 
ately incorporated are moulded in the usual way, and allowed to harden gradually, as 
silicate of lime is formed by the decomposition of alkaline silicate produced by the 
action of tlio lime, the mass becomes thoroughly indurated, and in a very short time 
is converted into a very compact stone, capable of sustaining extraordinary pressure, 
and increasing in strength and hardness -with age. Upon this improvement, Dr. T. Sterry 
Ilunt makes the following remarks : — After expressing his satisfaction at the beautiful 
results arrived at by Mr. Ransome, who after years of experiment, had solved satis- 
taclorily and completely a great industrial problem, he stated that he had followed 
with the more interest the labours of Mr. Ransome during many years, from the fact 
that ho himself had formerly carried on, in 1857-58, a series of experiments very 
similar in character and in chemical results, in his endeavours to find out the method 
by which certain soft earthy rocks, consisting in great part of silica and carbonate of 
lime, have become hard and crysUilline. Dr, Sterry Hunt had sho-wn by researches in 
the hiboratory, and also by observations of limestone strata in the vicinity of eruptive 
rocks, that a reaction between silica and c.arbonato of lime takes place in the presence 
of carbonate of soda, by which the alkali brought about, little by little, the solution of 
tlio silica, and its union with the lime to form a hard silicate of lime. This is nature’s 
method. The action of alkali in dissolving the silica and then again giving it up to 
the lime, was an example of many of the so-called actions by presence, which are really 
cases of ordinary chemical affinity acting under peculiar conditions. It was reserved 
for Mr. Ransome, by using both the lime and the silica in their free, soluble and active 
forms, and bv brinrrinpf In thw uU-mB nlrpodvcombined -with a -no-rt.ion nf hiIipp fn motA 
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this curious reaction very rapid, and to show that the product forms a cementing 
material which is available for binding pnrticles of sand into hnrd stone-like masses. 
Mr. Bansome has also shewn that the small amount of alkali used in tlie process 
itself, unites with the successive portions of silicate of lime formed, and becomes 
locked up in an insoluble compound, as is the case with alkali in granite rocks. Hence 
the new artificial stone, unlike the earlier products obtained by Mr. Rnnsome ana 
by others, contains no soluble salts to be got rid of. 

STOira- and ORlUCmtlTSBSRS. Among tho many modern forms of applientioii, 
whereby mechanical devices are brought in aid of, and made to supersede, ordinary 
manual labour, there are few that liave a wider range of utilit}’ than those whicli deal 
with the ores, stones, and rocks, and jirepare thorn l)y reduction and comminution for 
the metallurgical and other processes on whicli so manj* of the arts and manufactures 
depend. 

Mr. H. R. Marsden, of tho Soho Roundry, Leeds, has long been known in connoction 
with Blake's ore-crusher and stone-brcakcr, clmracterised by a peculiar ‘toggle- 
motion.’ The recent improvements are based- siibstenti ally upon the Blake machine, but 
with novelties in details and in arrangement, constituting a. new combination machine 
(see fig, 1914). An improved ‘cubicar jaw is tho most recent addition to tho efiicnev 
of these machines, for use when it is desirable or essential that the reduced material 
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should be well and evenly broken up to a regular gauge and cubical f >rm, as, more i ir- 
ticularly in the case of road-metal. The construction of this jaw is simple, and cunsi.sis 
in an extension of the lower end, and giving a curved form backwards to the moveal>]o 
jaw; thus, the orifice of delivery is made to terminate a parallel channel of some 3 or 
4 inches in length, wherein tho corrugations of the filled ;iii(l moveabli? jaws are so 
arranged as to alternate the one with the other, ?>., ridge against furrow, ainl ?vVr rnw? ; 
and the action of this jaw leaves little to be desired in regard to tlio evenness and n'gu- 
larity of the resulting sample of broken stone ; whence it is called ‘ cubical.’ The oonibi- 
nation of tho steam-engine, crusher and screen upon one bed is generally adoptetl. This 
combined machine is useful for the breaking up and disintegration of a ll kinds of or: s 
for the ironmaster and the miner in general. For these ]nirposes tl)e jaws can la* oliaiigod 
according to the special degree of comminution desired; and this system is l-eing 
adopted to replace rolls in various operations of poinding, on account of the fineness 
and evenness of the resulting material. A machine thus caleu]at(;d to o]H!rato nj)on 
the moot refractory materials, exercising powerful str.'iins and destructive eftleis, 
while remainin|; itself comparatively unaffected, and capable of withstanding, without 
material depreciation, the great and ‘ constant* fatigue of such operations, is, it must bo 
admitted, a valuable adjunct to the manufacturing processes in which it is available. 

Another stone- arid ore-crushing machine has been inlrodnced by Mr. J. (h Cole, of 
the Montpelier Ironworks, Walworth, and it is especially adapted for the production of 
concrete or for crushing to very small fragments any mineral or stone. It lias become 
necessary of late to jirMuce such machines as will cost the smallest amount for transit, 
iit the same time bemg equal to any work ; and the manner in which this apparatus 
appears to answer renders it an important adjunct to or in connection with stampers, 
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& 0 ., as t he material produced is very regular, and nothing escapes the jaws of this 
] ’articular Tnachinc larger than |J^-inch cube, of which size it is capable of producing 
about 25 tons of material per day. The crushing jaws are arranged on each side of 
the main shaft, and at every revolution two strokes are given, which renders it double 
acting; and. it found necessary or requisite, one pair of jaws may be set to such a 
gauge as to produce larger material than the others, or both may bo set either to a fine or 
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co;u\s(i gauge ( ./a/. 1915). In practice it is found necessary to red net* large pieces to about 
2-ineh cubes in one side of the machine. They are then placed in the other and reduced 
to fine material, and by this mejinsavery large amount of work is done with very little 
})Owcr. The Mction of this machine -will bo readily understood without a drawing. 
All the bearings are prot ected from du.st, and the a]>par.itus is so simple that every 
j’urt mny l)o got at wdtii case. The machine does lu’t Wiugli more than 50 cwts., and 
for mining enterprise, colonial or otherwise, this is of importance. There is no over- 
flow, and all pieces of stone put into the hoppers are reduced in equal proportions. 
There are only three bearings in the whole apparatus. The crushing surfaces do not 
weigh more than 1 cwt. eacli, and are easily replaced. 

A powerful stono-crusliing rnachino has also been introduced by Mr. Goodman. 

STOUTS, PRSSEHVATZOXV OP. The attention of the scientific world has for 
some time past been directed to the importance of providing a means for protecling 
tile stone of our public buildings from the ravages of time and the injurious effects 
of the polluted atmosphere of our manufaetunng and populous districts. 

The principal cause of the ruinous decay which is so apparent in the national 
edifices, churches, mansions, &c., of this country, is generally admitted to be the 
absorjition of water charged with carbonic or other acid gases, which by its chemical 
action oitlier decomposes the lime or argillaceous matter forming the combining 
medium uniting the seA^eral siliceous or other particles of which tlie stone is composed, 
or mechanically disintegrates those particles l>y the alternate expansion and contrac- 
tion caused by variations of temperature. 

Many processes have from time to time been suggo-stod, and several patents socurc'd, 
for filling up the pores of the stone, and thus preventing the admission of those dele- 
terious Jigents, but they have been mostly if not entirely composed of oleaginous or 
gummy substances or compounds, which, although posse.s.sing for a time certain pre- 
servative pro})erties, become decomposed theni.sclvc.s upon exposure, and constantly 
require to be renewanl ; whilst from the nature of tlieso applications tins discoloration 
necessarily produced is highly objectionable. 

The process of silicatisation introduced by Kulilmaun has the disadvjintago of 
requiring some considerable! time before the atmosphere can do its work of effecting 
the necessary combination between the silica applied in solution to the stone, and the 
lime contained in it, and tlierefore when it is applied to the external parts of any 
I’uilding it is liable to be washed out before solidification has been secured. Mr. 
I'rederick llansome, advancing from his siliceous-stone process a step further, meets 
the condition by effecting a chemical change at once within the stone. Mr. Kansomo 
thus describes his process: — 

The mode of oponition is simply this : — The stone or other material, of which a 
building m:iy be composed, shouKl be first cloauod by the removal of any extrane- 
ous in.TUcr on the surface, and then brushed over with a solution of silicate of 
sud.'i OT potusli (the specific gravity of which may be rsiised to suit the nature of 
tile stone or other material) ; this should l.o followed by a solution of chloride of 
calcium, applied also wuth a brush; the lime immediately combines with the silica, 
forming silicate of lime in the pores of the stone ; wliilst the chloride combines "with 
the soda, forming chloride of sodium, or common salt, which is removed at onco by 
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an excess of water. From the foregoing description it will be appjircnt that this 
invention has not only rendered the operation totally independent of any condition 
of the atmosphere in completing tlio process, but the work executed is unafiectod 
by any weather, even the most excessive rains. Experience has shown thiit where 
once applied to the stone it is impossible to remove it, unless with the surface of the 
stone itself. 

The application is one of extreme simplicity, and tlic material used perfectly in- 
destructible. The rationale of the process is thus explained : — A liquid will enter any 
porous body to saturation, whilst a solid cannot go any farther tlian the first inter- 
stices next the surface. Take, then, two liquids capable of producing, by mutual 
decomposition, a solid, and by the introduction of these liquids into the cells of any 
porous body, a solid is produced by their mutual decomposition internally ; ergo, if a 
solid could not go in as a solid it ainnotcome out as a solid, and chemical decomposi- 
tion having destroyed the solvents, they will never again bo in a state of solution. 
The patentee has secured to himself the application of this important principle ; and 
whilst we name silicate of soda and chloride of c>iilcium as the agents under mutual 
decomposition by contact for producing the chloride of sodium nnd the imperishable 
silicate of lime, there are many other ingredients capable of producing like results. 

Several large buildings in London -the Baptist Chapel in Bloomsbury, amongst 
others, — Glasgow, and other cities, have been treated with IMr. Ransome’s process ; 
a portion of the Houses of Parliament has been experimented on, and the result, so 
far as the time which has passed can test its merits, lias been satisfactory. 

BTOiraBWARlS. {Fdmicc,VT.\ !::^ee Pottkky. 

STOmAZ; 8TTZAZ. Uipi id sforn.v is obtained from the storax plant, Stt/ra.v 
officinale. The finest is a pellucid liquid, having tho consistency and tenacity of 
A^’enico turpentine, a brownish colour and a vanilla-liko odour. Tlie common, which 
is imported from Trieste in casks, is opaque, of a. grt^y colour, and of the eonsistenry 
of bird-lime. This h.'is Iteen frequently confounded witli liqiiid-ambar. Storax is 
employed in perfumery, and yields an odour, when sufiicienlly dilute, exactly resem- 
bling the fragrance of the jonquil. See Ambar, Licrin ; Peuittmkry. 

Common storax; Styrax cnlnmiia. -Tliis is imported in large round cakes, of a 
brown or reddish -browm colour. ‘ It appearsto consist of sonu! liquid resin mixed with 
fine sawdust or bran.’ — Pereira. 

Storax in the tear. — This is imported in yellowi.sh or reddish-white tears, about the 
size of peas. There are some other varieties, but the.se are uotof sufficient inij»ortaiice 
to be noticed here. Storax has l>ut little use, except ns a pharmaceutical article. 

STOVB {Povle, Caloriferc, Fr. ; (tfen, tier.) is a fire place, more nr le.ss close,, for 
warming apartments. When it allow's tho burning coals to lie seem, it is called a 
stove-grate. Hitherto stoves have rarely been had recourse to in this country i'or 
heating our sitting-rooms; the cheerful blaze and ventilation of ait open fire being 
genertilly preferred. Some arrangements have l>een introduced for close stoves, in 
which charcoal or coke was burnt, and wdiich required little or no eliimney. AVlieii 
coke or charcoal is burned very slowly in tni iron box, the carbonic acid gas which is 
generated, being half as heavy again as the atmospheric air, cfiniiot Jis'-end in tho 
chimney at the temperature of 300" J ahr.; but regurgitates into the, aptirtmeut tlirough 
every pore of the stoves, and poisons the atmosphere. 
The largu; .stoneware stoves of Franco and (iermanyaro 
free from this vice; because, being futl ■with fuel from 
the outside, tliey cannot ])roduce a reflux of' carbonic 
acid into tho apartment, wdieri their draught becomes 
feeble, as inevitably results from the obscurely Lurniug 
stoves which have the doors of tho fireplace Jiiid ash-pit 
immediaUdy above the hearth-stone. 

Stoves w'hen properly constructed may bo employed 
both safely and advantageously to heat entrance-halls 
upon the ground story of a house ; but care should bi' 
taken not to vitiate tho air by passing it over ignit ed 
surfaces, as is the case with irio.st of tlie patent stoves 
now foisted upon the public. Fig. 191 fi exhibits a ver- 
tical section of a stove which has been recommended 
for power and economy; but it is highly objectionable 
as being apt to scorch the air. The flame of the fire a, 
circulates round the horisontil pipes of cast iron, b b, c c, d d, e e. which receive the 
external air at the orifice 6, and conduct it up through the scries, till it issues highly 
heated at x, l, and may be thence conducted wherever it is wanted. Tho smoko 
fwapes through the chimney b. This stove has evidently two proininqnt faults ; first, 
it heats the air-pipes very unequally, and the undermost far too much ; secondly, the 
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air, Ly tlio time it has ascended through the zigzag range to the pipe e e, will he 
nearly of the same temperature with it, and will therefore abstract none of its heat. 
Thus the upper pipes, if there be several in the range, will be quite inoperative, 
wasting their warmth upon the sooty air. 

Fig. 1917 exhibits a transverse vortical section of a far more economical and 
powerful stove, in which the above evils are avoided. The products of combustion of 
the fire A, rise up between two 
brick walls, so as to play upon the 
bed of tiles n, where, after com- 
municating a moderate heat to the 
series of slanting pipes whose areas 
are represented by the small 
circles a they turn to the right 
and left, and circulate round tlio 
successive rows of pipes, h h, c c. 
d c c, and finally escape at the 
bottom by the flues g, g, pursuing 
a somewhat similar path to that of 
tho burned air among a bench of 
gaslight retorts, it is known that 
two-thirds of the fuel have been 
saved in the gasw'orks by this dis* 
t.ribution of tho furnace. Tor the 
purpose of heating apartments, the 
great object is to supply a vast 
body of genial air ; and, therefore, 
merely such a moderate tire should 
bo kept up ill a, as will sufldee to 
warm all tlie pipes pretty equally 

to tho temperature of 220° Tahr. ; j . .. j; , 

are open to the air at their under ends, and terminate at the upper in a common 
main pipe or tunnel, they can hardly l.'O rendered very hot by any intemperance of 
firing. If tli(i tubes bo made of stoneware, its construction will cost very little ; and 
they may bo made of any size, and multiplied so as to carry off the whole effective 
heat of tlio fuel, leaving merely so much of it in the burned air as to waft it fairly 
up the (fhimney. 

Open lire places are, and probably will ever remain, favourites in this country. 
There is no doubt that tho ordinary arrangement of our fireplaces is very defiH'tive. 
Much lu'at is lost — there is not an equal diffusion, and those sitting in the apartment 
are exposed to annoying draughts of cold air. Arranged as our buildings are, it is not 
easy to perceive how any very great improvement could bo made so long as we desire 
the enjoyment of an open fire and tho luxury of light and air. 

In the greater number of stoves proper, the objections are obvious to every one. In tho 
more common kinds of stove the tire is surrounded directly liy the surface to be Jieated, 
wliich, being placed unprotected in the room, radiates heat and warms the air by direct 
contact. iVll such are liable to become overheated, and then tho nnpleasant smell im- 
parted to the air is highly objectionable. Such stoves also dry the air, and the result 
is that headaches and other annoying sensations are proiluced. The common stoves 
need not be described. Dr. Arnott introduced, many years since, a stove in which tlio 
arrangements were very complete ; and fis the combustion was regulated with much 
facility, they were economical. The chief feature of Arnott’s stove was a mode of 
adjusting the amount of air supplied to the fire. A regulating valve is fitted to the 
aperture of the ash-pit, consisting of a frame nicely balanced, ;ind turning with the 
slightest force upon a centre ; to this is attached a steel-yard, in which are several lioles 
for the insertion of a weight. This determines exactly tho size of the opening, and of 
course regulates the quantity of air admitted to the fire. 

Ill these stoves there is a tendency, when the stove is not heated above 250° or 
300°, to the formation of considerablo quantities of carbonic acid, which finds its 
way into the room from the ashpit-door ; and when the combustion is languid, car- 
bonic oxide is often formed, which passes away by the chimney unconsumed, involving 
a loss of heat. 

Spiico will net admit of our describing tlio Dutch or American stoves, which are 
mainly modifications of tho ordinary forms, which are sufficiently well known. 

It would, perhaps, bo no exaggeration to say that with close stoves, heating 
apparatus, and otlier arrangements, in which there is no appearance of warmth, a 
much higher ternperature of the atmosphere is required to make it even feel as warm 
as in that of an apartment heated by an open fire. Indeed, it may be fairly 
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asserted that most persons will tolerate inconvenience and submit to expense, provided 
they see the cheerful blaze of the open fire, which they are ai liberty to approach 
at will. 

One of the large pyro-pneumatic stove-grates, when in full operation, is found to 
be capable of heating an apartment containing ;>0,000 cubic foot of air. Jn a very 
large church, containing upwards of 176,000 cubic thet of air, and capable of accom- 
modating a congregation of 1,500 persons, four ol’ those stoves of moderate size, 
arranged in convenient positions tow’ards the angles of the building, so that every 
individual of the congregation may see the fire, arc found to l>e sufficient in the coldest 
weather, and do not even require to be sustained in full action, except during a f<nv 
hours in the morning. One of these stove-grates placed in the hall or lower part of a 
staircase, warms and tempers the internal dimato of a large house, and gives tlio 
whole building a plentiful supply of pure fresh air. One of the smaller grates is 
capable of warming a large room. And whether in dwelling-houses, schools, churches, 
or apartments, the arrangements can readily be brought into operation at a moderate 
cost, and without any (beyond the most trilling) interference with existing structniMl 
arrangements* 

M. CTT-w wa Gorman name for radiatttd pyrites. 

STSAKZiBTBZnr. The hbrous varieties of hornblende (actiiioilU ) arc known 
to German mineralogists under this name. .See IIoknulende. 

STBASSmtO TVBPBXrrZSrB. 8ee Abies. 

8TRAS8. See Pastes. 

8TRATA* Sedimentary rocks are generally spread onf in layers called .^iraUi, 
xvhence they live knovrn i\s strflffjira' 7'ocAr. These st.ratji exhibit a definite sequence ; 
and the following table will show the order in \vhicli the several ' formations.' or 
groups of fossiliferous strata succeed each other in the British Isles, conimencing witli 
the uppermost, or most recent : — 

1. Tertiiirt/ i)i Caino 2 oic. 2. Sa\)ii<2ari / ot Ma^icoic 

Pliocene. .j- f Chalk. 

Miocene. j Upper Greensand. 

Eocene. g Gault. 

Neocumian. 

: Q AVealden. 

! fPiirbeck. 

Portland, 

Kiinmeridgc Clav. 

-i Coral Kag^ 
r: ^ Oxford Clay. 

S Cornbrash. 

I Great Oolite, 

i Inferior Oolite 
I Lidas. 

I Rhfetic Bed.s. 

) I'rias. 

BTBAWBBUtT. The fruits of various .•species of Fraaarut, siu:h as 
F. elatior^ &c. Thev belong to the natural order Jio.sacca'. 

8TBAW-aLAT*MABOTACTimS. The piodc. of preparing the Tiiv;iny or 
Italian straw is by pulling the bearded wheal while the ear is in a, soft milky side, 
the com having been sowm very^ close, and of consequence produced in a lliin, sJi(n-r, 
and dwindled condition. The straw, with its ear.s and laiots, is .sj)read out thinly upon 
the ground in fine hot weather, for 3 or 4 days or more, in order to dry ilu^ .saj) ; it, 
is then tied up in bundles and stacked, for the purpose of enabling the heat of tins 
mow to drive off any remaining moisture. It is important 1o keep the ends of flic 
straw air-tight, in order to retain the pith, and prevent its gummy partiele.s from 
passing off by evamration. 

After the straw has been about a month in the mow, it is r<‘moved to a moa(U)\v and 
spread out, that the dew may act upon it, together with the sun and air. and proinotu 
the bleaching, it being necessary frequently to turn the straw wJiile thi.s juoces.s is 
going on. The first process of bleaching being complete, the lower joint and root is 
pulled from the root, leaving the upper part fit for use, which is then sorted accord- 
ing to qualities; and after being submitted to the action of steam, for the juirpose of 
extracting its colour, and then to a fumigation of sulphur, t o complete, the bleaehing, 
the straws are in a condition to be platted or woven into liats and bcjunets, and are in 
that state imported into England in bundles, the dried ears of the u heat being still on 
straw. 


S. Pnaico'c^ or ]\dtr(/^un\ 

^ Penn Ian. 

Jr r roal-Aleasinv :'. 

^ s Millstone Grit . 

[_ A ori'd.-'Ic Rucks. 

lliAonian. 
r Jaidlow. 

'! AVeiilock. 

C4 Ll'l'P*-'!' Lhiruhn V ry. 
^ • ( Lower Idamiovny . 
^ j Bala Bed.*^. 

' ]..landeilo. 

‘ LArenig. 

! ^ = I Tremadoe Slates. 

, ^ Ihiigula I'lags. 

, t MeiU'vian. 
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Straw cannot be bleacluid by a solution of chloride of lime, as this preparation 
always turns the straw yellow. For this purpose, a cask open at both ends, with its 
seams papered, is to be set upright a few inches from the ground, having a hoop 
nailed to its inside, about six inches beneath the top, to support another hoop with a 
net stretched across it, upon which the straw is to be laid in successive handfuls 
loosely crossing each other. The cask having been covered witli a tight overlapping 
lid, stuffed with lists of cloth, a brazier of burning charcoal is to be inserted within 
the bottom, and an iron dish containing pieces of brimstone is to be put upon the 
brazier. Tlie brimstone soon takes fire, and fills the cask with sulphurous acid gas, 
whereby the straw gets bleached in the course of three or four hours. Care should bo 
taken to prevent such a violent combustion of the sulphur as might cause black burned 
spots, for these cannot be afterwards removed. The straw after being aired and 
softened by spreading it on the grass for a night, is ready to be split, preparatory to 
dyeing. Blue is given by a boiling-hot solution of indigo in sulphuric acid, called 
biaxon blue^ diluted to the desired shade; yellow, by decoction of turmeric; red, by 
boiling hanks of coarse scarlet wool in a bath of weak alum-water, containing the 
straw ; or directly, by cochineal salt of tin, and tartar. Brazil-wood and archil are 
also employed for dyeing straw. For the other colours, see their respective titles in 
this Dictionary. 

STREAM-WO&JC8. The name given by the Cornish miners to alluvial de- 
posits of tin ore. 

STREET MUR. This is a day of utilisation. We have already found out 
plans for turning old clothes into money, for making our fields fertile l^y using the 
refuse, and now the proverb ‘ cheap as dirt ’ seems likely to lose all its force. * The 
Engineer,' speaking of the wet mud called ‘ Macadam milk,’ which covers the streets of 
Paris in the rainy season, says : ‘An adventurous individual has found an applica- 
cation for this stuff, and at the same time, it is said, an income of 400^. a year for 
himself. .He collects tlie ••milk,” allows it to settle in largo tanks, passes the precipi- 
tate through silk sieves, and forms it afterwards into what we call Flanders bricks for 
kuife-cle.aiiing. whi(rh sell at a franc, each.’ 

Upon this jMr. John X’hillips rotnarks, ‘ that by a, similar process, and from similar 
material, stone or brick for cloauing or polishing steel and brass, and which is locally 
known fis “rotten stone,'* has been for many j’ears, and still is, manufactured at the 
A Her AVorks, near Newton Abbot. The roads in the neighl^onrhood which supply the 
raw material are macadamised with Hints, which espocially adapts it for this purpose. 
If cre<lit is duo anywhere for this utilisation of waste, let it not be monopolised by 
France, but let Devonshire claim its fair share.’ 

STRETCKIRG MACBZITE. Cotton goods and other textile fabrics, either 
white* or printed, are prepared for the market by being vStretched in a proper machine, 
wdiich lays all their warp and woof yarns in truly parallel positions. A very ingenious 
and effective mechanism of this kind was made the subject of a patent by iVIr. Samuel 
Morand, of Manchester, iu April 1834, which serves to extend the width of calico 
pieces, or of other cloths woven of cotton, wool, silk, or ffax, after they Inn'e become 
sliriink in the proce.sses of bleaching, dyeing, &c. The limits of this volume will 
not admit of its description, The Specification of the patent is published in • Newton's 
Journal ’ for December 1835. 

8TRZRGS, a mmeya term. The name given by the Cernish miners to the small 
filamentous ramifications of a metallic vein. 

STRXRGT-BARR TREES. The great stringy -hark gum-trees of Austr.'Jia 
are various species of Eucalyptus. They are so called in coiisequeuco of the l);ii*k 
sep!irating in fibrous layers. 

STRZPPZlffG XiZQUZB, SZXiVERSMZTB’S, consists of 8 parts of sulphuric 
acid and 1 part of nitre. 

STROMETERZTE. A siilpliido of copper and silver, found in Siberia, Silesia, 
Chili, and Peru. 

STRORTZA {oxide of strontium, ^rO), one of the alkaline earths, of which strontium 
is the metallic basis, occurs in a crystalline state, as a carbonate {strontianiie) in the 
lead mines of Strontiaii in Argyleshire — whence its name. The sulphate {oelestine) is 
lound crystallised near Bristol, in New Red marl, and in several other localities ; 
but strontiaii minerals are rather rare. The pure earth is prepared exactly 
like liarytji, from either carbonate or tlio sulphate. It is a greyish -white, porous 
m;iss, infusible i?i the furnace, not volatile, of a specific gravity between 3'0 and 4'0: 
3-'.)2:il [ Korsleu ) ; having an alkaline reaction on vogeUible colours, an acrid, burning 
taste. shar])or tliaii lime, but not so corrosive as baryta, potash, or soda. It becomes 
hot when moistened, and slakes into a white pulverulent hydrate, dissolveft at 60° 
in 50 parts of water, and in much less at the boiling point, forming an alkaline 
solution, called strontia-whteTy which deposits crystals in four-sided tables as it cools. 
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These contain 60’9 per cent, of irater, arc eoluhlo in 62 parts of water at 60® and in 
2*4 parts of boiling water ; when heated they part with 60 per cent, of water, but 
retain the other parts, even at a red bent. The dry earth consists of 84’6 of base, 
and 16*4 of oxygen. It is readily distinguished from "baryta, by its inferior solubility, 
and by its soluble salts giving a red tinge to flame, while those of baryta give a greenish 
tinge. Fluosilicic acid precipitates the salts of the latter earth, but not those of the 
former. The compounds of strontin are not poisonous, like those of baryta. The 
only preparation of strontia used in the arts is the Nttiiate. — H. AV. B. 

8TROVTZA, C8JR80aritT£ OP- SrO.CO- (SrCO*). See Strontianite. 

BTROITTZA.VXTRATSOF. SrO.NO^ [Sr(lfO*)"]. Nitrate de utrontiane, Fr. ; 
Salpetersaurcr Strontian, Ger.) This salt is usually prepared from the sulphide of 
strontium, obtained by decomposing Ihe sulphate with charcoal, by strong ignition 
of the mixed powders in a crucibh*. This sulphide being treated with water, and 
the solution being filtered, is to lie neutralised with nitric acid, as iTidicated by the test- 
of turmeric-paper; care being t;iken to avoid breathing the noxious sulphurett(‘d 
hydrogen gas, which is copiously disengaged. The neutral nitrate being properly 
evaporated and set aside, affords colourless, transparent, slender, oclahedr.d cryst als. 
It has a cooling, yet somewhat acrid taste; is soluble in 6 parts of cold, and in 
one half-part of boiling water. Its principal use is the preparation of ‘ red fire ’ fi>r 
pyrotechnic works and theatric^al effects. A very beautiful exhibition of red fire is 
obtained by preparing a gun-paper, In- treating ordinary bibulous ])aper with nitric 
and sulphuric acids, and then well washing it; wlien quite free from acid, it is to be 
dried, and then saturated with a solution of the chloride or nitrate of strontia, — 
H. W. B. See Ptrotechxv 

STKOITTZA, SU’IJ PHATC OP. SrO.SO-' (SpSO«). .S.'C th;m stixi;. 

STROVTZAlSrZTE. Native earbonatc of strontia. 

STROlTTZirM. TJio metallic base of the <'artli strontia; first obtaiind 1 v Sir 
Humphiy’ Davy, in 1808. It is prepared in the same way as barium. See Bai.it .m. 
See Watts’s ‘Dictionary of Chemistry.”' 

STSTCBSrnrE. CS‘*H“X=(.)‘ *( Phe bitur ])oisonoiis principle 
contained in the different ftpecir.,s of ^Irychvos. It is u.snally extraidcd for comim reial 
purposes from the nux-vomica bean, the seed of the S. rn^nica. It is a well-marked 
alkali, and yields a great number of crystalline salts with acids and metallic chloridcc. 
Its true constitution has been fully made out bv the researches of Alessrs. Nieliolson 
and Abel. Although a most valuable medicine in paralytic afici*ti(>us. wlieii onjjdoyed 
ill very small doses, it is a dangerous remedy in unskilfni liands, and has the cause 
of numerous deaths arising ircnn carcles.sness, without reckojiing tlic many wIjo Jmvc 
been destroyed by it at the iumds of the poisoner. Some years ago a ]»aiiic was occa- 
sioned by a rumour of its enqdoyment f<»r the purpose oi giving a bit;, r fiavtmr to 
beer; this has been shown to be iiicorivct. Still tlie quantities of ii ]>ro'lueed annually 
by various manufacturers could not fail to excite attention and nneasim ss. As iiu’.cii 
as 1,000 ounces have been known to be purchased at one time. It lias Ijcen ]U’ov(id, 
liowever, that the chief use is for the de.struction of -wild animals in Australia aud 
other thinly-peopled lociilities. A great number of ]a’oecsst‘s have brcii devisni ioc 
its preparation; but, afwir having l)ecn subjected to the txtraclive o})( rations, tie- 
bean is generally found almost as bitter as before, in-'.ieat ing a want of ecoiiumy in 
the methods. Probably the best method of cxtrac;i<m would Ive to tlisinteijrate tl,-' 
beaus W’ith strong sulphuric acid (wbicli is without action on strychuineb and llu n. 
after the addition of excess of .'ilkali, to dissolve out the ba.se with benzole or ehJoi<.- 
form. The latter being distilled off' would leave iJie stryehnino nearly jnire, and only 
requiring crystillisation. It has been shown by John AVilliaius, tliat one Lean wiil 
by this process yield a con.siderable quantity of ei-ystals of pure stryelinine. 

8TIFCCO. See Stoni;, Artificial. 

mUMMMUC ACZP (from Sidicr, Lat. ‘cork ; ’ Kornmim , G(!r.) is jirepared bv diges- 
ting grated cork with nitric acid. It forms crystals, which sublime in wliite vaf)oiirs 

when heated. 

It may also be obtained by boiling nitric acid witli stearic, margaric, or oleic acids. 

BimUKATS, is any solid matter resulting from condensed vapours. iSee Con- 

HOSIVB SUBLIKATE. 

BUBUSKAnOETf the process by which volatile matter is evaporised ly lieat. ami 
then condensed into a crystalline mass. For example, if gum benzoin is kept in a 
melted state, and even a cap of paper kept above it, t ln^ ben/oie acid is lir.'-t volatilised, 
and then condensed on the paper. For an example of sublimation, see Ammonium, 

C hlorto b of, 

^ BVBMASnn liAlgP* M. J. D. Pasteur, of Gennep, has invented a very 
Bimpleand ingenious lamp for the use of divers. The great exjjense and trouble con- 
nected with the use of the electric light for diving apparatus led M. Pasteur to form 
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the idea of a much cheaper and more practical lamp to burn under water ; how the 
atmospheric air under pressure in the helmet of the diver, by moans of the air-pump, 
is but partially deteriorated, and M. Pasteur tried to examine whether the remaining 
oxygen was still sufficient to maintain the light of an ordinary petroleum-lamp. The 
trial which he made for that purpose succeeded perfectly. On the opening in the 
helmet, where, by means of the valve, the consumed air escapes into the water, is 
screwed an India-rubber tube, -J-inch diameter and 4 feet long, to which the water-tight 
lam]) was attached. The side on which the air enters the lamp was, as in the helmet, 
divided in such a way as to prevent the light from being blown out, and to distribute 
tli(3 air, as much as possible, under and around the flame. The little valve-spindlo, 
placed upon the helmet to prevent the entrance of the water, was taken away and put 
on the top of the lamp. Pehind the light was placed a ptirabolic mirror, and on tlio 
front side a convex glass ; to the back was fitted a crook to carry the lamp, whether 
in the hand or on the breast. M. Pasteur had the satisfaction to read with this lamp 
under water small hand-writing, and observed at the same time that neither the car- 
bonic acid nor tlie vapour of water breathed out by the diver had any influence on the 
illuminating powers of the flame. 

sveenrxe acxb, or Acid of amber {^Acide succhiiqttc^ Fr. ; liernsfeinsdurej Ger.), 
was formerly obtained by the destructive distillation of amber, in which process it vras 
accompanied by an essential oil, and a little acetic acid ; it was purified by being 
precipitated as succinate of load, which, after being well washed, was decomposed ])y 
the ('cpiivalent quantity of .sulphuric acid; the solution of succinic acid, thus obtained, 
was evaporated, and allowed to cool, when the succinic acid crystallised out. It 
seems to exist ready formed in anib(‘r. 

It is easily obtaimui artificially by acting on sb'aric or palmitic acid with nitric 
acid. It also occurs in the leaves of the wormwood, and in many of the resins of the 
]iii)e tribe. It may likewise be obtained by fermenbition from asparagin, and from 
malic acid, inalate. of limo yielding nearly one-third of its weight of it. 

In order to produce it from malic acid, 8 lbs. of crude malato of limo are to bo dif- 
fused tliroiigli a gallon of warm water, and 4 ounces of decayed cliocse added to tlio 
mixture, which is to bo kept at the tempijralim^ of 100° for about a -wei'k. Carbonic 
acid is disengaged, whilst a mixture of crystallised carbonate and succinate of lime is 
deposited, and acetate of lime remains in solution. 

StTCCXISrXTX:. Prof. Dana has applied this name to the insoluble resin which 
forms about 80 per cent, of ambc'r. See Amijkr. 

SXTST. The internal fat of tlio alidomen of the sheep. See Tallow. 

SITGAK (Sucre f Fr. ; Zuclrr, Ger.) is, with some slight exception, the .sweet 
constituent of vegetabh; and animal products. It may be distinguished into three 
principal species. The first, which occurs in the sugar-cane, the boet-root, and the 
maple, cr 3 "stallises in olilique four-sided prisms, terminated by two-sided summits; it 
has a sweetening power, wliich may be represented by 100 ; and in circumpolarisation 
it bonds the luminous rays to the right. The second occurs ready formed in ripe 
grapes and other fruits; it is also produced by treating starch with diastase or sul- 
jdiuric acid. 'Idiis species forms cauliflower concretions, but not true crystals; it 
lias a sweetening pow('r, wdiich may be represented by 60; and in circumpolarisation 
it bends the rays to the left. Berthelot has shown that a moderately strong solu- 
tion of glj'c'erine, in contact with certain animal membranes, is found, after some 
weeks, to produce a substance with the properties of grape-sugar. Guo pint of gly- 
cerine in 10 ] lints of water is added to the membrane, which may amount to ^th of 
the weight of the glycerine. IIio time required i.s 10 to 12 weeks. If putrefaction 
begins, it is destroyed. The third variety is found in fruits, and also in sugar which 
lias been long boiled, or heated with acids ; this is (‘ailed fruit-sugar. Besides those 
three principal kinds, the sugar of milk, and the sugar of manna or inannitc^ are 
found closely allied, and may be called two otluT species. Allied to these is sot- 
bine, extracted from the elderberry, and mosite^ wliich occurs in the flesh of animals. 

Sugar, extracted either from the cane, the beet, or the maple, is identical in its pro- 
perties and composition, when refined to the same ]»itch of purity ; that of the beet is 
said to surpass the other two, since larger and firmer crystals of it are obtained from 
a clarified solution of equal density. Sugar melts at 320° Fahr., and on cooling forms 
a transparent substance usually called barley-sugar. When heated to between 400° 
and 410° Fahr. it loses t\ro equivalents of water and becomes brown. Sugar thus 
fused is no longer capable of crystallisation, and is called caramel by the French, and 
is used for colouring liqueurs. Indeed, sugar is so susceptible of change by heat, that 
if a colourless solution of it bo exposed for some time to the temperature of boiling 
water, it becom{‘S brown and partially uiicrystalli sable. Acids exercise such an in- 
jurious influence upon sugar, that after remaining in contact with it for a little while, 
though tliey be rendered thoroughly neutral, a great part of the sugar will refuse to 
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ciyfitallise. Thus, if oxalic or tartaric acid bo added to sugar in solution, and boiled, 
no crystals of sugar can be obtained by evaporation, even though the acids be neutra- 
lised by chalk or carbonate of lime. By boiling cane-sugar with dilute sulphuric acid, 
and keeping it at least at 160° Fahr., it is changed into grape-sugar, and then entirely 
into unciystallisable sugar. Nitric acid converts sugar into oxalic acid. Alkaline 
matter is likewise most detrimental to the grain of sugar ; as is always evinced by the 
large quantity of molasses formed when an excess of lime has been used in clarifying 
the juice of the cane or the l-^eet. 

Manufacturers of sugar should, therefore, bo particularly watchful against the for- 
mation of acid from decomposition, or the introduction of an^' excess of alkali, or 

alkaline earth. 

Sugar is soluble in all proportions in water, but it takes four parts of s})irits of wine 
of spec. grav. 0*830, and 80 of absolute alcohol, to dissolve it., both being at a boiling 
temperature. As the alcohol cools, it deposits the sugar in crystals. Canncliscd and 
uncrystallisable sugar dissolve readily in alcohol. Pure sugar is unchangeable in the 
air, even when dissolved in a good deal of water, if the solution be kept covered in the 
dark; but with a very small addition of gluten, the solution soon begins to ferment, 
whereby the sugar is decomposed into alcohol aiui carbonic acid, by the action of the 
air ; it then passes into acetic acid, when it ma3’' be still farther decomposed. 

Sugar forms chemical compounds with the salifiable bases. It dissolves readily in 
caustic potash-lye, whereby it loo.se6 its sweet t;iste, and affords on evaporation a mass 
whicJi is insoluble in alcohol. AVhen the lye is noutraliscti by sulphuric acid, the 
sugar recovers partially its sweet taste, and may l)o separated from the sulphate of 
potash by alcohol, but it will no longer crj’slallise. 

Cane-sug^ is soluble in all proportions in boiling water, and in J- of cold. 

It is sparing!}" soluble in alcohol of 70 pc. and insoluble in absolute alcohol. Tiie 
following table, by Pajxm, shows the quantity of sugar contained in saccharine 
solutions of various specific gravity tit o9° Fahr. : — 


Parts of sugar 

Part- of water 

Specific gravity 

100 dissolved 

ill 60 give 

B\-rup of 1-346 

100 

00 

„ 1 -322 

lOO 

70 

1-297 

100 

80 

„ 1*281 

100 

90 

„ 1*266 

100 

loo 

1-267 

100 

120 

3-222 

100 

HO 

1*200 

100 

160 

» M87 

100 

180 

„ 1176 

100 

200 

„ 1170 

100 

260 

1*147 

100 

360 

„ 1-ni 

100 

460 

1*089 

100 

650 

1-074 

100 

660 

1-063 

100 

750 

„ 1-066 

100 

946 

„ 1-046 

100 

1145 

1-030 

100 

1945 

„ 1-022 

100 

2445 

1-018 

100 

2945 

1-016 


The following table appeared in a previous edition of this work, and has been 

much used : — 

Bmeax in one hundred parts 

by weight Sp. gr. at 60° 

66*666 . . 1*3260 

60*000 . . . 1*2310 

40 000 . . 1*1777 

36*383 . . 1*1400 

31*260 . 1*1340 

29*412 . . . 1*1260 

26*316 . . 1*1110 

The annexed table, constructed by Neimann for the normal temperature of 63° 
isith the same object, will be found useful : — 


jbugar in one hundred parts 
I by weight gr. at 00'^ 

26-000 . . . M046 

21*740 . . . 1*0906 

20 000 . . . 1*0820 
16-666 . . . 1*0686 

12*600 . . . 1*0500 

10*000 . . 1*0396 



SUGAR 


927 


Sugar 

Water 

Specific gravity 

Sugar 

Water 

Specific gravity 

0 

100 

1 *0000 

' 36 

04 

1*1582 

1 

99 

1*0035 

37 

63 

1*1631 

2 

98 

1*0070 

38 

62 

1*1681 

3 

97 

1*0106 

39 

61 

1*1731 

4 

06 

1*0143 

40 

60 

1*1781 

5 

95 

1*0179 

41 

59 

1*1832 

6 

94 

1*0215 

! 42 

58 

1*1883 

7 

93 

1 0254 

i 43 

57 

1*1935 

8 


1*0291 

44 

56 

1*1989 

9 

91 

1*0328 

! 45 

55 

1*2043 

10 

90 

1*0367 

46 

54 

1*2098 

11 

89 

1*0410 

47 

53 

1*2153 

12 

88 

1*0456 

48 

52 

1*2209 

13 

87 

1*0504 

49 

51 

1*2265 

14 

86 

1*0552 

50 

50 

1*2322 

15 

85 

1*0600 

1 

49 

1*2378 

16 

84 

1*0647 

52 

48 

1*2434 

17 

83 

1 *0008 

! 53 

47 

1*2490 

18 

82 

1*0734 

'j 54 

46 

1*2546 

19 

81 

1*0784 

! 55 

45 

i 1*2602 

20 1 

80 

1 0830 

; 56 

44 

i 1*2658 

j 21 I 

79 

1 *0875 

! 57 

43 

1 1*2714 

i 22 

78 

1*0920 1 

58 

•12 

i 1*2770 

1 23 i 

77 

1*0965 

; 59 

41 

1*2826 

t 24 

76 1 

1*1010 

! 60 

40 

1*2882 

25 

75 

1*1056 

li 61 

39 

1*2933 

i 26 i 

74 

1*1103 

i 62 

38 

1*2994 

! 27 

73 

1*1150 

63 

37 

1*3050 

i 28 

72 

1*1197 

64 

36 

1*3105 

1 29 

i 71 

1*1245 

65 

35 

1*3160 

j 30 

70 

1*1293 

66 

34 

1*3215 

i 31 

69 

1*1340 

67 

33 

1*3270 

i 82 

68 

1*1388 

68 

32 

1*3324 

1 33 , 

67 

1*1436 

69 

31 

1*3377 

1 34 ! 

1 .5 J 

' 66 

1 65 

1*1484 

1*1538 

70 1 

30 

1*3440 


The spt^cific gravity of crystallised cane-sugar is 1*594. Crystallised cane-sugar 
seems to be the most complete type of sugar known. Its crystals are the largest and 
most regular, and its taste the sweetest. These crystals are rhomhoi'dal prisms, and 
appear largest in the form of sugar-candy. When boiled much or heated with acids 
it would appear tliat a lower form of sugar resulted, namely, grape-sugar. 

At o00° sugar loses 0 6 per cent., and remains uninjured after seven hours ; it melts 
at 320°, and at this point it set.-nis to have lost .some of its sweetness, and probably a 
portion of water, d'lio same result is obtained at a lower temperature if more time 
is allowed. The colour is changed to an orange-yellow at 410° : the sugar loses 
throe equivalents of water, becomes gradually brown, has an cmpyreumatic taste, and 
is called cara7iui. With a lieat approaching to a red heat, carburettod hydrogen, 
carbonic acid, acetic acid, and empyreumatic oils arc produced, and Ciirbon remains, 
amounting to 25 per cent, of the original mass. 

Solutions of sugar are decomposed by caustic alkaline solutions, and by hot solutions 
of the carbonated tixed alkalis. Under these must be included both baryta and lime, 
if heat is to be long used : both of these subsbiuces form compounds with sugar. The 
compound of sugar and lime is very soluble in cold water, hut is precipitoted on heat- 
ing. The amount dissolved is shown to be of true equivalent, by the inquiries of 
Peligot, who has proposed an ingenious method of ascertaining the amount of sugar in 
a solution by the estimation of the lime which it will dissolve. The lime in this pro- 
cess is estimated alkali metrically by means of an acid. The following table has been 
constructed by M. Peligot for calculating tlie rc.sults (see next page). 

Saocharimetry . — We now come to the estimation of sugar, which is most simply 
performed by the hydrometer, when the solutions are pure and the kind of sugar 
known. But commercially it is required to ascertain the proportions of cane-sugar, un- 
crystallisable sugar, water, and impurities, and this is accomplished most successfully 
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Quantity of Bugar 
dissolved in 100 
parts of water 

Density of symp 

Density of syrup 
when sntnrat' d 
j with lime 

' 100 pnrtp of rosidne dried at 12^)® 

1 eontaiu 

1 i 

40-0 

1T22 

1 

1 1T79 

1 Lime 

1 21*0 

Snj-'ar j 

79-0 1 

37*6 

ITIG 

1 1-175 

20*8 

79*2 i 

36-0 

MIO 

1*16(5 

20-5 

79*5 

32T> 

ITf.'i 

1 159 

20-3 

79*7 ! 

30-0 

1-09G 

J148 

201 

79-9 

27-5 

1*089 

1*139 

19*9 

80*1 

26-() 

' 1*082 

1 1*128 

19*8 

80*2 

22-6 

1*075 

1*11(5 

19*.3 

80*7 

200 

1*0(58 

1*104 

188 

81*2 i 

17-0 ] 

, 1 *0(50 

1 *092 

18-7 

81 -.3 

ir)0 1 

1052 

1 080 

18*5 

81 -.3 

12-0 1 

1*04 1 

1*067 

IS*;; 

81-7 

lO-O ! 

1 03(5 

1*053 

18*1 

81-9 

7'fi 

1*027 

1*040 

16*9 

83-1 

50 

1'018 

1*026 

15-3 

84-7 

2’5 

1-009 

1*014 

13-8 

1 

8(5*2 ! 


by incaufi of tho polarising sarcharonjcl.c r proposed Ity Iliol and improved ]>y .So’cil. 
The following is a description of this beautiful instrument : — Two tubular parts, r t', 
and t" t''\ f qs. 1019 and 1920, constitute the principal part of the saceiiaroineter. 
Tho light enters n, through a Nicol’s prism q (shown scjjarately, /y. 1919, at o), and 
passes first an Jichrt)matic polarising prism p (shown separately at r) and aftorwjirds 
through u plate of quartz of double rot ation iitp\ whicli is also sliown at q. Tliis plate 
is composed of two semi-discs cut perpendicularly to the axis of crystallisation ; but 
though exactly of equal thickness and equal rotiiting power, the one turns tho ray to 
tho right, while the other turns it to the left. u\t p', tho ray passes a ]ilate of quartz 
of single rohilion, and at / /', two w'edges of quartz enilued v, it ii tho power of rotation, 
but in a contrary direction to the preceding plat('. These two wt;dges are again repre- 
sented at A {Jiq. 1920), and are so made that, by turning the milled head n. the sum of 
their thicknesses can be increased or diminished at pleasure, wliile tlie amount of ihiek- 
noss is shown by the ivory graduated scale c c', and vernier e r. I'inally, the. ray 



trar^es an analysing prism c, and an oyo-pioco i.. If the instrument is directed to 
the light, the observer will see a luminous disc, bisected by n central line (produced by 
tlio junction of the two semi-discs of quartz) of exactly the same tint, but which tint 
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mnv l>c v,\ricil at pIoasurG, by rotating the Nicors prism !>y moans of the milled 
head K Jf, however, we interpose between jt' and the luho I'.Juj. lUlD, filled with 




a solution of cane-sugar, and tho ends closed with glass, tho scnii-disos will bo 
dijFrrmiij/ coloured. Cane-sugar, possessing the ]>()wer of eireiilup polarisation, 
combines with tho rotating p{)wer of the half-disc whicii turns tin* ray to tho right, 
but tends to noutraliso tho half-disc, whose direction is the reverse, bv iinTiasing 


or diminishing tho thickness of tho wedges of qu.artz I l\ to th-' » .vtent reijiiired for 
counteracting their rotation to tho right, and causing tin? sonii-discs to reussuruo tho 
Slime colours, wo have a means by the trra'luated scale c c', c e', of ineasuritig the 
rotating power, which is exactly }>roportion.il to the ainonnl o!’ cane-sugar, teMq>era- 
tures being equal, and no foreign sub.''tancc having ilio power of circular polarisation 
being present. 

To apply this method, tho doviation mii.^^t bo known which is produced hy a solu- 
tiuii of sugar of know'n strength. For this purpose a given weight, f, r>f sugar is 
tii.s.solvcd in such a quantity of distilled W'ater that tlio solution occupies a given 
volume, V. Sufiicieiit of tliis ^olutiou is hike n to fill a tube of certain length, and 
the deviation suffered by the plane of polarisation of the luminous ray passing through 
this tube is measured. Let thi.s deviation ho a. Let then other tjiianfitit.’s ol sugar 
I'O dissolved in siitlicieiit water to givo tho samu volume of soliitiou, V; audh t ‘lu' 
deviations produced by these stdution.s in the same tube be a', a", a!'\ &c. ; tlieti 
tho quantities of sugar contained in the volume, V, of these liquids will lu> rc[>rt!- 


sentod by the products < 


, &c., respectively. If tho sugar examined 


instead of being pure, is mixed with other but inactive substances, it is evident, tliat 
the.so same product.s expres.s tho ab.solutu weights of pure sugar eonfained iu the 
weights of .^ub.staiices employed In the formation of th(j liquids eg’ tho given volume, 
Jt is po.ssihlo to employ proof-tuhes of different lengtli.s ; hut it is llien iioce.ssary 
to reduce bv calculatifjii the observed deflections to those whii.di would iiave been 


jToiuced in the same tube. 

It often happens that solutions of sugar wdiieh have to 1)0 examined are tur])id or 
strongly cfdoured. When this iiilerferes with the examination, they must bi- el.irilic.l 
and rendered either quite colourless, or when thi.s is not |x>s>ibio tlir* eolour mu.''t 
be at least reduced. 'J'his is often cffccty/l l>y precipitating the i'ob,iirji;L'--nja!ti r "f 
tlte syrups wdth subacetate of Iciid ; but the mo^t acciiralit met!;o(! is bv a filter of 
animal-charcoal. The filtrates are then examined. When syruos contain, be-id's 


cane-.sugar, other constituents which exert an action upon the {'lane of p dariMition, 
the amount of cane-sugar present may be determined by invert lug, l y means of 
hydrochloric acid, the rotatory power of tUe cane-sugar. No ollitr saccharine snb- 
Ftaiu'c is, in fiict, known W’hich sufiers a .similar change under the sanm circumstances. 

It, b'r inslance, the liquid under examination contains besi'les cane-sugar, g^l uco.se, 
whose rotatory action on the plane of pidarisation is in the same direction as that of 
c.aiie-siu^ar ; if a' la* the deviation ob.servuJ to be produced ly the liquid, then a' i.s 
evidently ilio sum of the separate deflections of the cane-sugar x. and of the glueo.ve, 
.V. About oac^tenth of its volume of hydrochloric a<-jd i.s added to tho syrup, and it 
is kept lor t. n minutes at a temperature of 140^— 154"^ Tho cujie-sugar is thereby 
completely transformed into noncrysiallisiible sugar, which Liim.s the plane of polarisii- 
lion to the left, while the rotatory power of the glucose undergoes no alteration. When 
this change lui.s !>een eflTected, tho new deviation, o", of the liquid is observed. It is 
now the difference between the deviation y, of the glucose and that of the noncryS' 
tallisable sugjir derived from tho cane-sugars. But tho degree of dilation of tho 
VoL. 111. 3 0 
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liquid haring Ijeen changed by the addition of the hydrochloric acid, the deriation 
observed o'', must bo replaced by the deviation, -j- o", which would have hern ob- 
served if the inversion could have been profhico l tlio addition of hydrochloric 

acid. Admitting therefore that a quantity of canc-suLrar wliich effects a deviation, x, gives 
rise to a quantity of noncrystalli sable sugar wliich effects a deviation, r x, we have — 

Before the inversion, x + y-a*. 

After the inversion, y + r .t =» - a . 

From these two equations the quantities x and y may t>e determined. The co- 
efficient of inversion, r, is determined once for :dl by a spef*ial ( xperiment performed 
upon pure cane-sugar at tlie temperature at whieh the ex}teriments have aflerwanis 
to bo made. According to Biot, this coeiheient is (rOoH for hydrochloric acid at a 
temperature of 7 1 "O”. 

The process is tlie same wlien the cane-sugar is mixed w'th nonerystiillisable sugar, 
turning the plane of y*olarisat.ion to the b fl. In this a^e ihe initial dcviatifiii a', of 
the liqhid is the difference b(‘twi-en the ih-vialion ie tia* right r, of tin* eaiu'-sugar, 
and the deviation ;r, to the left of the noiuTVhta disable sugar. After treating with 
hydrochloric acid, the diviatioii. a', is conij><>.sed of tie' tieviafions of the original 
iioncryst'illiHal)le sugar, and of that produc.ed by the aclioii of the hydrochloric acid. 
Wo then have— 

Before the inversion, a* — r = a’. 

10 

After the inversion, r + ?’ x = -^^ a". 

It is important in examining ojitically iioncrysUillisablo sugar always to employ 
the same tempera turo, because a change of te.mptTiitiiro materially affects the rotatory 
power of this kind of sugar. 

The Tail ! 0 appended on th(' following pages includes each degree of temperature 
from + 10 to + Jl/i ( ^'iitigrade. and for qualities increasing in hundred! hs, this rang(^ 
lieing found sufficient for all practical purposes (utlier in Ihirope or the t’olonies. 

To ndte the t-emperatnre at which tlio observation is made, a t ube c - It) 10. pro- 
vided with a vertical branch, is employed. In this br.aneh a thermomeler, bis jdaced. 

The following are two exam]>lo.s of the use of the dal le : — 

1. A solution of a saccharine substance prej>ared in the normal }»ro- 
portions of weight and volume recommended, and giving before acidu- 


iation a notation on tin* left-hand ])art of lh(' .scale of . . . . 7o divi.sions. 

And after the, invc'rslon (the temperature being -f a iiobition in 
the opposite direction of . . .20 divisions. 

Sum of the inversions 95 divisious. 

2. Another liquor similarly prepared, giving before the inversion a 
notation on the left of 80 divisions. 

And after the inversion, at the temperature of + 20°, another notation 
of the same direction, but only of 26 divisions. 

Difference expressing the value of the inversion . 5-1 divisions. 


The strength of tlie two solutions will be found thus ; for the fir.st, by seeing wh.it 
is the figure of the column representing 15°, which is the m^arcst U) the sum (;f tlu? 
inversion, 65 divisions : it will bo observed that tlii.-^ figure i.s 9.V5, and that it corre- 
sponds to quality 70, shown on the same horizontal line in the last column but one. A ; 
hence we conclude that the substiinco contained 70 per cent , of sug.ir. 

As to the second solution, the figure nearest 54 is 56-6, in tlie column for the tem- 
perature of+ 20°, and the strength sought will be 40 per cent, on the siime lino in the 
column of qualities. Finally, we shall find, beside.s, in tlio la.st eolmnn, B, of tlie 
table, the quantity in grammes and centigrammes of tlie sugar contained per litre in 
the solution, which is IHgrs. 46cgrs.for the first, and 65 grs. 4(>cgrs. for the second. 

Other methods for the estimation of sugar liave been adopted. We have alreaily 
described Peligot’s method by means of lime. When sugar is formed from stareh. iia 
complete saccharification may be determined by tlie action of sulphuric acid, for if on 
a strong solution of imperfectly-formed grape-sugar, nearly boiling hot, one droj) of 
strong sulphuric acid be added, no perceptible change will ensue, but if the acid bo 
dropped into solutions of either cane- or perfectly-formed grape-sugar, black carbo- 
naceous particles irill make their appearance. 
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The black oxide of copper Is not affected by being boiled in solution of starch- 
Biigar. 

‘If a solution of grape-sugar/ says Trommor, ‘ and potash be treated with a solu- 
tion of sulphate of copper, till the separated hydrate bo re-dissolved, a prc'cipitato of 
red oxide will soon take place, nt common temperatures, but it immediately forms if 
tlie mixture is heated. A liquid containing yniuioo grape-sugar, oven one-millionth 
part,’ says he, ‘ gives a perceptible tinge (orange), if tlio light is let fall upon it.’ To 
obtain such an exact result, verj’ great nicety must bo used in the dose of alkali, 
which is found extremely difficult to hit. AVith a. repilated alkaline mixture, how- 
ever, an exceedingly small portion of starch-sugar, is readily detected, even wlicu 
mixed with Muscovado sugar. 

Fehling has reduced this to a quantitative test, and makes a solution of copper that 
will keep permanently. Tliis is seen by the following ; — 

40 grammes of sulphate of copper, 

160 grammes of neutral tartrate of potash, or 200 grammes of tartrate of soda, 
dissolved and added to 

700— -800 cub. c. (gramme's of caustic soda, specific gravity IT 2). 

This is diluted with water to 1154‘6 cub. c. 

Of this solution 1 cub. c.^O’OOliO grape-sugar, or 
0 00-175 cane-sugar. 

Grains may be used instead of grammes, and then 1 grain = 0'0050 grape-sugar, 
without change of calculation. 

100 parts of grape-sugar , , , *] 

95 „ cane-sugar . . . - =^220‘5 CuO, or 198 Cu^O. 

90 .. starch . . . . J 

Irinc may be tested witli this. It slioubl bcTIrsl diluted 10 to 20 times with water; 
mIkui test is aaded. it should be boiled a lew settoiids, when the siiboxi do of copper 
falls. Very coustGnt results may be obtained. 

Horsley detects minute quantities of sugar by menus of chromate of potash. 

0/ the Sugar-rcuir,, avd the extract urn oj svqar from it . — Though we hav(‘ no direct 
authority for believing that the sugar-tYe;/e was known to liie ancients, we I’md scattered 
through their wiatnigs notices of the occasional use of sweet substances different from 
honet*. 

The writers alluded to are the.se: Theophrastus. Dioscorides. Galon, Strabo, and 
J liny; s<.)mt‘ of them speak distirictl}' of canes and reeds. Humboldt. aft(T the most 
elaborate historical and botanica] researches in tlie New World, arrived at tlie 
conclusion that before America wa.s discovered by the Spaniards the inhabitants of 
t.iat continent and the adjacent islands were entiredy unacquainted willi the sugar- 
canes, vith any of our coru-plants, and witli rice, The progressive diffusion of tlie 
cane has been thus traced out by thi- partisans of its oriental origin, l^'rom the in- 
torn^ of Asia it was transplanted first into Cyprus, and llience into Sicily, or possildy 
by the baraceiis directly into the latter island, in which a laigu quantity of sugar was 
manufactured in the year 1148. Lafitan ndates the donation made by William 11,. 
King of Sicilyq to the convent of St., dlenoit. oi a mill for crusliing siigar-cane-s, along 
with all its privileges, workmen, and dej)end( ncies : which reniarkable gift bears the 
nate of 1166. According to this author, the sugar-cane must have been imported into 
Kurope at the period of the Crusades. I'he rn'ink Albertus Aquensis, in the descrip- 
tion which he has given of the processes emplfm-d at, Acre and at Tripoli extract 
sugar, says that in the Holy Land the Christian soldiers, being sliort ol provisions, 
had recourse to sugar-canes, which they chewed for subsistence. Towards the, year 
3 420, Lorn Heiiryq Regent of Portugal, caused the sugar-cane to b(! imported into 
Madeira from Sicily. This plant succeeded perfectly in Madeira and the Cunarii s ; and 
until the discovery of America, these islands supiplicd Europe with the greater ]:ortion 
of the sugar which it consumed. 

The cane is said by some to have pas-sod from the Canaries into the Brazils ; but by 
others, from the coast of Angola in Africa, wdiere the Portuguese liad a sugar colony. 

H was transported, in 1506, from the Brazils and the Cunarii s, into Hispaniola or 
Hayti, where several crushing-mills were constructed in a sliort time. It would 
pjar, moreover, from the statement of Peter Martyr, in the tldrd book of his fiist 
Becade, written during the second expedition of Christopher Columbus, which happened 
between 1493 and 1495, that even at this date the cultivation of the sugar-cane was 
Widely spread in St, Domingo, 

Su^r was first brought to England in 1563, by Admiral Hawkins, and a century 
planters were realising ^eat wealth in Barbadoes. 

It has been supposed to have ‘been introduced into Hayti by Columbus bimself, on 
first voyage, along with other productions of Spain and the Canaries, and that there- 
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fore its cultivation had come into considerable activity at the period of his second ex- 
pedition, Towards the middle of the seventeenth century, the sugar-cane was im- 
ported into Barbadoes from Brazil, then into the other English West Indian possessions, 
into the Spanish Islands on the coast of America, into Mexico, Peru, Chili, and, last 
of all, into the French, Dutch, and Danish colonics. 

The sugar-cane, Arundo mccliarifcra, is a plant of the graminiferous family, which 
varies in height from 8 to 10 or even to 20 feet. Its diameter is about an inch and 
a half; its stem is dense, brittle, and of a green hue, which verges to yellow at the 
approach of maturity. It is divided by prominent annular joints of a whitish-yellow 
colour. These joints are placed about 3 inches apart; and send forth leaves, which 
fall off with the ripening of the plant. The leaves are 3 or 4 feet long, flat, straight, 
pointed, from 1 to 2 inches in breadth, of a sea-green tint, striated in their length, 
alternate, embracing the stem by their base. They are marked along their edges with 
almost imperceptible teeth. In the eleventh or twelfth month of their growth the 
canes push forth at their top a sprout 7 or 8 feet in height, nearly half an inch in 
diameter, smooth, and without joints, to whicli the name arrow is given. This is 
terminated by an ample panicle, about 2 feet long, divided into several knotty rami- 
fications, composed of very numerons flowers, of a white colour, apetalous, and 
furnished with 3 stamens, tho anthers of which are a little oblong. The roots of the 
sugar-cane are jointed and nearly cylindrical ; in diameter they are about one-twelfth 
of an inch ; in their utmost length 1 foot, presenting over their surface a few short 
radicles. 

The stem of the cane in its ri]»o state is heavy, very smooth, brittle, of a. yellowish- 
violet, reddish, or whitish colour, according to tho variety. It is filled with a fibrous, 
spongy, dirty-white pith, which contain.s a'ery aoiindaiit sweet juice. This juice is 
elaborated separately in each internodary portion, tlio functions of which are in this 
respect independent of tlio portions above and below. The cane Is propagated by 
cuttings or joints of proper length, from 15 to 20 inches, in proportion to the nearness 
of tho joints, which are generally taken from tho tops of the canes, just below tho 
leaves. 


There are several varieties of the sKffar-cane. The longest known is the Creole, or 
common sugar-cane, which was originally introduced at Madeira. It grows freely iu 
every region within tho tropics, on a moist soil, even at an elevation of 3,000 fe-ct 
above tho level of tho sea. In Mexico, among the mountains of Caudina-Masca, it is 
cultivated to a height of more than 5,000 feet. Tho quantity and quality of sugar 


which it yields are proportional to the heat of the place where it 
groups, provided it bo not too moist and marshy. 

Another variety is the Otahei tan cane. It was introduced into 
tho West Indies about the end of tho eighteenth century. This 
variety, stronger, taller, with longer spaces between the joints, 
quicker in its growth, and much more productive in sugar, suc- 
ceeds perfectly well in lands which seem too much impoverished 
to grow the ordinary cane. It sends forth shoots at temperatures 
which chill the growth and development of tho creole plant. Its 
maturation does not take more than a year, and is accomplished 
sometimes in nine months. From tho strength of its stem, anti 
tlio woodinoss of its fibres, it better resists the storms. It Aveighs 
a third more, affords a sixth more juice, and a fourth more sugar, 
than the common variety. It yields four crops in the same time 
that the creole cane yields only three. Its juice contains less 
feculency and mucilage, whence its sugar is more easily crj^stal- 
liscd, and of a fairer colour. 

Another variety, valuable chiefly from its hardiness, is tho 
purj)lc violet from Java. It grows from 8 to 10 foot high. This 
cane is covered with a resinous film, which is difficult to grind ; 
but as tho sugar yielded is of excellent quality, this variety is 
of considerable value in bordering aino-fiolds, protecting them 
from the inroads of cattle. 

IMioro is a caste in Ceylon, called Jaggeraros, who make sugar 
from the produce of tho Canjota ttrens, or Kitul-tree ; and tho 
sugar is styled Jaggery. Sugar is not usually made iu Ceylon 
from tho sugar-cane ; but either from the juice of the Kitul, from 
tlio Cocos iiucifcra, or tho Borassus flabelliform.is (tho Palmyra 
Palm). 



Several sorts of cane are cultivated in India. 


The Cadjoolce (fig. 1921) is a purple-coloured cane; yields a sweeter and ridior 
juice than the yellow or light-coloured, but iu less quantities, and is harder to press. 
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It grows in dry lands. Whon eaton raw, it is somewliat dry and pithy in the monfh, 
but is esteemed very good for making sugar. It is not kiiown to the West India 
planter. The leaves rise from a point 6 feet above the ground. An oblique and 
transverse section of the cane is represented by the parts ncjir the bottom of tlie 
figure. 

The Poarce is a light-coloured cane, yellow, inclining to white, deeper yellow when 
ripe and on rich ground. West India planters consider it the same sort as one of 
theirs. It is softer and more juicy than the preceding, but the juiee is less rich, and 
produces a weaker sugar. It requires seven parts of pooreo-juico to make as mneh 
poor as is produced from six of the cadjoolec. Much of this ciine is brought to tho 
Calcutta market, and eaten raw. 

The CuUorah thrives in swampy lands, is light coloured, and grows to a great 
height. Its jmee is more watery, and yidds a weaker sugar also than the cadjoolee. 

The manufacture of sugar in Bengal Is conducted hy the natives in tlie most primi- 
tive manner possible; the poverty and ignorance of the iwots or peasants being serious 
obstacles to the introduction of any system different from that practised l)y their fore- 
fathers. Early in June the soil is brought into a soft muddy state ; slips of the cane, 
witli one or two joints, are planted in rows jibout feet apart, and 18 inches asund('r 
in tho rows; when about S inches .alnwe ground the earth is partially loosened, aiirl in 
August trenches are cut, to dniin v'ff any superfluous moistim'. j'rom 3 to G canes 
spring from each slip. When .about 3 feet liigh tlie lower leaves .arc wrapped round 
the canes, and the whole from each slip snjiportod by bambocts. The cutting com- 
mences in Janufiry or February, the carres being then S or 3 0 frd high, and 1 to 1 
inch thick, and are passed through a mill of the rudest con .st ruction, which will be 
fully described when sugar-mills arc treated of. 

The China cane is said to lie extremely hardy, standing l>otli cold and drouglit. and. 
with abundant rain, giving out as many as thirty shoots. It resists the inroads of 
the white ants, which cannot penetrate its hard crust, whilst it is also proof against 
the teeth of the jackals. It require.s. however, .a stronger mill for grinding than the 
other varieties mentioned. Mr. Wray asserts lliat the Salangore cam; is tho finest 
in the Straits of Singapore, and perl.aps in the world. He says that he has cul five 
from one stool, which were of a weight of from I71bs. to 2r> ll>s. They have been 
known to produce 7,200 lbs. of undrained sugar per acre, equal to o,800 lbs. of dry 
sugar for shipping. 

i)r. Livingstone .dated that .‘^ugar is cultivated in the Shire Adilley, as well as in 
many parts of Afric^i near the Zambesi, and may boliad for as little as fine halfpenny 
per pound. 

In all the colonies of the New World the .sugar-cane Howers, but it tln n sends fort li 
a shoot (arrow), that is, its stem elongates, and the seed- ve.ssels prove abortive. For 
this reiison, the bud-joints ninst there lu; used for its ]>ropagation. It is said to grow 
to seed, however, in Indi.a. Tiiis circumstance occurs witli some otln r plants, wliicli, 
when propagated by their roots, cease to yield fertile ’seeds ; such .as tlie banana, the 
bread-fruit, the lily, and the tulip. 

In the proper season for planting, the ground is marked out liy a line into rows 
4 or 6 feet asunder, in whicli row.s tlie canes are planted from 2 to o feet apart. Tin* 
scries of rows is divided into pieces of land 60 or 70 feet br(>ad, leaving spaces of 
about 20 feet, for the convenience of passage, and for tlie admission of sun and air 
between the stems. Canes are usually planted in trendies, .ibout 6 or 8 indies deep, 
made with the hand-hoe, the raised soil being heaped to one side, for covering in tlio 
young cane ; into the holes a negro drops the nunibir of cuttings intended to be 
insert^ the digging being performed by other negroes. Tho earth is then diviwn 
about the hillocks with the hoe. This labour has been, however, in many j'laces 
better and more cheaply performed by the plough ; a deep furrow being made, into 
which the cuttings are regularly’ planted, and the mould then properly turned in. If 
the ground is to be afterwards kept cleitr by the liorse-hoo, the rows of canes should 
be 6 feet asunder, and the hillocks 2.^ feet dist.int, with only one cane left in one hillock. 
After some ahoots appear, the sooner the lior.so-hoe is used the more will the plants 
thrive, by keeping the weeds under, and stirring up the soil. Plant-canes of tho 
first growth have been known to yield, on the brick-mould of Jamaica, in very fino 
seasons, 2J tons of sugar per acre. The proper season for planting the cane-slips 
containing the buds, namely, tlio top part of the cane stripped of its leaves, and the 
two or three npper joints, is in the interval between August and tho lujginning of 
November. Favoured hy the autumnal wcatlier, the young plants become luxuriant 
enough to shade the ground before the dry season sets in ; therehj keepiiig the roofs 
cool and modeantely moist. By this arrangement tho creole canes are ripe for the mill 
in tho beginning of the second year, so as to enable the man.'iger to finish his crop early 
in Juno, It is a great error for the colonist to plant canes at an improper season of 
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thft year, whepeT:)y his whole sj^stem of operations hccomos disturbed, and, in a certain 
degree, abortive. 

The withering and fall of a leaf afford a good criterion of the maturity of the cane- 
joint to W'liich it belonged ; so that the last eight letifless joints of two canes, which 
are cut the same day, have exactly tho same ripeness, though one of tlio canes be lo 
and the other only 10 months old. Those, however, cut towards tho end of tho dry 
season, before the rain begins to fi'ill, produce better sugar than those cut in the rainy 
season, as they are then somewhat diluted with watery juice, and require more 
evaporation to form sugar. It may bo reckoned a fair average product, when one 
pound of sugar is obtained from one gallon (English) of juice. 

Battoons (a word corrupted from rejettons) are the sprouts or suckers that spring 
from tho roots or stoles of the canes that have boon proAuously cut for sugar. They 
are commonly ripe in 12 months ; but canes of the first growth are called plant-canes, 
being tho direct produce of tho original cuttings or germs placed in tho ground, 
and require a longer period to bring them to maturity. Tho first yearly return 
from the roots that are cut over, are called first rattoons ; the second year’s growth, 
second rattoons ; and so on, according to their age. Instead of stocking up his 
rattoons, holing, and planting tho land anew, the planter suffers the stoles to con- 
tinue in tho ground, and contents himself, as tho cane-fiolds become thin and im- 
poverished, with supplying the vacant places with fresh plants. By these means, 
and with the aid of maiiuro, the produce of sugar per acre, if not apparently equal to 
that from plant-canes, gives perhaps in the long run as great returns to tho owner, 
considering the relative proportion of tho labour .and expense attending tho different 
systems. 

When the planted canes are ripe, they arc cut close .above tho ground by an oblique 
section, and the leaves and shoots being stripped off, they arc transported in bundles, 
in tho mill-lionse. If Iho roots be tlien cut off a few inches below the surface of the 
soil, .and covered up witii fine mould, tliev will push forth more prolific offsets or 
rattoons than when left projecting in the common way. 

Tho amount of sugar yielded per acre is very v.ariously stated. In fact, the yield 
must vary with the different variety of canes cultivated, with tlie nature of the soil, 
the character of the season, and more than all with tho more or Ic.ss perfect apparatus 
used in manufacturing tho sugar. Theyield, from tlieso clauses, will vary from I a ton 
to 21 tons of solid sugar per acre. 

E(jr tho chemical examination of sugar, see AV.atts’s ‘Dictionary of Chemistry.’ 

Sugar Mills. — Th(» first Tnachines employ et I to .squeeze the canes were mills similar 
to tlioso which serve to crnsli apples in .some cider districts, or somewhat like tan-mills. 
In the centre of a circular area, of about 7 or 8 feet in diameter, a vertical heavy 
whod was made to revolve on its edge, byatticbing a horse to a cross beam projecting 
horizontally from it and making it move in a circular path. Tlie cane-pieces were 
strewed on the somewhat concave bed in the j^ath of tho wheel, and the juice 
expressed flowed aw.ay through a channel or gutter in the lowest part. This machine 



was tedious and unproductive. It was replaced by the vertical cylinder mill of Gon- 
zales de Velosa ; which has continued till modern times, with little yariation of external 
form, but is now generally superseded by the sugar-mill, with horizontal ^grlindera. 
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1922, front elevation of the entire mill;^. 1923, end elevation, and Fig. 1021, 
hoi^i^l plan. Fig. 1925, diagram, showing the dispositions of the feeding and 
delivering rollers, feeding board, returner, and delivering board. 

F\a, 1923. A, A, solid foundation of masonry*; u, b, bed-plate; c, c, headstochs or 
stand^irds; d, main shatt (seen in fig. 1024); k, intermediate shaft; f, r, pluinnior- 
blocks of main shaft d (seen in jig. 1024) ; h, driving pinion on the lly-whecl- 



shaftof engine; i, first motion mortise- wJieel, driven by the pinion ; k, second motion 
pinion, on the same shaft ; l, second motion mortisc-wheol, on the main shaft ; m, 
brajw of wood, holding the pluramer-blocks for shaft d ; n, wrought-iron straps con- 
necting the hrsys to the standards c, c; o, o, regulating screws for the brays; p, 
top roller and gudgeons; q, and u, the lower or feeding and delivering rollers * s, 
elateh^ for the connexion of the side of lower rollers q, and n, to t,ho main shaft 
(•esn in^. iggi) ; t, t, the drain-gutters of the mill-bed (seen only in jig. 1924). 
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Tho relcatlve disposition of the rollers is shown in the diagram, fig. 1925 : in which 
A is the top roller ; b, tho feeding roller ; c, tho delivering roller ; d, the returner ; 
E, the feeding board ; f, the delivering board. 

Tho rollers are made 2} inches to 2.1 inches thick, and ribbed in the centre. The 
feeding and delivering rollers have small flanges at their ends, (as shown in fig. 1924), 
between which the top roller is placed ; these flanges prevent the pressed canes or 
megass from working into the mill-bed. The feeding and top rollers are generally 
fluted, and sometimes diagonally, enabling them the better to seize the canes from tho 
feeding-board. It is, however, on the whole, considered better to flute the feeding roller 
only, leaving tho top and delivery rollers plane ; when the top roller is fluted, it should 
be very slightly, for, after the work of a few weeks, its surface becomes sufficiently 
rough to bite tho canes effectively. Tho practical disadvantage of fluting the deliver- 
ing rollers, is in the grooves carrying round a portion of liquor, which is speedily 
ahsorhod by the spongy megass, as well as in breaking the megass itself, and thus 
causing great waste. 

In working this mill, the feeding roller i.s kept about half an inch distant from the 
upper roller, lint the delivering roller i.s placed about ^th of an inch from it. 

Tlio cn.ne.s are tlirown upon the feeding board, and spread so that they may cross cnch 
Of her as little as possible. They are tiken in by tho feeding rollers, which split and 
si iglitly press them: the liquor flows down, and the returner guiding the canes be- 
tween the top and delivering rollers, they receive the final pressure, and are turned 
out on tlie mill-floor, while tho liquor runs back and falls into the mill-bed. Tho 
megass, tlnm in tho stiito of pith, adhering to tho skin of tho canc, is tied up in bundles, 
and after being exposed a short time to the sun, is finally stored in the megass-house 
frr fuel. By an improvement in this stage of tho process, tho megass is carried to 
the mega.s.s-ltouso by a carrier cliain, worked by tlio engine. 

'I'ho .sugar-mill at Cliica Ballapura is worked by a single pair of buffaloes or oxen, 
going nmnd with tho lever a, 1926, which is fixed on tho top of the right-hand 
roller. The two rollers have endless screw-heads b, which are formed of four spiral 
grooves and four spiral ridges, cut in opposite directions, which turn into one another 
when the mill is working. These rollers and their heads are of one piece, made of the 
toiigliest and hardest wood that can be got, and such as will not impart a bad Uiste to 
the juice. They arc su[)p()rtod in a thick strong wooden frame, and their distance from 
CMcIi other is regulated by means 
of wedges, which pass through 
mortises in the frame-planks, and 
a. groove made in a bit of some sort 
of hard wood, and press upon the 
axis of one of tho rollers. Tlio axis 
of the other pr(;sses against tho 
left-hand elide of the holo in tho 
frame-boards. The cano-juico runs 
down tho rollers, and through a 
holo in the lower frame-board, into 
a wooden conductor, wdiich carries 
it into an earthen pot. Twe long- 
p<‘inlcd shakes or piles are driven 
into the earth, to keep tho mill 
stealy, which is all tho fixing it 
ref|uir('s. The under p.art of the 
lowermost plank of the frame rests upon the surface of the ground, which is chosen 
level and very firm, that the piles may hold tho faster. A hole is dug in tlie earth, 
immediately below' the spout of the conductor, to receive tho pot. 

Tho mill used in Burdw’an .and near C.alcutta is simply two small wooden cylinders, 
grooved, placed horizontally, close to each other, and turned by two men, one at each 
end. This simple engine is said to express the juice completely, but slowly. It is 
very cheap, the prime cost not being two rupees ; and being easily moved from field 
to field, it saves much labour in the carriage of tho cane. Notwithstanding this 
Hdv.intnge, so rude a machine must leave a large proportion of the richest juice in the 
cane-trash. 

The sugar-mill of Chinapatiim, 1927, consists of a mortar, lever, pestle, and 
regulator. The mortar is a tree about 10 feet in length and 14 inches in diameter : 
a is a plan of its upper end ; 5 is an out .side ■\dcw ; and c is a vertical section. It is 
sunk perpendicularly into the earth, leaving one end 2 feet above the sur&ce. The 
hollow is conical, truncated downw'ards, and then become.s cylindrical, with a hemi- 
spherical projection in its bottom, to allow the juico to run freely to the small opening 
that conveys it to a spout, from which it falls into an earthen pot. Bound the upper 
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mouth of the cone is a circular caritj, which collects any of the juice that may run 
over from the upper ends of tho pieces of cane ; and thcnco a canal convoys this 
juice down the outside of the mortar, to the spout. The beam d, is about 16 feet in 
length and 6 inches in thickness, being cut out from a largo tree that is ditidod l)y a 
fork into two arms. In the fork an excavation is made for the mortar h, round which 
the botim turns horizontally. Tho surface of tliis excavation is secured by a semi- 
circle of strong wood. The end towards the fork is quite open, for changing the 
beam without trouble. On the undivided end of the beam si ts tho bullock-driver, 

r, whoso cattle nro 
yoked by a I’opo 
which comes from 
tho end of tho beam ; 
and they aro pre- 
vented from drag- 
ging out of the circle 
])y another rope, 
which passes IVotu 
the yoke to tho 
forked end of tho 
beam. On tho anns, 
/. a basket is placed, 
to hold the eul tings 
of cane ; and between 
this and tlio luort.ar 
sits the in.'in who 
feeds the mill, dost 

as the pestle comes round, he places the pieces of cane slojnng down into the cavity 
of the mortar; and after the pestle lias passed, he removes those away that liavo been 
squeezed. 

The following describes the p'rimitive rude mill and boiler used in preparing tho 
extract of sugar-cane, and which are usually let t-o the ryots by thi* day. Tlie mill in 
Dinajpur, 1928, is on the principle of a pestle and mortar. Tho pestle, however, 
does not beat the canes, but is ruhl;ed against them, as is done in many chemical trit- 
urations; and the moving force i.*- two oxen. Tho mort^ir is generally a tamarind tree, 
one end of which is sunk deep in the ground, to give it hrmriess. Tlie jiart project ing, 
u, may be about 2 feet high and a foot and a half in diameter ; and in tho u}»p( r end a 
hollow is cut, like the small segment of a sphere. In the centre of tliis, a channel de- 
scends a little way perpendicularly, and then obliquely to one side of t he mortar, so 

that tlie jnicc as squiM Zc l 
from the e-ane, runs tjff’by 
means of a sjKait, />. into a 
strainer c. through whieli 
it falls into an earthen 
j»ot tliat .‘•tands in ;i Ijoh-, 
d, under the sjmiil. 'J'ho 
])cslle, f . i.s a tree ahout 
]8 feet in lengtli, and 1 
foot ill diameter, rounded 
at its bdttom, wliieli ruhs 
against tin* mortar, and 
which is secured in its 
place by a button or knob 
that goes into the ehaiiiiel 
of tlie mortar. I'lie mov- 
ing f(;rco Is a])p!ie(] to a. 
hr>ri/.ontal lieam,./, aboiit 
16 feet in leiigtli*. v. loci; 
turns round aheut lie- 
mortar, and is fastene ' t » 
it by a bent bamboo. 
It is .‘'Uspendod from tho 
upper cud of the jicstlc ]*y 
a bamboo, r/, wliicli has 
bwnent with part of the root, in which i.s formed a pivot that hangs on tho upper 
^nt of the pestle. Tlie catUc are yoked to the horizontal beam, at ab ut 10 foot 
ham the mortar, move round it in a circle, and are driven a man wJjo sits on tlio 
to increase the weight of the triturating power. Scarcely any muchiuo more 
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miserable can be conceived ; and it would be totally ineffectual, were not the cane 
cut into thin slices. This is a troublesome part of the operation. The grinder sits 
on tho ground, having before him a bamboo-stake, which is driven into the earth 
with a deep notch formed in its upper end. He passes tho cjines gradually through 
this noteh, and at the same time cuts off tho slices with a kind of rude chopper. 

The hoUing apparatus is somewhat better contrived, and is placed under a s od, 
though tho mill is without shelter. The fireplace is a considerahlo cavity dug in the 
ground, and covered with an iron boiler, p^ jig. 1929. At one side of thfc is an 
opening, q, for throwing in fuel ; and opposite to this is another opening, which com- 
municates with tho horizontal flue. Tlii.s is formed by two parallel mud walls, r, r, 
s, s, about 20 feet long, 2 feet high, and 18 inches distant from each other. A row of 
eleven earthen boilers, t, is placed on these walls, and the interstices, w, are filled with 
clay, which completes the furnace-flue, an opening, r, being left at the end, for giving 
vent to tho smoko. 

1929 



Tho juice, as it comes from tho mill, is first put into an earthen boiler that is most 
distant from the fire, and is gradually remoA’-cd from one boiler to another, until it 
roaches tho iron one, AV'hero tho process is completed. The inspissated juice that can 
bo prepared in twenty Tour hours by such a mill, with sixteen men and twenty oxen, 
amounts to no more than 476 lbs. ; and it is only in tho southern parts of the district, 
where the people work night and day, that tho sugar- works are productive. In the 
northern districts, tho people work only during the day, and inspissate about one-half 
tho ijuantity of juice. 

Of tho Manufacture of Sugar hi the West Indies. — Cano-juico varies exceedingly in 
richiioHs, Avitli the nature of the soil, tho culture, the season, and variety of tho plant. 
When loft to itsidf in the colonial climates, the juice runs rapidly into tho acetous 
fermontation. irenco arises the necessity of subjecting it immediately to clarifying 
processes, sp(*ody in their action. When deprived of its green fecula and glutinous 
extractive, it is still subject to fermentation ; but this is now of the vinous kind. The 
juice flows from tlie mill through a woo<Ien gutter lined with lead, and being con- 
ducted into the sugar-house, is received in a set of largo pans or cauldrons, called 
‘clarifiers.’ On estates which make on an average, during crop time, from 15 to 20 
hogsheads of sugar a week, three clarifiers, of 400 gallons’ capacity ejich, are 
sufficient. Witli pans of this dimension, the liquor may be drawn off at once by a 
stopcock or syphon, Avithout disturbing tho feculoncies after they subside. The 
clarifiers are sometimes placed at one end, and sometimes in the middle of the house, 
particularly if it possesses a double set of evaporating pans. 

Whenever the .stream from tho mill-cistern has filled the clarifier with fresh juice, 
the fire is lighted, and the temper, or dose of slaked lime, diffused uniformly through 
a little juice, is added. If an albuminous emulsion bo used to promote tho clarifying, 
very little lime will bo required ; for recent cane-liquor contains no appreciable 
portion of acid to be satumted. In fact, tho lime and alkalis in general, when used 
in small quantity, seem to coagulate the glutinous extractive matter of the juice, and 
thus tends to brighten it up. Excoss of lime may also be corrected by a little alum- 
water. Where canes grow on a calcareous marly soil, in a favourable season tho 
saccharine matter gets so thoroughly elaborated, and the glutinous mucilage so 
completely condensed, that a clear juice and a fine sugar may be obtained without the 
use of lime. 

As the liquor groAVS hot in the clarifier, a scum is thrown up, consistiijg of tho 
coagulated feculoncies of the cane-juice. The fire is now gradually urged till tho 
temperature approaclies tho boiling i)oiut; to which, howeA^er, it must not be suffered 
to rise. It is known to bo sufficiently heated, when the scum rises in blisters, which 
break into whito froth ; an appearance observable in about forty minutes after kindling 
the tire. Tho damper being shut down, tho fire dies out ; and after an hour’s repose, 
the clarified liquor is ready to be drawn off into the last and largest in the series of 
GA^aporatiiig pans. In tho British colonies, these are merely numbered 1, 2, 3, 4, 6, 
beginning at tho smallest, which hangs right over tho firo, and is called the teache ; 
because in it the trial of the syrup, by touch, is made. The flame and smoke proceed 
in a straight line along a flue to the chimney-stalk at the other end of the nirnace. 
The area of this flue proceeds, with a slight ascent from the fire, to the aperture at 
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the botto^ of the chimney; so that between the purfece of the grate nnd the bottom 
of the teache there is a distance of 28 inches ; while between the bottom of tlu* fine 
and that of the grai\d^ No. 5, at the otlicr end of the rntigi', tliere arc barely 18 

inches. 

In some sugar-houses there is planted, in the angular spac(‘ b<>tw('(m each boiler, a 
basin, one foot wide and a few inches deep, for the ])iir}) 0 .s«' of receiving I lie seiim 
which thence flows off into tlie crand copper, along a gutter seoojx'vl out on the margin 
of the brickwork. The skiramiugs of the grand are thrown into ti separate j^an, jilaei'd 
at its side. A large cylindrical cooler, about G feet wide, and 2 ftuit de('p. has bixm 
placed in certain sugar-Vorks near the teache, for roeeiving suc’cessive eli.argt s of its 
inspissated syrup. Each finished charge is called a alupjnng, because it is skipi^ed 
or laded out. The term striking is also applied to llie aet of emptying llie teaciu', 

, When upon one skipping of s^^rnp in a stato of inei})it‘n1 gninnlalioii in tiie eoob r, n 
second skipping is poured, this second congeries of saeebarine }»artieles agglonn'rat es 
round the fost as nuclei of crystallisation, and produces a largi-r grain ; a ri'sull im- 
proved by each successive skipping. This prineiplo hiis been long known to the 
chemist, but docs not seem to have been always properly considered or appreciated 
by tlio sugar-planter. 

From the above-described cooler, the sj’rup is transferred into wooden cliests or 
boxes, open .at top, and of a rectangular shape, also culled bur Avliicli .are more 

properly ciystallisers or granulators. These are commonly six in nnmljer ; each being 
about 1 foot deep, 7 feet long, and f> or G feet wide. '\\ lien filed, sueli a mas.s is 
collected as to favour slow cooling, and consequently large-graimsil erv si alii sat. ion. If 
these boxes be too shallow, the grain is exceedingly injured, as may be easily shown 
I'y pouring some of the same syrup on a small tray ; when, on coolirig, the sugar will 
appear like a mudd}" soft sand. 

The due concentKition of the syrup in the tenehe is known by tin* I'oiler, by tins 
appearance of a drop of the svrup pressed and then drawn riilo a thread betwi*en the 
thumb and fore-finger The thread eventually breaks at a eeriain limit of extension, 
shrinking from the thumb to the suspended finger, in li ngths .‘•onn-vbat ]in»pori ional 
to the inspissation of the syrup. But the ajipearjince of granulation in the thread 
must also be considered; fora viscid and damaged syrup may give a long enough 
threatl, and yet yield almost no crystalline grains wlten cooled. Tenacit y and granular 
aspect must therefore be both taken into the account, and will continue to constitute 
the practical guides to the negro boiler, till a less barbarous inovh; of eoneentrating 
cane-juice be substituted for the present naked tiach. or (tugar fiyutg-jxtn. 

A viscous syrup containing much gluten and sugar, aliorcMi by lime, rwjuires a 
higher temperature to enable it to granulate tljan a pure sacchariur syru]>; and 
therefore the thermometer, though a useful aid, can liv no means be regarded as a 
sure guide, in determining the proper instant for sinking t he teacli*'. 

The colonial curing -house is a spacious building, of wliieh th(^ earthen floor is ('x- 
cavated to form the molasses-reservoir. This is lined with sheet -lead, boards, tarras. 
or other retentive cement ; its bottom slope.s a little, and it is partially covered by an 
open massive frame of joist-work, on which llio plotting casks are set uju-ighi. d'he.''e 
are merely empty sugar-hogsheads, witliout headings, having 8 or 10 Imles bored in 
their bottoms, through eacJi of wdiicii the stalk of n planlrain-leaf is stink, so as t.o 
protrude dowuw'ards G or 8 inches below' tlie level of the joists, and to rise above the 
top of the cask. The act of transferring the crude concrete sugar from the crystal- 
iisers into these hogsheads, is called potting. The bottom holes, and tlm .s])ongv 
stalks stuck in them, allow the molasses to drain slowly downwards into the sunk 
cistern. In the common mode of procedure, sugar of avt rage quality i.s kept from M 
to 4 weeks in the curing-house ; that wdiich is soft-grained and glutinous must remain 
6 or 6 weeks. The curing-house should be close and warm, to favour the liquefac- 
tion and drainage of the Wscid molasses. 

Out of 120,000,000 lbs. of raw sugar which u.sed to be annually shipped l*}^ the 
St. Domingo planters, only 96,000,000 lbs. were landed in France, according to tlie 
authority of Dutrone, constituting a loss by drjiinago in the ships of 00 per cent. 'J'ho 
average transport waste in the sugars of the British colonies cannot be estimate 1 ;it 
less than 12 per cent., or altogether upwards of 27,000 tons ! AVhat a tremendous 
sacrifice of property ! 

ffynip snteodod for forming clayed sugar must be somowliat more concentrated in 
the teache. and run off into a copper cooler, capable of receiving three or fi>ur suc- 
cesfflve sIdpinnM Here it is stirred to ensure uniformity of product, and is thi'ii 
transferred by ladles into conical moulds, made of coarse pottery or of sheet iron, 
living a small orifice at the apex, which is stopped with a plug of wood wrapped in 
a leaf of maise. Thsoa emucal pots stand with the base upwards. As their capacity, 
whm laqics^ In cooridanblj law than that of the smallest potting-casks, and as the 
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process lasts several weeks, the claying-houso requires to have voiy considerable 
dimensions. Whenever the syrup is properly granulatetl, which happens usually in 
al_)Out 18 or 20 hours, the plugs are removed from the apices of the cfeneS; and each 
is set on an earthen pot to receive tho drainings. At the end of 24 hours the cones 
are transferred over empty pots, and tho molasses contiiincd in tho former ones is 
either sent to.tho fcrmenting-house or sold. The claying now begins, which consists 
in applying to the smoothed surface of tho sugar at the base of the cone a plaster of 
argillaceous earth, or tolerably tenacious loam in a pasty state. Tho water diffused 
among tho clay escapes from it by slow infiltration, and descending with like slow- 
ness through tho body of tho sugar, carries along with it tho residuary viscid syrup, 
which is more readily soluble than tho grjinulated particles. Wheuovcr tho first 
magma of clay lies become dry, it is replaced by a second ; and this occasionally in 
its turn by a third, whereby the sugar-cone gets tolerably white and clean. It is 
then dried in a stove, cut transversely into frusta, crushed into a coarse powder on 
wooden trays, and shipped off‘ for Europe. Clayed sugars ;iro sorted into different 
shades of colour according to the part of tho cono from which they were cut. Tho 
clayed sugar of Cuba, which is sun-dried, is called ‘ Havannah sugar,’ from tho name 
of the shipping port. 

Clayed sugar can bo made only from tlie ripest cane-juice, for that which contains 
much gluten w'oiild bo npt to got too much burned by the ordinary process of boiling 
to bear tho claying operation. Tho syrups that run off from tho second, third, and 
fourth applications of the clay-pasto, are coRcentrated afresh in a small building apart, 
called the rvjhicry, and yield tolerable sugars. Thoir drainings go to tho molasses- 
cistern. The cones remain for 20 days in tho clayiug-houso before the sugar is taken 
out of them. 

Claying is seldom had recourse to in tho British planbitions, on account of tho 
increaso of labour, and diminution of w'eight in tho produce, for which tho improve- 
ment ill quality ^delds no adequate compensation. Such, how'ovcr, was the esteem in 
which the Erench consumers held clayed-sugar, that it was prepared in 400 plantations 
of St. Ilomingo alone. 

jSuoAU Rkfixino. — Tho raw or Muscovado sugar, as usually imported, is not in a 
state of sufficient purity for use. Tjie sugar is blended with more or less of fruit- 
arid grape-sugars, with sand and clay, with albuminous- and colouring-matter, chiefly 
caramel. To separate the pure sugar, tho plan formerly adopted was to add blood, 
eggs, and lime-water to a solution of tho raw sugar, and after applying heat, to 
remove tlio thick scum of coagulated albumen, which also removed a considerable 
portion of colouring-matter. Tho clear liquid was concentrated, and the semi- 
crystalline mjiss being placed in conical moulds, as much of the mola.sses as would 
drain by gravitation was allowed to escapo from tho points of the moulds, and tho 
remainder w'as expelled ly allowing water or a solution of pure sugar to trickle 
through tho mass of crj'stiils. Tho loaves, being trimmed into shape and dried, 
wore fit for sale. 

By this process only a small proportion of tho sugar was made into loaf. The 
method of removing the colouring-matter was crude, imperfect, and expensive ; and 
tho high tomporature requisite for the fermentation of tho syrup not only injured 
its colour, but converted a largo proportion of tho sugar into the uncrystallisablo 
van{ity. 

Those defects were remedied, to a great extent, by tho adoption of Howard’s 
vncuun^-pan, for tho concentration of syrups under diminished atmospheric pressure, 
and consequently at a low tomperaturo togellier w'iLli tho use of filtering- beds of 
animal -nharcoal for the removal of coloiiring-mattor. 

There are throo classes of sugar-refineries in this country, the chief productions of 
which are, respectively : 

1st. L<juf-sugar. 

2nd. Crystals (/.c. large, well-formed, dry white crystals of sugar). 

.'ini. Crushed sugar. 

In the former two, good AVest India, Havannah, Mauritius, or Java sugar are 
almost exclusively used. In tho last, all classes of sugar are indiscriminately em- 
ployed. The manufacture of loaf-sugar is chiefly carried on in London ; of crystals, 
in Bristol and Manchester ; of crushed sugar, in Liverpool, Greenock, and Glasgow'. 
Besides these places, which are the chief seats of the sugar-refining trades, tliis 
branch of industry is carried on more or less at Plymouth, Southampton, Goole, 
Sheffield, Newton (Lancashire), and Leith. The methods vary a little in different 
refineries ; but the following description refers to the most modern and best conducted 
which are to be found in tliis country. Tho general arrangements of a sugar-house 
are aliown in fg, 1930. 

Loaf-Sugas.— T he raw sugar is emptied &om the hogsheads, bozeSi 
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« mats, as the case may be, and discharged through a grating in the floor into a 
copper pan, about 8 feet in diameter. This dissolving pan is sometimes, although 
incorrectly, called * a defecator,’ it was formerly called ‘ a blow-up,’ from the practice of 
blowing steam into it, but the practice and the name are now antiquated. Hot water 
is added, and the solution is facilitoted by tlie action of an agitator, or stirrer, kept 
in motion by the steam-engine. The proportions of sugar and water are regulated so 
that the liquid attains a specific gravity of about 1 *250, or 29° Hoaunie, as a higher 
density than this would interfere with subsequent processes. A copper coil or 
casing to the pan, heated by steam, furnishes the moans of raising the liquid to a 



temperature of 165®. The plan of boiling the ‘ liquor ’ is becoming gradually dis- 
usei If the solution is acid, sufficient lime-water is added te make it neutral. The 
use of blood, which was formerly added at this stage, is in most cases dispensed with ; 
the adyantage arising from its use is readily obtained from the eniployment of an 
increased amount of animal-charcoal in a subsequent process, while the mischief 
arising ftask the introduction of nitrogenous matter so prone to decompose is avoided. 
Some machinery u used ibr crushing the hard lumps to facilitate solution. 

Bemoval of iitaohblo matter , — The liquor having been brought to the requisite 
density and tampeoEaturc, and also being perfectly neutral, is passed through the bug- 
filter. 

The appMitw cPBlklf af aa i^ght sqnaie iron op copper case, a, c, 1931, about 
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6 or 8 feet high, furnished with doors ; beneath is a cistern with a pipe for receiving and 
carrying off the filtered liquor ; and above the case is another cistern, e. Into the upper 
cistern the syrup is introduced, and passes thence into tluj 
mouths c, e, of the several filters, d, d. These consist fiach of a 
bag of thick twilled cotton of cloth, about 2 feet in diameter 
and 6 or 8 feet long, which is inserted into a narrow ‘ sheath,’ 
or bottomless bag of canvas, about 5 inches in diameter, for 
the purpose of folding the filter-bag up into a small space, and 
thus enabling a great extent of filtering surfaces to become 
pressed into one box. The orifice of each compound bag is 
tied round a conical brass mouth-prece or nozzle which screws 
tight into a corresponding opening in the bottom of the upper 
cistern. From 40 to 400 bags are mounted in each filter-case. 

The liquor which first passes is generally turbid, and must be 
pumped back into the upper cistern, for refiltration. The in- 
terior of the case is furnished with a pipe for injecting steam, 
which is occasionally used for warming the case. Fig. 1932 
shows one mode of forming ’the funnel-shaped nozzles of the 
bags, in which they arc fixed by a bayonet-catch. Fig, 1933 
shows the same made fast by means of a screwed cap, which is 
more secure. 

When tlie bags are fouled from the accumulation of clay and 
n slimy substance on their inner surfaces, the filter is unpficked, 
the bags withdrawn from the sheaths, and well washed in hot 
water. This washing is usually performed with a dash-wheel, 
or some one of the numerous kinds of washing-machines now 
in use. Perhaps that of Manlovo and Alliott, of Nottingham, 
is in greatest favour. The dirty water, with the addition of a 
little lime, is smartly boiled, and after some hours being 
allowed for subsidence, the supernatant, clear, weak solution of 
sugar IS removed and used in the first process (solution), while 
the muddy residue is placed in canvas bags and subjected to 
pressure. The residue, technically called is thrown away. 

Jiemoval of colour, — The liquor issuing from the bag-filters generally resembles in 
colour dark sherry wine. To render this colourless it is passed through deep filtering- 
beds of granulated burnt bones or animal -charcoal. When this substaneci w^as first 
introduced, bods of a few inches in depth were considered sufficient, but the quantity 
of charcoal used per ton of sugar has steadily increased, and filters of no less a depth 
than .00 feet are now somotimtts used. 

Cylinders of wrought or cast iron, varying in diameter from 5 to 10 foot, and in 
height from 10 to 50, having a perforated false bottom a couple of inches above the 
true one, are filled with granulated animal-charcoal. 

The grain varies from the size of turnip-seed to that of peas, some refiners pre- 
fern ng it fine, and others coarse. 

Liquor from the bag-filters is run on to the charcoal till the cylinder is perfectly 
filled, when the exit tap at the bottom is opened, and a stream of dense saccharine 
fluid, perfectly colourless, issues forth. The amount of sugar which the charcoal 
w’ill discolour depends upon the age and composition of the charcoal, the degree 
of perfection with which the previous rovivifi-’ation has boon performed, and tlio 
quality, colour, and density of the liquor to be o^jerated upon. ()iie ton of charcoal 
is sometimes used to purity two tons of sugar ; ami in at least one refinery, where in- 
ferior sugar is operated on, two tons of charcoal serve fur one ton of sugar. In most 
provincial refineries about one ton of charcoal is usoil to one of sugar; but in London, 
from the dearness of fuel and other causes, a smaller jiroportioii of charcoal is em- 
ployed. The liquor from the charcoal filter, at first colourless, becomes slightly 
tinged, and in course of time, varying from 24 hours to 72, the power of the charcoal 
becomes exhausted, the partially decoloured syrup is passed through a fresh charcoal 
filter, and the sugar is w'ushed out from tne charcoal by means of hot water. The 
charcoal is ready to bo removed for revivification, which process has already been 
described. 

ConceMration, — The next process in sugar-refining is the evaporation of the (^ri- 
fled syrup to the granulating or crystallising point. The more rapidly this is 
effected, and the less the heat to which it is subjected, the better and greater is the 
product in sugar-loaves. No apparatus answers the refiner’s double purpose of safety 
and expedition so well as the vacuum-pan. 

The vacuum-pan, invented by How^ard, and patented in the year 1812, is an 
enclosed copper vessel, heated by steam, passing through one or more copper coUB| 
VoL, nr, 9 P 
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and a steam-jacket The yapour arising from the boiling solution of su^r is con- 
densed by an injection of cold water, the arrangement of which, and the maintenance 
of a vacuum, closely resemble the condenser, injection, and air-pump of an ordinary 
condensing steam-engine. 

Fig. 1934 shows the structure of a single vacuum-pan. The horizontal diameter 
of the copper spheroid cc, is from 7 to 10 feet; the depth of tlie under hemisphere a, 
is at least 2 feet from the level of the flange; and the height of the dome-cover is 
from 3 to 6 feet. The two hemispheres (of which the inferior one is double, or has 
a steam-jacket), are put together by bolts and screws, to preserve the joints tiglit 
against atmospheric pressure. 

The steam enters through the valve f, traversing the copper coil d, and filling the 
steam-jacket, the condensed water issuing from a small pipe below, c represents the 
dome of the vacuum-pan, the vapour from which, passing in the direct ion of n, 
allows any particles of sugar carried over by the violence of the ebullition to bo 
deposited in the receiver, m. 



The vapour is condensed by jets of cold w^ator issuing from a perforati d pipe, and 
the water, uncondensed vapour, and air, are removed by the action of a powerful eir- 
pump. L is the measure cistern, from which the successive charges are admitted 
into the pan; i and tl represent respectively a thermometer and a barornctiT : the 
former being required to indicate the temperature of the boiling syrup, and the latter 
the diminished atmospheric pressure within the pan. r is the discharge eock ; ami u. 
the proof-stick, is an apparatus inserted air-tight into the cover of tlio vaeuiim-paii, 
and which dips down into the syrup, serving to take out a sample of it, without allowing 
air to enter. It is shown in defciil, in fig. 1939, wJiich represents a cylindrical rod, 
capable of being screwed airtight into the pan in an oblique direction downwards. 
The upper or exterior end is open ; the under, which dips into the syrup is closed, 
and has on one side a slit a {figs, 1936, 1930), or notch, about ^ in. wide. In this 
external tube, there is another shorter tube capable of moving round it, through an 
arc trf An cmening upon the under end e, corresponds with the slit in the 

outer tube, so that Mh may be made to coincide,^. 1934, a. A plug d, is put in 
the interior tube, but so as not to shut it entirely. Upon the upper end there is a 
projection or pin, which catches in a slit of the inner tube, by which this may bo 
tamed round at pleasnre. In the lower end of the plug there is a hole e, which can 
be |daoed Is coniniimcatioD with the lateral openings in both tubes. Hence it is 
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possible, •when the plug and the inner tube are brought into the proper position, a, 
fig. 1935, to fill the cavity of the rod with the syrup, and to take it out without 
allowing any air to enter. In 
order to facilitate the turning 
of the inner tube within the 
outer, there is a groove in the 
under part, into which a little 
grease may be introduced. 

Whenever a proof has been 
biken, the plug must be placed 
in reference to the inner tube, 
as shown in fig. 1935, c, and 
then turned into the position 
a; when the Ciivity of the 
plug will again bo filled 
w'ith syrup, c must now be 
turned back to the former 
position, whereby all inter- 
course with the vacuum-pan 
is cut oft’; the plug being drawn out a little, and placed out of communication witli 
the inner tube. The plug is then turned into the position n, drawn out, and the 
proof examined by the fingers. 

The method of using the vacuum-pan varies with the character of tho grain 
required to bo produced. Oii commencing boiling, the syrup should bo run in as 
quickly us possible, till the whole heating-surface is covered, when tho steam is 
turned on, and tho evaporation conducted at a tempenitiiro of from 170° to 180° 
Fahr. As soon as the syrup begins to granulate, the temperature becomes reduced to 
160°; and finally just before tho evaporation is completed, and the sugar ready to 1)0 
di.scharged into the heater, it is further reduced, and approaches 145°, being the 
lowest temperature at which proof-sugar boils, 3 inches from a perfect vacuum. 
When the sugar-boiler ascertains, by withdrawing a sample of the syrup by means 
of the proof-stick, and examining it against the light between his finger and thumb, 
tliat tho crystals are in a sufiiciently forward smte for his purpose, he adds another 
mcasureful to that already in the pan, aud the same process is repeated till tho 
whole charge has been admitted. After each successive charge tho crystals continuo 
increasing in size to the end of the operation, those first formed acting as nuclei : a 
skip, as it is technically called, or a panful of tho concentrjited sugar, may be made 
in from two to four hours from the commencement of tho boiling. If a fine-grain 
sugar bo required, greater quantities of syrup are admitted at each charge of tho 
measure, and vice versa. 

Making of Loaf-sugar . — Tho proof-sugar at a temperature not exceeding 145° is 
then lot down through a cock or valve in the bottom of the pan into the heater. Tho 
sugar-liquor consists at this stage of tho process of a largo number of small crystals 
floating in a medium of syrup. 

The heater is an open copper pan of about the same capacity as the vacuum-pan, 
and is furnished with a steam-jacket and provided with an agitator, — in fact, it closely 
resembles the dissolving-pan used for the first process. Tho object to be attained in 
the heater is to raise the sugar to a temperjiture of 180°, which has been found by 
practice to be tho point best adapted for hardening and completing the formation of 
th(^ crystals, during which process the sugar is constiiiitly stirred. 

Tho sugar is then run out through a cock in the bottom of tlie heater into a ladle, 
from whence it i.s poured into moulds or cones of sheet iron strongly painted. The 
sizes of the moulds vary, from a ca}):icity of 10-lb. loaves to that of 5G-lh. bastards — ■ 
a kind of soft browu sugar obtained l>y tho concentration of the inferior syrups. 
These moulds have tho orifices at their tips closed with nails inserted through pieces 
of cloth or India-rubber, and are set up in rows close to each other, in an apartment 
adjoining the heaters. Hero they are left several hours, commonly the whole night, 
after being filled, till their contents become solid, and they are lifted next morning 
into an upper floor, kept at a temperature of about 100° by means of steam-pipes, 
and placed over gutters to receive tho syrup drainings ; the plugs being first removed, 
and a steel wire, called * a piercer,’ being thrust up to clear away any concretion from 
tlie tip. Tho syrup which flows oft* spontaneously is called ‘ green syrup.’ It is kept 
separate. In the course of one or two daiys, when the drainage is nearly complete, 
some finely-clarified syrup, made from a filtered solution of fine raw sugar is poured 
to the depth of about an inch upon tho base of each cone, the surface having been 
previously rendered level and solid by an iron tool, called a ‘bottoming trowel,’ The 
liquor, in percolating downwards, being already a saturated syrup, can dissolve none 
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of the ciystalline sugari but only the coloured matter and molasses ; ^w'hereby, at each 
successive liquoring, the loaf becomes whiter, from the base to the apex. 

To economise the quantity of ‘ fine liquor’ used, it is usual to give a first and even 
a second liquor of an inferior quality before a]>plying the finishing liquor, which is a 
dense and almost saturated solution of hue sugar absolutely free from colour. A few 
moulds, taken promiscuously, are emptied from time to time, to inspect the progress of 
the blanching operation; and when the loaves appear to have actiuircdas mucli colour, 
according to the language of refiners, as is wanted for the particular market, thc'y are 
removed from the moulds, turned on a lathe at the tips, if nccossar}”, sot for a short 
time upon their bases, to diffuse their moisture equally through them, and then trans- 
ferred into a stove heated to 130° or 140° by steam-pipes, where they are allowed to 
remain for two or three days, till they are baked thoroughly dry. They are then 
taken out of the stove, and put up in paper for sale. 

The drainage of the last portion of the liquor from the moulds is sometimes accele- 
rated by means of a vacuum. Centrifugal action has been also proposed for this 
purpose, but has not been found to succee<l. 

The drainings from the moulds which arc collected in gutters, and run into cisterns 
are boiled, and form an inferior qualitj' of sugar. The drainings from this last sugar 
consist of treacle or syrup, M'liich is alwaj^s obtained as a final product. 

Manufacture of Crystals, — The use of centrifugal action for the separation of 
liquids and solids has been adopted in the arts for many years ; its application for 
the separation of syrup and sugar occurred to several individuals, but it was best 
effected by means of the admirable hydro-extractor, invented by Maiilove and Alliott 
of ^sottingham. Various modifications of this maclnne Jiave ])Oon proposed and 
patented, but it is very doubtful whether anything that has been yet devised has im- 
jiroved upon the original machine. 

The semi-fluid mass is removed to the centrifugal machines with tlie least possilde 
delay, and each machine barely attains its maximum speed liefore llio syrup is dis- 
chargetl. To cleausc the surface of the crystals they are washed M'ith liquor, sprinkled 
in llie machine by means of a watering-can, a few pints being used to e;ich cwt. 

By tins process the percentage of sugar obtiined from the first and each separate 
crj’stallisation is considerably less than that obtained in the making of loaf-sugar or 
the ordinary method of making ‘ crushed,’ though the toial product does not vary 
materially, being rather more than that of the former where tlio prcKluct is stove- 
dried and less than the latter, which is sold damp. The drainage is diluted, fdtered 
through animal-charcoal, boiled, and passed through the centrifugal maeliines, and 
results in a second quality of sugar, the cr}’stals being smaller. The drainage from 
this is treated in a similar manner, and a third quality of crystals is the rosidt. A 
fourth quality of crystals is also sometimes obtained, the drainage from wliieh is 
again boiled and laid aside in large moulds to crj’stallisu for about a week, when 
treacle and a low quality of ‘pieces’ is the final result. The drainages are sometimes 
filtered along with inferior qualities of raw sugar. 

The difl^culty with w’hich these large and beautiful crystals obbiined by this process 
dissolve, is an obstacle to their extensive consumption ; but Messrs. Finzel, of Bristol, 
have lately introduced a sugjir in smaller crystals, which dissolves almost as readily 
as loaf-sugar. 

Crushed Sugar. — This process closely re.sembles the manufacture of loaf-sugar, but 
the raw sugar used is generally of an inferior quality. The filtration througli iJjc 
animal-cbarcoal is in consequence not so perfect ; tlie concentration resenibles tliat (>f 
loaf-sugar, but the use of a heater is dispensed with, and the prottess of liquoring is 
also dispensed with where practicable. The first crystiillisation is calb ii ‘ cruslud ’ 
and the second ‘ pieces,’ the drainage from which goes liy the name of ‘ syruj).’ Wlnui 
this syrup is diluted, filtered through animal-charcoal, and concentrated, it is callu i 
‘ golden syrup.’ 

TreeUment of Motasm, — Foreign and colonial molasses, containing a lai-go propor- 
ti<ni of crystallisable sugar, are purchased by refiners. The Museovadcj molasses fpoiu 
Cuba, from Porto £ico, Antigua, and Barbadoes, are esteemed the best, but tijo qiuility 
of molasses deteriorates as improvements in the manufacture of sugar are introduced 
on the plantations. The treatment of molasses formerly was simple ; it was merely 
concentrated and allowed to stand for several weeks in large moulds to drain. Tim 
liquid was sold as treacle, and the impure soft, dark sugar, called * bastards,’ found a 
market amongst the poorer classes, especially in Ireland. 

The better plan is to dilute the molasses, filter it through animal-charcoal, and 
concentrate to the cxystallising-point, but without forming crystals. This readily 
crystallises in the moulds, and in place of the bastards and treacle, a bright yellow 
SEgar and a &ir qualify of fyrnp are the result Good molasses yields 40 per cent, 
suflar. 40 rm eeaL svran. the remaininfi: 20 per cent, bring water, ddrt, and loss, 
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Valm- or Date-mgar . — Many trees of the palm tribe yield a copious supply of sweet 
juice, which, when boiled down, gives a dark-brown deliquescent, raw sugar, called in 
India Jaggenj. The wild (hite-palm and the gomimuto-palm yield the largest propor- 
tion of this kind of sugar, which is chemically identical with the sugar from the c-ane, 
though the crudeness of the manufacture is v(!ry injurious to it, and Ciiuses a largo 
proportion to assume the uncrystallisablo condition. One twenty-fourth of all the 
cane-sugar extracted for useful purposes is obtained from the palm-tree. 

Beet-root Sugar . — The extraction of sugar from Ijoet-root, has become an important 
manufacture in several countries on the. Continent, especially in I'ranco and Cormany. 
It was developed in consequence of the difficulty of obtaining colonial sugar in Franco 
during the blockade in the time of Napoleon I. See Brut-root. 

The proportion of sugar varies very much. The average proportion of sugar ex- 
tracted from beet is 6 per cent., though it is stated that 7i per cent, is obbiined in 
some well-conducted manufactories. In Franco and Belgium the average yield is U 
or 15 tons of beet to the acre, while about Magdeburg they do not exceed 10 to 12 
tons, but the latter are richer in sugar. 

During the first year of its life the root is developed to its full size, and secretes the 
wliolo amount of sugar which, in the natural life of the plant, furnishes the material 
for the growth and maturity of its upper part. 

The first manipulations to which the beets are exposed arc intended to clear tlumi 
from the adlicring earth and stones as well as the fibrous roots and portions of the 
nock. The roots are washed by a rotatory movement upon a grating mado like an 
Archimedes’ sensw, formed round the axis of a squirrcl-cugo cyliiulcr, which is laid 
horizontally beneath the surface of water in an oblong trough. It is turned rapidly 
by means of a toothed w’heol and pinion. The roots, after being sufficiently agitatc<l 
in the water, are tossed out by the rotation at the opposite end of the cylinder. 

The parenchyma of the beet is a spongy mass, whose cells are filled -with juice. 
The cellular tissue itself, which forms usually only a twentieth or twenty-iifth of the 
whole weight, consists of ligneous fibre. Compression alone, however powerful, is 
inadequate to force out all the liquor which this tissue contains. To efli'cct this object, 
tlic roots must bo subjected to the action of an instrument which will tear and open up 
the grciitest possible number of these cells. Experiments have, indeed, proved, that 
by the most considerable pressure, not more than 40 or 50 per cent, in juice can lie 
olitained from the boot; whilst the pulp procured by the action of a gratcT produces 
from 75 to 80 ptT cent. 

The beet-root rasp is represented in figs. 1940, 1941. a. a is the framework of the 
machine ; h, the food-plate, mado of cjxst iron, divided by a ridge into two parts ; c, 
the hollow drum ; d, its shaft, upon either side of whoso periphery nuts are screwed 


1940 1941 



for securing the saw blades c, c, which are packed tight against each other by means 
of laths of wood ; / is a pinion upon the shaft of the drum, into which the wheel g 
works, and which is keyed upon the shaft h \ iis the driving rigger ; k, pillar of 
support ; /, blocks of wood, with which the workman pushes the beet-roots against 
the revolving rasp ; ?», the chest for receiving the beet-pap ; «, the wooden cover of the 
drum, lined with sheet iron. The drum should mjike 500 or 600 turns in the minute. 

By the process of M. Schiitzenbach the manufacture may bo carried on during the 
whole instead of during a few winter months. At Waghiiusel, near Carlsrube, thia 
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system is adopted. The beets having been \raslicd are rapidly cat np into small 
pieces, and subjected to tlie drying heat of a cokc-firo for six hours. They lose from 
86 to 84 per cent, of their weight ; the dried root may bo kept without injury for 
many months, and the sugar is extracted by infusion. At this colossal establishment, 
which in 1865 employed 3,000 people, and the building of which covered 12 acres of 
land, there were twenty infusing vessels, 12 to 14 feet deep and 7 wide. A cwt. of 
raw roots cost 7rf., and the dried root contained 40 to 47 per cent, of sugar; the 
capital employed was eighty millions of francs. 

Whether the juice is extracted from fresh or dried beets the subsequent procossos 
are the same. The juice, having been extracted either by infusion or by submitting 
the rasped pulp to hydraulic pressure, is placed in a shallow vessel, and mixed with 
as much milk of lime as renders it strongly alkaline, it is then boiled, generally by 
means of a copper coil heated by high-pressure steam. The excess of lime is removed 
by passing a stream of carbonic acid gas through the liquid. The gas is generally 
produced by forcing a stream of air through an enclosed coke-fire. The liquid is 
next filter^ through cloth concentrated to a specific gravity of 25° B., filtered 
through animal-charcoal, and treated in all respects similarly to ordinary cane-sugar 
in a refinery. Though the vacuum-pan is employed in most beet-root establishments, 
there are some manufacturers who continue to evaporate in open vessels. 

The large amount of water which has to be removed in the concentration of beet- 
root s}Tups involves the u.se .of so much fuel that to economise it an ingenious 
apparatus lias been cons^icted by M. Cail of Paris. The principle adopted is to use 
the steam generated from the ebullition of liquid in one vessel for boiling another, the 
steam from which in like manner boils a third. 

The cultivation of the sugar-beet, so largely conducted on the Continent, has been 
introduced into this countr}'. Sec l)r. Voelcker s paper ‘ On the Cultivation of Sugar- 
beet in England,’ Jovrn. Soc. Artf(, March 10. 1871. 

In 1873 the total production of l»eet-root sugar in Europe amounted to 1,142,896 tons. 

Maple-sugar, — The manufacture of sugar from the juice of a species of maplo-tree, 
which grows spontaneously in many parts of North America, appears to have been 
first attempted about 1752, by some of the farmers of Now England. 

The su^r maple, the Acer saccharinum of LinnjeuR, thrives especially in the States 
of New York and Pennsylvania, and yields a larger proportion of sugar than that 
w’hich grows upon the Ohio. It is found sometimes in thickets, but more usually inter- 
spersed among other trees. It is supposed to arrive at perfection in 40 years. 

The extraction of maple-sugar is a great resource to the inhabitants of districts far 
removed from the sea, and the process is very simple. After selecting a spot among 
surrounding maple-trees, a shed is erected, called the sugar-camp, to protect tlu; 
boilers and the operators from the vicissitudes of the weather. One or more augers, 
three-fourths of an inch in diameter; small troughs for receiving the sap; tuljcs of 
elder or sumach, 8 or 10 inches long, laid open through two-thirds oftln ir length, 
and corresponding in sifce to the auger -bits ; pails lor emptying the troughs, and 
carrying the sap to the camp; boilers ciipahle of boiling 15 or 16 gallons; moulds 
for receiving tlie syrup inspissated to the proper consistency for eonereting into a loaf 
of sugar; and. lastly, hatchets to cut and cleave the fuel, are Uie principal utensils 
requisite for this manufacture. February and the beginning of March is the sugar- 
season. 

The trees are bored obliquely from below upwards, at 18 or 20 inches above the 
ground, with two holes 4 or 5 inches asunder. Care must be taken that the auger 
penetrates no more t.h«an half an inch into the alburnum, or wliite bark ; as experience 
has proved that a greater discharge of sap takes place at this dej>th than at any other. 
It is also advisable to perforate in the south face of the trunk. 

The trough, which contains 2 to 3 gallons, and is made commonly of wliite pine, is 
set on the pound at the foot of each tree, to receive the sap which flows through the 
two tubes inserted into the holes made with the auger ; it is collected together daily, 
and carried to the camp, where it is poured into casks, out of which the boilers arc 
supplied. In every case it ought to be boiled within the course of two or three days 
from flowing out of the tree, as it is liable to run quickly into fermentation, if the 
weather heoome mild. The evaporation is urged by an active fire, with careful 
akimmiiig d^ng the boiliiig ; and the pot is continually replenished with more sap, 
till a huge body htm assumed a syrupy consistency. ^ It is then allowed to cool, and 
passed through a woollen cloth, to tree it from impurities. 

The ayirap is transfeiRod into a boiler to three-fourths of its capacity, and it is urged 
with a brisK Are, till it acquires the requisite consistency for l>eing poured into the 
moulds or troughs prepared to receive it. This point is a8cert<')ined, as usual, by its 
exhibiting a spanumr aspect, when a few drops are drawn out into a thread between 
tkfl ana thurnh, in the oourse of the last boiling, the liquor froth up consi- 
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(leraLly, a small bib of butter or fat is tlirown into it. After the molasses has been 
drained from the concreted loaves, the sugar is not at all deliquescent, like equally 
brown sugar from tlie cane. Maple-sugar is in tiisto equally agreeable with cane-sugar, 
and it sweetens as well. When refined it is equally fair wntli the loaf-sugar of Europe, 

The period during which the trees discliarge tlicir juices is limited to about six 
w'ceks. Towards the end of the flow, it is less abundant, less saccharine, and more 
difficult to be crystallised. 

I'he total production of niiiplo-sugar has been estimated at 45 millions of pounds. 

Votaio-sugar . — Tlio maiiufiicture of sugar from starch derived from potatoes, from 
woody matter, and from rags, can be effected by treating them with sulphuric acid and 
heat ; but the process, interesting though it is, is rarely if ever adopted at present, as 
the sugar is inferior in quality to that obtained from the cane, nud is dearer in price. 

The specific gravity of cane and beet-root sugar is 1*577, not I fiOGo as given by Ber- 
zelius and others ; that of sbirch-sugar, in crysUlli no tufts, is T39, or perhaps T40, as 
it varies a little with its stiite of dryness. At T342 syrup of the cane contains seventy 
]i('r cent, of sugar ; at the same density syrup of starch-sugar contains seventy-five 
;ind a half per cent, of concrete matter, dried at 260° Fahr., and, therefore, freed 
from the ten per cent, of water, which it contains in the granular state. Thus, another 
distinction is obtained betwecu the two sugars in the relative densities of their solu- 
tions, at like saccharine contents, per cent. 

One cf the most important considerations for a sugar-refiner is to furnish himself 
amply with bono-charcoal of the best quality, and to devote unsparing attention to the 
process of revivificiition. The theory of the action of bone-charcoal upon solutions of 
raw sugar and other coloured liquids need not be discussed here. See Chahcoal. 

The following Table contains the avcKigo results of many analyses made by Pr. 
Wallace of Cllasgow, of several kinds of raw sugar as imported into Greenock and 
Glasgow, and of the diflferent products of a Greenock suga,r-hous(; : — 



West 

India 

Beet 

Date 

Lumps 

Pieces 

Bastards 

Green 

syrup 

a 

2 g 

si 

Molasses 

Treacle 

Cane-sugar . 

94*4 

95‘7 

95*4 

97-3 

87-7 

68*3 

62*7 

39*6 

48*0 

32*5 

Fruit-sugar . 

2*2 

0*3 

1-8 

0*5 

6*0 

15*0 

8*0 

33*0 

18*0 

37-21 

Extractive and colour- 










1 

ing-matter 

03 

0*t 

0*1 


0*5 

1*2 

0*6 

2-8 

lo 

3-5 

Ash .... 

0*2 

1*6 

0-2 

0*2 

0*8 

1*5 

10 

2*5 

1*4 

3*4 

Insoluble matter . . 

0*1 

... 

1*7 


... 

... 

... 

... 

... 


Water . . . • 

2-8 

20 

0*8 

2*0 

5-0 

14*0 

27*7 

22*7 

31*1 

23*4 

Total . 

100 

100 

100 

jlOO 

100 

100 

100 

100 

100 

100 


Sugar Ln^oHcd in 1873 


Refined or sugar equal in quality, 
and sugar-candy 

Class 

Cwts. Value 

£ 

2,273,490 3,847,271 

Unrefined sugar 

1st 

810,934 — 


2ikI 

3,871,492 — 

,» 

3rd 

3,913,725 ~ 

„ 

4tli 

5,654,177 — 


3 

2 

2 

2 

2 


Duty 

d. 

0 per cwt. 
10 „ 

8 

5 


Total unrefined of all kinds . . 14,241,328 17,066,026 

Cwts. £ 

Glucose, liquid or vegetable syrup . 36,306 43,373 

Molasses ...... 520,315 245,766 


Sugar Imported iu 1874 : — 

Refined and Camly 
Unrefined 
Molasses , 


Cwte. 

2,617,861 

14,216,728 

339,352 


Value 

£ 

4,098,638 

16,901,046 

181,544 


Export of sugar, refined and candy, in 1874 : — 

930,729 cwts.; Value, 1,227,164/. 

SVOA14 or XiBjILB, properly Acetate of Lead {Acetate de phruib ; Set de Saiufnit 
Fr. ; Esdgsaures Blcioxgd, Blciznckc)\ Ger.), is prepared by dissolving pur© Utharg©, 
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with heat, in Btrong vinegar, made of malt, wood, or wine, till the acid bo satu- 
rated. A copper boiler, rendered negatively electrical by soldering a strap of load 
within it, is the best adapted to this process on the great scale. 325 parts of finely 
ground and sifted oxide of lead require 675 parts of strong acetic acid, of spec. grav. 
7® Beaumd, for neutralisation, and affortl 960 parts of crj’sbillised sugar of lead. 
The oxide should bo gradually sprinkled into the moderately hot vinegar, with con- 
stant stirring, to prevent adhesion to the bottom ; and when the proper quantity is 
dissolved, the solution may be weakened with some of the washings of a preceding 
process, to dilute the acetate, after which the whole should be heated to the boiling 
point, and allowed to cool slowly in order to settle. The limpid solution is to la? 
drawn off by a syphon, concentrated by boiling to the density of 32° B., Inking care 
that there be always a faint excess of acid, to prevent the possibility of any basic salt 
being formed, which W'Ould interfere with the formation of regular crystals. Should 
the concentrated liquor be coloured, it may be whitened by filtration through granular 
bone-black. 

Stoneware vessels, With salt-glaze, answer best for crystnlliscrs. Their edges 
should l>e smeared with candle-grease, to prevent the salt creeping over them by 
efflorisccni vegetation. The crystals are to bo drained, and dried in a stove-room 
very slightly heated. It deserves remark, that linen, mats, wck>c1, and pa]H‘r, imbued 
with sugar of lead, and strongly dried, readilt* take fire, and burn away like lindor. 
When the mother-waters cease to afford good crystals, they should l)e decomposed by 
carbonate of soda, or by lime skilfully applied, when a carbonate or an oxide will be 
obtained, fit for treating with fresh vinegar. The supernatant acetate of soda may 
be employed for the extraction of pure acetic acid. 

A main point in the preparation of sugar of lead is to use a strong acid ; otherwise 
much time and acid are wasted in coucentr;iting the solution. This salt crystallises 
in colourless, transparent, four- and six-sided }>r'sins, fr(mi a moderately concentrated 
solution ; but from a stronger solution, in small needles, which have a yellow cast if 
the acid has been slightly impure. It has no smell, a sweetish astringent metallic 
taste, a specific gravity of 2’3-15 ; it effiore.‘<ces slightly in a dry ntmospherc, and when 
heated above 21 2° Fahr.it froths up and loses all its water of crystillisation, together 
witli some acetic acid, falling into a powd(‘r wliich ]»asses slowly in the air into ear- 
l»onate of lead. If heated to 536° Fahr. it is entirely liquid, sund at a higher temjKTaturc 
is decomposed, disengaging acetic and carbonic acids, and sonu; ac(!tonc ; there.sidno 
consisting of very finely divided and very eombu.slil)le mehillie lead. The crystals of 
acetate of lead dis.solvc in 1.^ time their weight of water at 60° I'.-dir., Init in much lo.s 
of lx)iling water, and in 8 parts of alcohol. The solution feebly reddens litinus-paj'cr, 
although it imparts a green colour to syrup of violets. The constituents of tin! 
normal salt are. 58*71 oxide of lead, 27’08 acetic acid, and 14.*21 water, jn 100. or 
rb0,C«}J"0’ -f 3HO [Pb f -T 3H-0 ]. 

Acetite of lead is mucli used in calico-ytrinting. It is ]'oisonr>us, and ought to be 
prepared and handled witli iOtenlion to tliis circumstance. 

I'our suhacetates of lead are generally acknowledged to exist, viz. ; — 

Sesquihasic acetate. This is obtained by heating the neutral .'icctate in a c.i]isule till 
the fused mass becomes white and porous ; this is then dissolved in water and evaj.o- 
rated. when on cooling ptvirly laminae siqMirate; they are solulde in water and alcohol, 
and the solution possesses an alkaline reaction. 

Dibasic acetate. This salt, when in solution, is known as Goulard's e.rtracf, and is 
formed by boiling together a solution of the neutral acetate and an equivalent quan- 
tity of pure litharge (oxide of lead). In t he solid state it is crystalline. 

Trihasie acetate. This salt is the most sUible of the subsalts. It is obtained in the 
crystalline state, by leaving to itself a cold s;dur.at(.d solution ot the neutral acetate, 
to which one-fifth of its volume of Ciiustic ammonia has been added. It may also 
he made by digesting 7 parts of pure litharge W’ith a solution containing 6 {:Mirls of 
the ciy*st#illised neutral acetate. It forms long silky needles, which are very soluhlt! 
in water, but insoluble in alcohol. Carbonic acid transmitted through the solution 
precipitates the excess of oxide of load, in the state of carbonate ; a process long since 
described by Th^nard, for making white lead. 

Hexbasic acetate. This subsalt is obtained by boiling any of the other acctitos 
with an nTCIB|(l of litharge. It is a precipitate, which, when examined by the micro- 
scope, preniilll^ii crystalline aspect. It is slightly soluble in boiling water, from 
which, fb b|i||Bg, white silky needles are deposited. This salt is frequently found 
in comnifstial w lead. The solutions of suhacetates are rajjidly decomposed by 
the carbo nic acid of the atmosphere. 

8WTt Quite a recent instance of improved economy is found in the treatment 
•of the wool of sheep. It has been ascertained that sheep derive from the soil ujx)n 
whvk theyputtntt a cooeiderable amount of potash^ which, after it has circulated in 
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tho bloo'1, is spcrctcd from tlio skin ■with the swent, and remains, generally in connec- 
tion TNnl.lj this, attached to tlie wool. CIicatouI discovered, some time ago, that this 
peculiar mixture, known by the French as Suuitj constitutes not less than one-third 
the w<‘ight of the raw merino fleece, from which it. is easily removed by immersion in 
cohl water. In oixlinary wools tho suint is less, the amount being about 15 per cent, 
of tlie raw fleece. Formerly it was considered as a kind of soap, mainly for the 
reason that the wool, besides this sometimes contiined about 8 per cent, or a not 
inconsiderable quantity of fat. This fat, however, is usually combined with earthy 
m.itters, mostly w'ith lime, and consequently forms a soap which is very insoluble. The 
sol aide suint is a natural salt (sudorate of potash) arising from tho combination of 
potash with a peculiar animal acid, of which little is known. Especial effort has 
lately been directed to suint, in order to obtain as much as possible of the potash 
eliminated from the animal, and a special industry has been established in various 
portions of tho great French wool district, such as Rheims, Elbceuf, &c. 

A company purchases from the w'ool-raiser tho solution of the suint obtained by 
rinsing the w’ool in cold water, tho price paid for it being higher in proportion as it is 
more concentrated As a general thing it is maintained that a fleece weighing nine 
pounds contains 20 ounces of suint, which should contain about one-third part, or six 
to seven ounces of potash, although not more than five and ono-half ounces, are per- 
haps directly available. 

In the w’ool manufactories of the towns just referred to, there are nearly 60,000,000 
pounds of wool washed annu.illy, the jdeld of about 6,750,000 sheep. This quantity 
should contain over 3,000,000 pounds of pure potash. Thus the water in which the 
wool is washed, and which was formerly thrown awaj^ is made to yield a product 
adding appreciably to the value of tho wool itself, and more than covering tho cost of 
its treatment. It is, of course, not an easymatter to utilise tho solution of suint on a 
largo scale ; Imt, wherever the work is carried on by tho wbolesalo, as it is in connec- 
tion with all great manufacturing establishments, it will uneloubtedly become a regular 
part of tho process of manufacture. 

Sirx.PKAT£ OF ASAJK/ITKA. AWB POTASSA is common alum. Sec ALU^r. 

SXTXiPHATB OF BARTTA is the mineral called Heavy-Spar. See Baryta, 

SULI'HATK OF. 

STTBPRATB OF COPPBR, J?07mn or Bhie Vitriol (Kupfervi trial, Gcr.'), 
CuO.SO® (CuSO^), is a salt composed of sulphuric acid and oxide of copper, and 
may be formed by boiling tlie concentrated acid upon tho metal, in an iron pot. It is, 
liowever, a natural product of many copper mines, from which it flows out in the 
form of a blue water, being t he result of the infiltration of water over copper pyrites, 
wliich has become oxygenated by long exposure to the air in subterranean excavations. 
The liquid is concentrated by heat in copper vessels, and then set aside to crystallise. 
The salt forms in oblique four-sided tables, of a fine blue colour ; has a spec, gravity 
of 21 01 ; an acerb, disagreeable, metallic taste ; and, when swallowed, it causes violent 
vomiting. It becomes of a pale dirty blue, and effloresces slightly, on long exposure 
toiheair; when moderately heated, it loses 36 per cent, of water, and falls into a 
whitish powder. It dissolves in 4 parts of water at 60°, and in 2 of boiling water, 
but not in alcohol ; tlie solution has an acid reaction upon litmus-paper. AVhen 
strongly ignited, the acid flics oflf, and the black oxide of copper remains. Tlio con- 
stituents of crystallised sulphate of copper are oxide, 31*80; acid, 32*14; and 
water, 36-06. Its chief employment in this country is in dyeing, and for preparing 
certain green ] figments. (See Scheki.ks and Schweixfurtii Green.) Tii France, 
as well as in England, the farmers sprinkle a M’cak solution of it upon their grains 
and seeds before sowing them, to prevent them being attiicked by birds and insects. 
8ee CorrER. 

SVXiPHATB OF ZROir, Green vitriol, Co'ppcras (Conperose verfe, Fr. ; Eisen- 
vitriol, Schwcfelsaurcs Eismoxydul, Ger.), FcO.SO^ (FeSO^), is a compound of sulphu- 
ric acid, and protoxide of iron ; hence called, by chemists, tho protosulphato ; consisting 
of 20*10 of protoxide of iron, 29‘90 of sulphuric acid, and 44*00 of water, in 100 parts. 
It may bo prepared by dissolving iron to saturation in dilute sulphuric acid, evapo- 
rating tlio solution till a pellicle forms upon its surface, and setting it aside to crystallise. 
The copperas of commerce is made in a much cheaper way, by stratifying the pyrites 
found in tlie {Vitriol kies and Slrahlkics of the Germans), upon a sloping 

puddled platform of stone, leaving the sulphide exjmsed to tho weather, till, by the 
absorption of oxygen it cifloresccs ; lixiviating with water tho supersulphate of iron 
thus formed, saturating the excess of acid with plates of old iron, then evaporating and 
crystallising. The other pyrites, w'iiich occurs often crystiillised, called by the Germans 
Schwcfclkicii or Eisenkies, must be deprived of a part of its sulphur by calcination 
before it acquii-es the property of ;»bsorbing oxygen from the atmosphere, and thereby 
passing from a bisulphide into a sulphate. Alum-schist very commonly coPtaina 
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pyrites, and affords, after boinp: roasted and weather-worn, a considerable quantity of 
copperas, which must bo carefully separated by crystallisation from the alum. 

This liquor used formerly to be conceiitrated directly in leaden vessels ; but the 
first stage of the operation, is now carried on in stone canals of considcrnblc length, 
vaulted over with bricks, into which the liquor is admitted, and subjected at the 
surface to tlie action of flame and heated air, from a fiirnnce of the reverbcTatory 
kind, constructed at ono end, and discharging its smoke by a high cliimney raised at the 
other. (See Soda Mahpfactuke.) Into this oblong trough, resting on dense clay, 
and rendered tight in the jdnts by watcr-ccment, old iron is mixed with the liquor, 
to neutralise the excess of acid generated from the pyrites, as also to correct the 
tendency to superoxidation in copjnras, which would injure the fine green colour 
of Uie crystals. After due couccnlration and saturation in this surface-evaporator, 
the solution is run off into leaden boilers, where it is brought to the proper density 
for affording regular crystals, which it does by slow cooling, in stone cisterns. 

Copperas forms sea-green, transparent, rhomboidal prisms, which arc without smell, 
but have an astringent, acerb, inky taste ; they speedily become yellowish-brown in 
the air, by peroxidation of the iron, and efilore.sce in a warm ntmo.s}»liere ; they 
dissolve in 1*43 parts of water at 60"’, in 0*27 at 100", and in their own watur of 
crystallisation at a liigher lieat. 'J'hi.s salt i.s extensively used in dyeing black, 
especially hats ; in making ink, and J’russian-bliie, for reducing iudigo in the l)liie vat, 
in the China bhie-dj'c, for making the German oil of vitriol, and in many chemical 
and medicinal preparation.*;. 

SVXiPBATS OP ZtZlIIS. See Ai.auastku ; Gypsvm ; Sklknite. 

SirZiPBATfi OP MAGSrSSZA. Sec ]i)i‘.soM Salts ; Mai;xi:sia, SrLPiiA'rj: (*i\ 

SVliPBATS OP MAirCAlff’BSZ: is i>reparod on the great scale for the calico- 
printers, by exposing the peroxide of the metal and pit-coal ground together, uii l 
made into a paste with suljihuric acid, to n heat of 100"' I'ahr. On lixivial ing the calcined 
mas.s, a solution of the salt i.s ol Uiined, whicli is to be evaporated and crysUllised. 
It forms pale amethvst-colourc I pris’ns. which have an astringent bitter Uistc, dissolve 
in 2a p.'irts of water, and e<)nsi.st of — protoxide of manganese, 31’t)3; sul])hiiric acid, 
3o'87 ; and water, 32-20, in lOu pans. 

StriiPBATi: OP MSBClTBir. S< (MKncrnv. 

SirZiPBATS OP POTASH. Sec I’otasii. 

8irz»PBATS OP S03DA is conimoidy called Glauocrtt naif, from the inline (if the 
chemist who first jtreparea it. Sec Soda, Svi tuiatk ok. 

SUZaPBATS OP ZZXVCi c.-riled also White VilrioJ, is commonly pre})ared in the 
Hiirtz, by washing the calcined and cllioivsci'd suljiliidc of zinc or blende, on the 
same principle as green and bliu vitriol are obtained from the suljiliides of iron and 
copi-Kir. Pure sulphate <jf zinc made In- ma«le most readily by dissolving zinc in 
dilute sulphuric acid, evajiorating and cry.^^lariising the .solution. It forms prisin.'itic 
crystals, which have an astringent, di.sagrceable, metallic ta.sLe : they e.lTloresot' in a 
dry air, dissolve in 2 o parts of water at Co', and consist of- -oxide of zinc, 28 20; 
acid 28‘18; water, 43-53. h?iilphaie of zinc i,s used for preparing drying oils for 
varnishes, and in the reserve or resist jiastes of the calico-printer. See /iNC. 

SraPBATBS are saline compounds of sulphuric acid with oxidhsed bases. The 
minutest quantity of them j)re.sent in any soluthm may be di tceted by the jirecipitate, 
insoluble in nitric or muriatic acid, which they aflbrd with nitrate or chloride of 
barium. They arc mostly insoluble in alcohol. 

SVZiPBZBB OP CARBOB. See Caudox', Bisulphidk of. 

SUZdPBZTSS arc a class of salts, consisting of sulphurous acid, combined in 
equivalent proportions with the oxidised bases. 

SmbP&UBt Brimstone {Soufre, Fr. ; h^chccfcl, Ger.), is an elementary substance 
of great importance. It is abundantly distributed in nature, either in the free state (jr 
in combination with other elements. In the free slate it is found in three different 
forms: Ist, as kidney-shaped lumjis, di.v.seminakd through beds of tertiary and 
recent formations ; 2nd, in calcareous formations of Pliocene agi‘, a.ssociated with 
pTpsum and rock-salt: it is under these circuimslances that it is principally loiind 
111 the mines of Sicily, which supply nearly all llie sulphur of eominerce in Kuroj)e ; 
8rd, as sublimations around the moutlis of volcanoes. M-licre it is mixed with the 
Bcorim and lava. The solfutaras of Guaduloupe and Pouzzales supjily it in tliis state. 

The sulphur mines of Sicily, of which the princijial are situated near Cattolica, 
Giigeoti, laoata, Caltanisetta, Caltascrbctta, Ceiitorbi, and Sommalino, supply immen.se 
qtuintities of sulphur. According to Signor Mottura, the luesent annual piroduetion of 
Sicily is about 160,000 tons. The Kom.agna, Spain, and Iceland, likewise sujiply fculi)hur. 

Sulphur is also found largely in nature in coinbiii.-itioi). a.s sidjibiiric acid, and with 
metals forming sulphides ; these latter combination.s are known a.s pyrite.s. »Si;c Tv uitks. 

The prooets for the separation of the sulphur at the cclcbruicd soifatara of 
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Pouzzales, near Naples, where the sulphur is condensed in considerable quantities 
mnongst the gravel collected in the circle which forms the interior of the crater, is 
conducted as follows : the mixture of sulphur and gravel is dug up and submitted to 
distillation to extract the sulphur, and the gravel is returned to its original place, and 
ill the course of about thirty years is again so rich in sulphur as to servo for the same 
process again. The distillation is effected in the following manner : — Ten earthen 
pots, of about a yard in height, and gallons imperial in capacity, bulging in the 
middle, are ranged in a furnace called a galley ; five being set on the one side, and 
live on the other. These are so distributed in the body of the walls of the gallery, 
that tlieir belly projects partly without and partly within, while their top rises out of 
the vault of the roof. The pots are filled with lumps of the sulphur ore of the size 
of the fist; their tops are closed w'ith earthenware lids, and from their shoulder 
proceeds a pipe of about 2 inches diameter, which bends down, and enters into another 
covered pot, with a hole in its bottom, standing over a tub filled with water. On ap- 
plying heat to the gallery, the sulphur melts, volatilises, and runs down in a liquid 
suite into the tul)S, whore it congeals. When one operation is finished, the pots are 
re-charged, and the process is rc]»ea.t.cd. 

The sulphur thus obtained is still more or less impure, and in tliis case can only be 
used in the manufacture of sulphuric acid; it is therefore subjected to another process 
of purification, which M'ill now' be described: — 

Flff. 1942 represents one of the cast-iron retorts used at Marseilles for refining 
sulphur, wherein it is melted and converted into vapours, which arc led into a largo 
chamber for condensation. The body, a, of the retort is an iron pot, 3 feet in 
diameter outside, 22 inches deep, half an inch thick, which weighs l lcwts., and 
reciiives a charge of 8 cwts. of crude sulphur. The grate is 8 inches under its bottom, 
whence the fiaino rises and 
plays round its sides. A cast- 
iron capital, 6, being luted to 
tlic top, and covered with sand, 
the opening in front is shut 
with an iron plate. The chamber 
d, is 23 feet long, 1 1 foot wide, 
and 13 feet high, with w'alls 32 
inches thick. In the roof, at 
each gable, valves or flap-doors, 
c, 10 inches square, are placed 
at the bottom of the chimney r. 

The cords for opening the valves 
are led down to the side of the 
furnace. The entrance to the 
chamber is shut with an iron 
door. In the wall opposite to 
the retorts, there arc two aper- 
tures near the floor, for taking 
out the sulphur. Each of the 
two retorts belonging to a 
chamber is chargtxl with or 
8 cw'ts. of sulphur ; but one is fired first, and with a gentle heat, lost the brimstone 
froth should overflow ; but when the fumes begin to rise copiously, with a stronger 
flame. The distillation commences within an hour of kindling the fire, and is com- 
pleted in six hours. Three hours after putting fire to the first retort, the second is 
in like manner sot in operation. 

When the procefjs of distillation is resumed, after having been some time suspended, 
explosions may be apprehended, from the presence of atmospheric air: to obviate 
the danger of which, the flap-doors must be opened every 10 minutes ; but they should 
roniain closed during tlie setting of tlio retorts, and the reflux of sulphurous fumes or 
acid should ho carried off by a draught-hood over the retorts. The distillation is 
carriecl on without interruption during the week, the charges being repeated four 
times in the day. Ey the third day, the chamber acquires such a degree of heat as to 
preserve the sulphur in a liquid state ; on the sixth, its temperature becoming nearly 
300° Fahr., gives the sulphur a dark hue, on which account the furnace is allowed to 
cool on the »Sunday. The fittest distilling temperature is about 248®. The sulphur is 
drawn off through two iron pipes cast in the iron doors of the orifices on the side of 
the chamber opposite to the furnace. The iron stoppers being taken out of the mouths 
of the pipes, the sulphur is allowed to run along an iron spout placed over red-hot 
charcoal, into the appropriate wooden moulds. 

Otlier forms of apparatus have been used of late years in Italy for the extraction of 
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mlplitir. The furnace moat generally used is known as the calcaronc, and consists of 
a ciroular wall of masonry, within which tlio ore is piled up. Steam at high pressure 
has also been applied to the fusion of the sulphur. See a paper by M. Pirckhey, en- 
titled, * Des Divers Proc^dds en usuage cn Italic pour TExtraction du Soufre de ses 
Minerais,’ BvU, d. L Soc, dc Find. Min. 1873. 

According to Signor Parodi, there are now (1874) 250 sulphur mines in Sicil}’. The 
ore yields from 15 to 40 per cent, of sulphur, but the extraction is so wasteful that an 
average of only 14 per cent, is obtained. 

In some ^aces sulphur is obtained from the sulphides of iron and copper. In 
Saxony and ^hernia, they are introdueed into large earthenware pipes, which traverse 
a furnace-gallery ; and the sulphur exhaled flows into pipes filled with cold water on 
the outside of the furnace: 900 parts of sulphide afford from 100 to 150 pirts of 
sulphur, and a residuum of protosulphide. 

Pyrites, as a Irsulphide, consisting of 45*5 parts of iron and 54*5 of sulphur, may, 
by proper chemical means, be made to give ofl'onc-half of its sulphur, or about 27 per 
cent. 

The great disadvantage in the suljduir prepared from p 3 Tites is, that some of the 
pyrites contain a large quantity of arsenic, and the sulphur thus obtained from them 
generally contains sulphide of arsenic, hence the sulpliiiric acid made from it would 
contain arsenic, and thus be unfitted for man}’ purposes of the arts ; though a toleraldy 
good sulphuric acid may hr made directly from the combustion of pyrites, instead of 
sulphur, in the lead-chambers. See I^ykitks. 

Sulphur occurs in ctimmerce in two different forms, viz. solid, or in powder : the 
former is generally* in sticks, and is called roll or sikh siilplmr; and the latter 

as eublbmd or finwerif of i^ilphur ; and also the kind principally used in medicine, as 
j)r€cipitatcd stilphur or milk of sulphur. Tliese different forms are caused ly the 
different modes of preparation ; if the .sulphur be sublimed into large cliamliers, 
which are kept cool during llie operation, the product will appear as a powder 
{sublimed or fiou'crs of sulphur) ; but if the chamber be allowed to get liot , the sulj'liur 
melts, and is run off into moulds, and forms the lump sulpliur. The washing of the 
sublimed sulphur is to remove anj” sulphurous or sulphuric acid, which it generally 
contiiins wlieii taken from the chamber, jyrecipitaUd sul ph ur is formed by boiling 

ordinary sulphur with lime and water; the sulphur enters into eondanation with tin; 
lime, forming a sulphide of calcium and hj’posulphite of lime, which di.ssolve in the 
water; to the filtered liquid hydrochloric acid is added, which unites with the lime 
and precipitat-es the sulphur. The sulpliur thus precipitated is of a pale yellow colour, 
and when first preeijatated vill }*ass tlirough a. filter witli the water, just as if it were 
in solution, from the fact of its being so finely' divided. Some manufacturers use 
sulphuric acid instead of hydrochloric acid in this process, and tliercfore the milk of 
sulphur found in the shops is geiieralh’ largely’ coiitaminatc'd with siiljiiate of lime, 
feels gritty between the teeth, and sparkles wdien looked at in one direction. 

Ordinary sulphur may be crvstalline or amorphous; it is capalde of crystallising in 
two different forms, and is hence said to be dimorjihoui^. One form is that of acute 
rhombic octahedrons, belonging to the prismatic system, winch is the ])nncipal form 
as.sumed by native sulphur, and may l^e obtained artificially ly the spontaneous 
evaporation of a solution of sulplmr in bisulphide of carbon ; tiui second form is that 
of acute rhombic prisms, belonging to the oblique s^’stem, whicli is obtained by fusing 
sulphur in a crucible, and, when pirtl^’ cooled, breaking the crust which is formed on 
the top, and pouring out the part which still remains liquid, wlien the p.n't whicli has 
become solid will remain in long crystals. These? cry.'^tal.s dilfi r not only in sliaja', but 
also in specific grarit;^; the octiihedral crystals liaving a sja?cific gravity' of 2 ()-J5, 
and the prisms a specific gravity of T982. The n-d tint, st> common in the crystals 
of Siciljs and of volcanic districts, has been ascribed by some mineralogists to the, 
presenco of realgar, and by otliers to iron ; but Stromeyer has found the subiinu*d 
oraijgo-red sulphur of A^ulcano, one of the Lipari Islands, to result from a natural 
comlnuation of sulphur and selenium. 

Sulphur also presents another peculiarity. At all ordinar}' temperatures it is solid, 
but it melts at 282® Fahr., and at this temperature it is a.s fluid as W’at(;r; if llie licat 
be now gradually raised, it will become tlncker and thicker until, between 430° and 
480® Fahr., it is so tenacious that the vessel containing it may be inverted for a 
moment without losing any of its contents ; if while in tliis state it is cooled suddenly, 
as by pouring it into cold water it will remain for mriny hours fierfectly soft and 
flexible, and may be drawn out into threads ; it now presents none? of the appearances 
of sulphur, and is called amorphous stdphtir. After some tiuje, however, it regoiins its 
former properties, becoming brittle and crystalline, aud may he ri'stored still more 
rapidiy to its original state by melting and slow cooling. If t)je temperature lx* still 
niMdiibofe480® Fslir., tho saipbur betwoon this and the boiling-point 702® Fahr., 



SULPHURETTED HYDROGEN 


957 


becomes again perfectly liquid. When heated in conbict with the air, sulphur ignites 
and burns with a pale blue flame, generating sulphurous acid gas, \^JJlieh is employed 
to bleach woollen and silken goods ; to disinfect vitiated air, though for this purpose 
it is grwitly inferior to chlorine; to kill mites, moths, and other destructive insects 
in zoological colloetions ; and to counteract too rapid fermentation in wine-vats, &c. 

Sulphur has a slight odour, and scarcely any taste. It is ji very bad conductor of 
heat; and a lump of sulphur, even by the heat of the hand, will produce a crackling 
sound, and often break in pieces. It is a bad conductor of electricity, and by friction 
becomes strongly charged with electricity, which is of the negati^'e kind. Sulphur 
is insoluble in water and alcohol ; but is dissolved by oil of turpentine and the 
fatty oils : the best solvent of it, however, is bisulphide of carbon. In its chemical 
relations it is allied to oxygen, &c. It has been known from the most remote ages, 
and from its kindling at a moderate temperature is employed for readily procuring 
lire, and lighting by its flame other bodies less combustible. 

Sulphur is also employed for cementing iron bars into stones ; for taking impressions 
from seals and cameos, for which purpose it is kepjt previously melted for some time 
to give the casts an appearance of bronze. Its principal uses, however, are for the 
manufactures of gunpowder and sulphuric acid, 

Idicro is another form in which sulphur is sometimes known, and this is what is 
termed horse hrimstone or black siU'phur. It is the dregs of the subliming pot after the 
purilication of sulphur, and often contains large quantities of arsenic. 

The purity of sulphur may be known by its being completely volatilisable, and by 
being solulde in bisulphide of carbon; any earthy impurities would in either case 
remain behind. 

SVXiPHIIltA.TIOM' is the process by which w'oollen, silk, and cotton goods are 
exposed to the vapours of burning sulphur— sulphuron.s acid gas. 

Sulphuring-rooms are sometimes constructed upon a great scale, in which blankets, 
shawls, and woollen clothes may bo suspended freely upon poles or cords. The floor 
should bo flagged with a sloping pavement, to favour the drainage of the water that 
drops down from the moistenecl cloth. The iron or stoneware vessels, in which the 
sulphur is burned, are sot in the corners of the apartment. They should be increased 
in number according to the dimensions of tho place, and distributed uniformly over 
it. Tho windows and the entrance door must bo made to shut hermetically close. 
In tho lower part of tho door there should bo a small opening, with a sliding shutter, 
which may be raised or lowered by tho mechanism of a (!ord passing over a pulley. 

SVI^PB'DltETT&B BYBBOGEX, or Hydrosulphuric acid. Sulphur does not 
unite directly with h^'drogon when in the free state, but wheu the sulphides of those 
metals which dissolve in dilute acids with liberation of hydrogen are treated with the 
same acids, they are dissolved, and tho hydrogen, as soon as liberated, unites with tho 
sulphur of tho sulphide, and is cvolv’’ed as sulphuretted hydrogen. Sulphide of iron is 
tho most general substance that is used for this purpose ; the action goes on without 
tho application of heat. Tho following equation represents tho decomposition : 

FeS + HO.SO»= FeO.SO* + HS (PeS + B-’SO< = FeSO^ + B^S). 

This substance docs not yield the gas in tho puro stato ; hence, when its purity is 
an object, it is obbiined by the action of hydrochloric acid on torsulphido of antimony ; 
in this case the gas is only liberated by the application of heat : 

SbS> + 3HC1 = SbCF + 3IIS (SbW -h 6BCI = Sb'“Cl« + SPPS). 

The sulphide of iron may efisily be prepared by projecting into a red-hot crucible a 
mixture of parts of sulphur and 4 parts of iron-filings, or borings of cast iron, and 
excluding tho air as much us possible. Another process is to raise a bar of iron to a 
white heat, and then rub it with a lump of sulphur, over a vessel of water, when the 
drops of fused sulphide fall into tho water. 

Sulphuretted hydrogen, at ordinary temperatures, is a colourless gas, possessing a 
most disgusting odour. It is liberated by many vegetable and animal substances in a 
state of decay. Its density is 1*171, and it contains 1 part of hydrogen and 16 parts 
of sulphur by weight. It possesses tho properties of an acid, and its solution in water 
reddens litmus-paper. 

At a temperature of 50°, and under a pressure of 17 atmospheres, it is condensed 
to a highly limpid colourless liquid, of specific gravity 0*9, and when cooled to— 122° 
solidifies, and is then a w'hito crystiilliiie translucent substance, heayier than the 
liquid. In the undiluted state this gas is very suffocating : the best antidote is a little 
chlorine, which decomposes it immediately, liberating the sulphur ; 

IIS + Cl « HCl + S (B^S + CV « 2BC1 -I- S). 

It is very soluble in water, that liquid dissolving 2 J times its bulk of the gas ; tke 
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solution quicklj becomes milky from the deposition of sulphur, the oxygon of the air 
uniting with the hydrogen : 

HS + 0 « HO + S (H^B + O^B^O + S). 

The principal use of sulphuretted hydrogen is in the laboratory for tho separation 
of certain metals from their solutions. Being much heavier than air, it can bo poured 
from one vessel to anotdier. 

BUXBHVBZC ACXBv Vitriolic Acid, or Oil of Vitriol. (Acid siilfuriquc. Fr. ; 
SchwefeUaure, Ger.). This important liquid now forms an extensive article of manu- 
facture. It was formerly prepared by the distillation of sulphate of iron or green 
vitriol, from which it received its name of oil of vitriol or vitriolic acid. It was subse- 
quently found that it might be produced by the combustion of sulphur, and the ultim- 
ate further oxidation of tho sulphurous acid, thus obtained, by tho means of nitric acid ; 
and from time to time improvements have been made in the process, until it is now 
almost, perhaps entirely, perfect. 

In the first place tho sulphur is burnt on suitable hearths, and the sulphurous acid 
produced is carried by flues, together with some nitrous and nitric acids, generated 
in the same furnace from a mixture of nitre and sulphuric acid, into tlie largo liadc n 
chambers, into which steam and air are also admittcid ; hero the different gases 
react on each other, and the sulphurous ;u*id I'ccotnes convertoil into sulphuric acid, 
which falls into the dilute sulphuric acid which is placed in the bottom of the cliauibor, 
which thereby becomes stronger, and, when of sufficient strength, is drawn off, and 
concentrated first in leaden vesscl.s, and finally in vessels of jdatinum. 

The place where the sulphur is burnt is a kind of furnace, but instead of the grate, 
tliero is a stone liearth or iron plate, called the sole. Tlie nitre-pot or ])an is of 
cast iron. In it the nitre is decomposed l»y the* sulphuric aeiil. and it is ]>l;iced in the 
burner when required. The leaden elianiber ha.s the form of a }*arall» l()piped, llio 
size varying with the amount of work required to be done. To produce 10 tons of 
oil of vitriol weekly, the chamber shonhl haA'e a capacity 3.'). 000 cubic feet; or a 
length of 187 feet, n breadth of 12?, feet, and a hright of la feet,. Tlie bottom is 
covered to the depth of 3 or 4 inches with water aeidulated with sulplmric aeid. 
These leaden chambers are sometimes divides! into 3 or I eoinpartnunls by leaden 
curtains placed in them, which cause the more perfect mixture ol‘ tlie gases. /’///. 1943 
is a drawing of one thus divided, taken from Pereira’s ‘ Materia Medica.’ 
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a. Steam-boiler. 

b. Section of fomaoe of bunicr. 

d and/. Leaden curtains from the roof of tluf chamlKiT to within {-i.x inches of tho noor. 

e. Le^en curtains rising from the floor to within six inches of tho roof. 

g. Leaden conduit or vent-tube for tlie dischurpe of unconaensible panes. It should communicate 
With a tall ohimnej to carry off these gases, luid to occasion a slight draught through the chamber. 

Thege curtains serve to detain the vapours, and cause them to advance in a gradual 
manner through the chamber, so that generally tlie wliolo of tlie suljiJiurou.s acid is 
converted into sulphuric acid and deposited in the water at the b(>tt(>ni laforc- it 
reaches the dischaige pipes; l»ut as such is lUit alvrays tlie case, tiun; are soinetiines 
smaller chambers, also containing waiter, appended to the larger, from which they 
receive the esc^ing gases before they are allowed to pass out into Ua- air, and tliiis 
prevent loss. These smaller chamliers are seen in fg. 1944 c, d, also taken fruiii 
Pereira’s ‘ Materia Medica.’ 

Another method for preventing this loss was contrived by M. Gay-Lussac, and 
made the subject of a patent in this country by hi.s agent, M. Sautter. It consists in 
cansiiig the waste gas of the vitriol-chamber to ascend through tlie clmnical cascade 
of M. Clement Besonnos, and to encounter there a stream of sulphuric acid of specific 
gravitj I '750. The nitrons acid gas, which is in a well-regulated cliamber always 
slightly redundant, is p^ectly absorbed by the said sulplmric acid ; which, tlius im- 
pregnated, is made to trickle down through another cascade, up through which jirisses 
a current of sulphurous acid, from the combustion of sulphur in a little adjoining 
riiainber. The oondsnsed nitrous acid gas is thereby immediately transformed into 
tdiml gts (hinoiicle of nitrogen), which is transmitted from the second cascade into 
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tho largo vitriol- chamber, anti there exercises its -woll-known reaction upon its aeriform 
contents. Tho economy thus olfoctod in tho sulphuric-acid manufacture is such that 
for 100 parts of sulphur, 3 of nitrate of soda will suffice, instead of 9 or 10 as usually 

consumed. i • 

The Hue or waste-pipe servos to carry on the residual gas, which should contoin 
notliing but tho nitrogen of tho atmosphere, which has been introduced. 

There arc Jit least two plans at present in iiso for burning the sulphur continuously 
in t ho oven. In tho one, the sulphur is laid on tho hearth (or rather on the flat hearth 
in tho separate oven, above described,) and is kindled by a slight fire placed under it ; 
which tire, however, is allowed to go out after the first day, because the oven becomes 
by that time sufficiently heated by the sulphur-flames to carry on the subsequent com- 
bustion. Upon the hearth, an iron tripod is set, supporting, a few inches above it a 



Oil ov Vituiol Maki'i'Actouy. 

a. Sulphur burnoi* or furnace. 

h. First leaden chamber. In the manufactory from whieli the above sketch was made this 
chamber was 70 foot long, 20 feiit wide, and 20 feet high ; but tlie size varies considerably in different 
establishments. 

J Thircf \ ®^^dor leaden cliambers. 

Steam-boiler. 

/. Flue pipe or chimney of the furnace. 

< 7 . Steam-piix!. 

A. The flue or pipe conveying tho rcsidu.al gas from the first to tho second leaden chamber. 

i. ripe conveying the gas, not ab.sorbod in the first and second chamber, into the third. 

k. Flue or waste pipe. 

7. Manhole, by which tho workmen enter the chamber when the process is not going on. 

m. Pipe for withdrawing a small portion of sulphiuric acid from the cluimber, in order to obtain 
Its sp. gr. by the hydrometer. 

liomisplierical cast-iron bowl (basin) cliarged wutli nifro and its decomposing portion 
of strong sulphuric acid. In the other plan, 12 parts of bruised sulphur and 1 of nitre, 
arc mixed in a leaden trough on the iloor with 1 of strong sulphuric acid, and tho 
mixture is shovelled through the sliding iron door upon tho hot hearth. The succes- 
sive charges of sulphur Jire proportioned, of course, to tlie size of the chamber. In one 
of tho largest, which is 120 feet lung, 20 broad, and 10 high, 12cwts. are burned in the 
course of 24 hours, divided into 6 charges, every fourth hour, of 2 cwts. each. In 
eliauibers of one-sixth greater capacity, containing 1,400 meters cube, 1 ton of sulphur 
is burned in 24 hours. This immense production w'us first introduced at Chaunay and 
Diouze, under the management of M. Cleinoiit Uesorraes. The bottom of the chamber 
should be covered at first with a tliiu stratum of sulphuric acid, of sp, gr. 1-07, which 
decomposes hyponitric acid into oxygen and biuoxido of nitrogen ; but not with mere 
water, which would absorb tho hyponitric acid vapours, and withdraw them from their 
sphere of action. Tho crystalline compound, described below, is often formed, and is 
deposited, at low temperatures, in a crust of considerable thickness (from one-hnlf to 
one inch) on the sides of the chamber, so as to render tho process inoperative. A 
circumstance of this kind occurred, in a very striking manner, during winter, in a 
manufacture of oil of vitriol in Russia ; and has sometimes occurred, to a moderate 
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eztenti in Scotland. It is called, at Marseilles, the inaladic des chamlres. It may bo 
certainly prevented, by maintaining the interior of the chamber, by a jet of steam, at 
a temperature of 100° Fahr. When these crystals fall into the dilute acid at the 
bottom, they are decomposed with a violent effervescence, and a hissing gurgling 
noise, somewhat like that of a tun of l)per in brisk fcrnientaiion. 

The introduction of steam is a modern invention, which has vast!}" facilitated am] 
increased the production of oil of vitriol. It serves, by powerful agitation, not only 
to mix tlie di^rent gaseons molecules intimately together, but to impel them against 
each other, and thus bring thorn within the sphere of their mutual chemical attraction. 
This is its mechanical effect. Its chemical agency is still more important. By sup- 
plying moisture at every point of tlio immense included space, it determines the 
formation of hydrous sulphuric acid, from the compound of nitric, byponitric, sul- 
phurous, and dry sulphuric acids. 

Besides the process here described, which is called the coniimious procc.ss, tlu're was 
another formerly adopted, c/illed the intermittent process. This was also carried on 
in large leaden chambers, but instead of a continuous stream of air, as passes into 
the chambers, tlirough the furnace by the continuous ])rocess, the cliamla'rs vere 
opened now and then to introduce fresh atmospheric air. This process is, however, 
now a1>andoned. 

By the continuous method, sulphuric acid ma}" be currently obtained in the chambers, 
of the specific gravity r35, or l'4o at most ; but when stronger, it absorbs and retains 
permanently much nitrous acid gas ; by the intermittent ])rocess, however, it may be 
obtained as dense ns 1*550, or even 1*620; hence where fuel is liiglj priced, as near 
Paris, this metliod recommended itself by" economy in the concentration ot the aciil. 
In Great Britain, and even in most parts of France, Ijowover, where time, workmen’s 
wages, and interest of capiUil, are the paramount considerations, nifiiiufacturers do not 
find it for their interest in general to raise the den.^iity of the acid in the chambers 
ulx>ve 1*400, or at most ToOO ; as the further increase goes on at a retarded rale, 
and its concentration from 1*400 to 1*600, in leaden pans, costs very littli>. 

For many purposes in the arts the acid, as it is taken from I lie leaden chambers, is 
quite strong enough, and is employeil under tlie name of ‘ Cham])i‘r Acid.’ 

At about the specific gnivity of 1*35, in Great Britain, the liquid of the cliamlu rs 
is run off by the syphon above described, into a leaden gutter or sjxiut. wliirli 
discharges it into a series of rectangular vessels made of largo slieets of lead of 12 or 
14 lbs., to the square foot, simply ffilded up at the angles into 8 or 10 incln-s th i p, 
resting upon a grate made of a pretty close row of wrought-iron ItJirs of coiisidi raMc 
strength, under which the fiame of a furnace plays. Where eoals are very eliea]', 
each pan may have a separate fire ; but wdiere they are somewhat dear, the Hume, 
after passing under the lowest pan of the range, which contains the strongest acid (at 
about 1*600), proceeds upwards with a slight slojx* to h(‘at the pans of weakirr acid, 
which, as it concentrates, is gradually run down l»y syjilions to replenish the lower 
pans, in proportion as their aqueous matter is dissipated. The three or four ]»aiis 
constituting the range are placed in a straight line, but each at u differeiit level, 
terrace-like. 

When the acid has thereby acquired the density of 1*C50. or 1*700 at most, it must 
be removed from the leaden evaporators, because when of greater strength it would 
begin to corrode them ; and it is transferred into leaden coolers, or run through a long 
reftigeratoiy worm-pipe, surrounded by cold water. In this slate it is introducid into 
glass or platinum retorts, to undergo a final concentration, up to the s])ecific gravity 
of 1*842, or even occasionally 1*845. When glass retorts art; used, they are set in a 
long sand-bath over a gallei^'-furnacc, resting on fire-tiles, under whicli a powerlul 
flume plays; and as the flue gradmilly ascends from the fire]»lace near to which it is 
most distant from the tiles, to tlie remoter end, the heat acts with tolerable equality 
on the first and last retort in the range. ’When platinum stills are employtKi, they 
are fitted into the inside of cast-iron pots, which j>rotecl the thin bottom and sides of 
the precious metal. The fire lading applied directly to the iron, causes a safe, rapid, 
and economical concentration of the acid. The iron j>ots, witli their platinum 
interior, filled with concentrated boiling-hot oil of vitriol, are lifted out of the fire- 
seat by tackle, and let down into a cistern of cold water, to effect the spt;edy re- 
frigeratton of the acid, and facilitate its transvasion into carboys packed in <#sier 
baskets lined with straw. Sometimes, however, the acid is cooled by running it 
slowly off through a long platinum syphon, surrounded by another pipe filled with 
cold water. Fig. 1946 shows a contrivance for this purjioso. 

^e un^ stopcock a being shut, and the leg h being plunged to nearly the bottom 
of the sti^ the worm if to be filled with concentrated cold acid through the funnel c. 
If that stopooek is now shut, and a opened, the acid w'iil flow out in such quiintity as 
to mefy the small portion of air in the upper part of the pi|)c 5, suificieutly to make 
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when mixed react on each other through the intervention of moisture ; that there 
tlionco resulted a crystalline combination of sulphuric acid, binoxide of nitrogen, and 
water. That this crystalline compound was instantly destroyed by more water, with the 
separation of the sulphuric acid in a liquid state, and the disengagement of binoxide 
of nitrogen ; that this gas re-constituted hypouitric acid at the expense of the atmo- 
spheric oxygon of the leaden chamber, and thus brought matters to their primary 
condition. ]<>om this point, starting again, the particles of sulphur in the sulphurous 
acid, through the agency of water, became fully oxygenated by the hyponitric acid, 
and fell down in heavy drops of sulphuric acid, while the binoxide of nitrogen 
derived from the hyponitric acid, had again recourse to the air for its lost dose of 
oxygen. TJiis beautiful interchange of the oxygenous principle was found to go on, 
ill their expc-riments, till either the sulphurous acid or oxygen in the air was ex- 
hausted. 

They verified this proposition, with regard to what occurs in sulphuric-acid 
chandlers, by mixing in a. crystal globe the three substances, binoxide of nitrogen, 
sulphurous acid, and atmospheric air. The immediate production of red vapours 
indicated the transformation of the liiiioxide into hyponitric acid gas ; and now the 
introduction of a very little water caused the proper reaction^ for opaque vapours 
arose, which deposited white star-formed crystals on the surface of the glass. The 
gases were once more transparent, and colourless ; but another addition of water 
molted these crystals with effervescence, when ruddy vapours appeared. In this 
manner the phenomena were made to alternate, till the oxygen of the included air 
was expended, or all the sulphurous acid was converted into sulphuric. The residual^ 
gases were found to be hyponitric acid gas, and nitrogen without sulphurous acid 
gas ; while unctuous sulphuric acid bedewed the inner surface of the globe. Hence, 
they justly concluded their new theory of the manufacture of oil of vitriol to be 
demonstrated. 

There are some points in the manufacture of sulphuric acid which require attention. 

1st. If the heat in the sulphur-furnace is too high, or when there is not a sufficient 
supply of air, some sulphur sublimes, and is condensed in the chamber, and at last 
falls into the sulphuric acid at the bottom of the chamber. By this means, not only 
is less sulphuric acid produced, but the sulphuric acid, when drawn from the 
chamber, contains some sulphur in suspension : in this case it must be allowed to 
stand, so as to deposit the sulphur, which may be collected, washed, dried, and again 
used. If the sulphur were not removed before concentrating, it would, at the tem- 
perature requisite for evaporation, decompose the sulphuric acid, with the escape of 
sulphurous acid gas, and hence much sulphuric acid would be lost. The reaction that 
would take place is represented by the following equation . 

^^OL. HI. 3 Q 
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2(H0.S0*) + S 

Balphuric add. Bnlphur. 

+ B 


Sulphurous add { 

SSO' 


2nd. If there is not a euificient quantity of steam admitted into the cliamber, the 
solid compound of sulphuric acid and binoxide of nitrogen, above mentioned, would 
be formed on the sides of the chamber, and thus remove the oxidising agent from 
action, and hence a large quantity of sulphurous acid would escape by tiio waste-pipe 

unchanged. 

3rd. A deficiency of nitric acid in the chamber also causes great loss ; the sul- 
phurous acid, as in the former case, escaping unoxidised. 

The first of these three subjects was counteracted by M. Grovelle, who, taking 
advantage of an idea put forth by 2^1. Clement Ih-sormes. constructed a furnace for 
burning the sulphur, so as to have a double current of air. He substituted for t lii! 
sole of the furnace some parallel bars of iron, on wdiicli w'ere placed c;ist-iron pans or 
boxes, bound together, but leaving intervals for the entrance of air between eneli : 
these were filled with sulphur, which \,vas then ignited, and thus a plentiful supply of 
air was constantly kept up. 

The reactions which take place in the sulphurie-acid chamber have recently bi c n 
studied by Mr. H. A. Smith, who concludes, contrary to generally-received opinions, 
that under certain circumstances ;ictioM can take place between dry suljthurons acid 
and nitric-acid ga.ses without the intervention of steam. He ludievc's that tlie IjcsI 
form of chamber should be long and not high, having, in fact, the following dimen- 
sions : length InO feet, width to 30 feet, .and height 10 to 12 ft'i-l. The tempera- 
ture should be kept as nearly as ]»ossible at 200" I'ahr., and in starting tlu* cliandM-r 
he recommends that sulphuric acid should be viva on the bottom in j-rt lVreiico to 
water. See ‘The Chemistry of Sulphuric Acid Manufacture,' by H. A. Smith. 187;!. 

Fuming, or Fordhausen Sidphvrti. Acid. At Nordliaustui and other parts ol‘ Saxony, 
sulpliuric acid continues to bt‘ made upon the e)id 
plan. This consists in first sidjecting std]>h::tt' 
of iron, or green vitriol, to a gentle heat, l y -whicii 
it is deprived of its water of CTyslallisation ; ii 
is then distilled in eartheiiwaro, tidmlar, orpt ai- 
shaped retorts, of W’hicli a larce numb(.'r are jilaced 
in a gallery-furnace. Fig. lOlG shows the fireplace ; 
a h h, chamber on each side of llie firt }>lacc, for 
depriving the green vitroi, cc, of ii.s valer. 

To these retorts are ada]»!ed earilicnwaro r - 
c*eivers. into which some ordinary sul]t!iuric acid 
is previously placed, to condtuist' all tin* auiiydrous 
sulphuric acid w'hich comes over. 'J’he lieat is 
raised gradually, and at last the retorts are subjected to an inteii.se heat, wliicli is ki ]n 
up for several hours. 

Some sulphurous acid gas escapees, arising from tlie decomposition of some of the 
sulphuric acid of the sulpliate by the oxide of iron, and nothing remains in ilie retorts 
but sesquioxide of iron. 

Anhydrous Sulphuric Acid, or Sulphuric Anhydride. This i.s most easily obtained by 
subjecting the Nordhausen sulphuric acid to a gentle heat in a glass reto? t, to 
is adapted a dry receiver placed in ice. White fumes of anhydrous suljdiuric acid 
come over and are condensed in tlie receiver. Care must be taken to avoid water 
coming into contact with it, as it unites with it with some violence. 

It is best to have a receiver which can be hermetically sealed as soou as the opera- 
tion is completed. 



Properties of the dijferent Sulphuric Acids. 

Anhydrous Sulphuric Acid, or Sulphuric Anhydride. (SO’.) This is a white cry- 
stalline body, very much resembling asbestos in appearance. Exposed to the air, 
some of it absorbs mmsture, and the rest fiies off in white fumes. Dropped into water 
it prodnses a hissing noise, just like red-hot iron, and in large quantities causes ex- 
ploidoa. It melts at 66 Fahr., and boils at about 120° Fahr. The sp. gr. of the 
liqmd, at 78® Fishr,, is 1*97 (Pereira), and that of its vapour 3-0 (Miischerlich). It 
does net present add properties unless moisture be present. 

Nor d ki u se n Sulphuric ^id, H0.80*,S0‘ (**»0*»0*). This is an oily liquid, goue- 
nllyof a brown colour (from some orranic matter), which gives off white fumes of 
anhydrous sulphuric acid when ex}>osod to the air. Its sp. gr. is about 1*9. It 
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imported in stoneware bottles, having a stonew'are screw for a stopper. It is probably 
only a solution of anhydrous sulphuric acid in ordinary oil of vitriol, as, after being 
subjected to a gentle heat, nothing remains but the latter. It often contains several 
impurities. It is j)riucipiLlly used for dissolving indigo, which it does completely 
without destroying the colour. 

Ordinary Sulphuric Acid, or Oil of Vitriol. HO.SO^ (H^SO^). Sp. gr. 1*845. This is, 
when pure, a colourless, transparent, highly acrid, and most powerfully corrosive 
liquid. It is a very strong mineral acid, one drop being sufficient to communicate the 
power of reddening litmus- paper to a gallon of water, and produces an ulcer if placed 
upon the skin. It (ihars most organic substances. This depends upon its attraction 
for water, which is so great that, when exposed in an open saucer, it imbibes one-third 
of its weight from the atmosph(‘ro in twenty-four hours, and fully six times its 
w’oight in a few months. Uence it should be kept excluded from the air. If four 
parts, by weight, of the strongest acid bo suddenly mixed with one part of water, 
both being at 50° luihr., the temperature will rise to 800° Fahr. ; while, on the other 
hand, if four parts of ice be mixed with one of sulphuric acid, they immediately liquefy 
and sink the thermometer to 4° below zero. In thi,s last case the heat, that would 
otherwise have been given off, has been employed in liquefying the ico. Upon the 
mixing the acid and water they both suffer condensation, the dilute acid, thus formed, 
occupying less space than the tw'o separately, and hence the evolution of heat. This 
affinity for water, which sulphuric acid possesses, is often made use of for evaporating 
liquids at a low temperature. The liquid is placed in a, dish over another dish con- 
taining sulphuric acid, and both are placed under the receiver of an air-pump, 
^uoh is the rapidity "with which the evaporation is carried on, that if a small vessel 
of water be so placed it will speedily bo frozen. Sulphuric acid is decomposed by several 
.sul.)stances when boiled with them : such are most organic substances, sulphur, phos- 
phorus, and several of the metals, as mercury, copper, tin, &c. 

Sulphuric acid of sp. gr. l*84o, boils at about 620° Fahr., and may bo distilled 
unchanged. This is the best way to obtain it pure. It is a most powerful poi.son. 
If swallowed iu its concentrated state, oven a small quantity, it acts so powerfully on 
the throat and stomach as to cause intolerable agony and speedy death. Watery 
diluents, mixed with chalk or magnesia, are the readiest antidotes. 

Ordinary oil of vitriol generally contains some sulphate of load, which will bo 
precipitated, us a white powder by dilution with water; since so much of it is made 
from iron pyrites at the present day, it contains arsenic in variable quantities. The 
best test for sulphuric acid, either free or combined, as soluble salts, is a salt of 
barium. An extremely small quantity of .snlpluiric acid, or a soluble salt of it, is 
thus easily detected by the greyish-w'hito cloud of sulphate of baryta w’hich it 
occasions in the solution. 100 parts of the concentrated acid are neutralised by 143 
part s of dry pure carbonate of potash, and by 110 of dry pure carbonate of soda. 

The presence of saline impurities in sulphuric acid may be determined by evapo- 
rating a certain quantity to dryness in a platinum capsule. If more than 2 grains of 
residue remain out of 500 of acid it may bo considered impure. 

Of all the acids, the sulphuric i.s most extensively used in the arts, and is, in fact, 
tlio primary agent for obtaining almost all the others, by disengaging them from their 
saline combinations. In this way nitric, hydrochloric, tartaric, acetic, and many 
other acids, are procured. It is employed in the direct formation of alum, of the 
sulphates of copper, zinc, potassa, soda ; in that of sulphuric ether, of sugar by the 
saccharification of starch, and in the preparation of phosphorus, &c. It serves also 
for opening the pores of skins in tjinning, for clearing the surfaces of metals, for 
determining the nature of several salts by the acid characters that are disengaged, &c. 

The Table on next page, which shows the quantity of concentrated and dry sulphuric 
acid in 100 parts of dilute, at different densities, was constructed by Dr. Ure. 

SVXiPBirROirS ACZB. (SO*.) Sulphurfumigations are mentioned by Homer, 
but sulphurous acid, of w'hich those are composed, was first accurately examined by 
Stahl, Scheele, and Priestley, and afterwards by Gay-Lussac and Berzelius. 

It escapes from the earth, in tlie gaseous form, in the vicinity of volcanoes, but is 
always prepared artificially when required for use, and for this purpose several pro- 
cesses are employed. 

1. By heating copper-cuttings, or mercury, with concentrated sulphuric acid in a 
glass flask, sulphate of copper, or persulphate of mercuiy, and sulphurous acid are 
formed : 


Cu 

+ 2(HO.SO») 

= CuO.SO» + 

SO"- + 

2HO. 

Coi^ptT. 

Sulphuric uoitl. 

Sulphate of copper. 

SnlphurouB acid* 

Water. 

Cu 

+ ZR^SO^ 

= CuSO* + 

80> + 

ZK<0« 



964 


SULPHUROUS ACID 


Liquid 

Sp. grav. 

Dry 

Liquid 

Sp. gniT. 

Dry 

Liquid 

Sp prnT. 

Dry 

100 

1*8460 

81*44 

66 

1*5503 

53*82 

1 32 

1*2334 

26-09 

99 

1*8438 

80-72 

65 

1-6390 

53-00 

31 

1-22G0 

25-28 

98 

1*8416 

79*90 

64 

1*5280 

52-18 

! 30 

1*2184 

24-46 

97 

1*8391 

79*99 

63 

1-5170 

51*37 

1 29 

1-2108 

23-65 

96 

1*8366 

78*28 

62 

1*5066 

50-55 

j 28 

1*2032 

22-83 

95 

1*8340 

77*46 

61 

1*4960 

49*74 

i 27 

1*1956 

2201 

94 

1-8288 

76*66 

60 

1*4860 

48*92 

26 

1-1876 

21*20 

93 

1*8236 

75-83 

59 

1*4760 

48-11 

1 25 

1-1792 

20*38 

92 

1*8181 

72*02 

58 

1-4660 

47*29 

24 

1-1706 

19*57 

91 

1*8126 

74-20 

57 

1-4560 

46-48 

1 23 

1*1626 

18*75 

90 

1-8070 

73*39 

56 

1-4460 

45-66 

1 22 

3-1549 

17*94 

89 

1*7986 

72*57 

55 

1*4360 

44*85 

1 21 

1-1480 

17*12 

88 

1*7901 

71*75 

51 

1*4365 

44*03 

1 20 

1*1410 

16-31 

87 

1*7815 

70*94 

53 

1*4170 

43-22 

19 

11330 

15-40 

86 

1*7728 

70-12 . 


1*4073 

42*40 

^ 18 

1*1246 

H-68 

85 

1*7640 

69*31 1 

51 

1*3977 

41-58 

. 17 

1*1165 

13-86 

84 

1*7540 i 

1 68-49 

50 1 

1 3884 

40-77 j 

16 i 

i 1*1090 

13-05 

83 

1*7425 

1 67*68 j 

49 ! 

1*3788 

39-95 i 

' 15 

! 1*1019 

12-13 

82 

1*7315 

66-86 1 

48 i 

1-3697 

39-14 i 

14 

1*0953 

11-41 

81 

1*7200 

66-05 

47 ; 

1-3612 

38-32 • 

13 

1*0887 

1060 

80 

1 7080 

65-23 

46 i 

1 -3530 

37‘51 

12 

1*0809 

9-78 

79 

1*6972 

64-42 

45 

1-3440 

36-69 j 

) 11 

1 0743 

8-97 

78 

1*6860 

63-60 

44 

1*3345 

35-88 ! 

30 

1*0682 

8-15 

77 

1*6744 

62-78 

4 3 

1-3255 j 

35*06 ’ 

9 

1*0614 

7 34 

76 

1*6624 

61 97 

42 ! 

1-3165 I 

34-25 j 

; h 

1*0544 

6-22 

76 

1*6500 

6115 

41 j 

1-3080 i 

33*43 1 

7 

1*0477 

5-71 


1-6415 

60-34 1 

40 1 

1-2999 : 

32-61 I 

' 6 

l-04f)5 

1 4-89 

! 73 

1*6321 i 

59-52 1 

3‘» : 

1*2913 ; 

31-80 1 

5 

1 *0336 

1 4-08 

1 72 i 

1*6204 

58-71 ' 

38 ' 

1*2826 j 

30-98 

4 

1 *0268 

3-26 

' 71 1 

1*6090 

57*89 

37 

1*2740 

30-17 

3 

1-0206 

2-440 

1 70 

1-5975 

57*08 

36 

1-2654 

29-35 

2 

1-0140 

1 *63 

1 09 

1-5868 

56 25 

35 ; 

1*2572 1 

28-54 ‘ 

1 

1-0074 

0-1581 , 

; 68 ! 

1-57GO 

55*45 

34 , 

1*2490 ’ 

27-72 



1 

; ^ 

1-5648 1 

54-63 

33 ! 

1-2409 i 

26-91 ; 


1 

1 


The sulphurous acid is passed through a wash -bottle, to remove auy trac** of sulphuric 
acid which may come over, and then through a tube containing cliloride of calcium, 
if the gas be wanted dry ; it may then be collected over mercury in the pneumatic 
trough, or b}* displacement of air ; it cannot be collected over watt r, owing to its great 
solubility in that liquid. 

2. By heating charcoal, or almost any organic substance, with concentrated sul- 
phuric add in the same apparatus as above; but in this case the sulphurous acid is 
contaminated with a large quantity of carbonic ficid, which, however, does not inter- 
fere with it in many cases, as when employed in the manufacture of alkaline sul- 
phites : 

C + 2(HO.SO>) = CO- + 2SO- + 2110. 


Charcoal. 


Siilphiirio ocifl. Carbonic acid. isnlphuroup acid. 




O + 2^mrBO* = CO- + ZSO'^ + 2K-0. 


3. By the combustion of sulphur or iron pyrites in oxygen gas or in atmospheric 
air, and this is the process most generally employed on the large scale, as in the 
manoiactiire of aolphuric add. «See Sulphuric Acid. 

S -r o- = SO*. 

Sulphur. Oxygen. Sulpliurou.s acid. 

PropertUi. At ordinary temperatures and atmospheric pressure sulphurous acid is 
a colourlsM, transparent gas, possessing the disagreeable odour so well known to those 
who have burnt a anlphur-match. It is neither combustible, nor a supporter of com- 
bi^ion, and is always the product obtained by burning sulphur in air. It is a weak 
<^d, a^ is Twy soluble in water, that liquid at 60° Fahr. dissolving more than thirty 
tames its volume of the gas ; the solution of sulphurous acid, thus obtained, bleaches 
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some vegetable colours, as well as the gas itself, viz. those of roses and violets, &c., 
but in most cases the colours may be restored by treating with a weak acid or alkali. 
It cannot be respired in the pure state, as it immediately causes spasm of the glottis ; 
but if diluted with air and then breathed, it acts as a local irritant, exciting cough, 
pain, and a sense of dryness of the mouth and throat. Its sp. gr. is 2*2 ; 100 cubic 
inches weighing 68*69 grains. Its solution in water may be kept any time without 
change, as long as air is excluded, but when air gains access to it, it is gradually con- 
verted into sulphuric acid. 

SirXiPBIIltSi Impressions taken by the goldsmiths of the sixteenth century from 
tile engravings executed on plate, paxes, &c., and which they obtained by spreading 
a layer of melted sulphur on the face of the plate, producing a cast in relief of the 
lines engraved. Some few of these riroofs exist in the British and ContinenUil 
Museums, and are known as sulphirs. They are .amongst the rarest specimens con- 
nected with the art of engraving. 

SUXPBniiOMlSTBT. The determination of sulphur. 

SVMACB, or SSmCACB. A species of the genus Bh/s, used in tanning. It 
is known also as mmac and i^hnmac. It consists of the ground-leaves, foot-stalks, 
and young twigs of several varieties of plants, technically known as sumacs, but 
botanical ly belonging to tlie genus Bhiis of the Natural Order Anacardiacem. The 
sunuu; of commerce is chiefly obbiined from the Rhus Coriaria, in the following 
manner : — A short time bel'oro the blooming of the plant in June or July, the 
younger twigs are cut off, dried in the sun, next beaten, so' as to debich the leaves and 
llower panicles, w’hich arc next coarsely ground up by moans of millstones. The 
shrub just named is a native of Asia, but is cultivated in many parts of Europe, more 
especially in Sicily, Spain, Southern France, and Hungary. Sumac is also prepared 
from the Rhus Cotinus, 

In the South of Franco a peculiar kind of sumac is prepared, and known locally as 
redout or redou. It is derived from the Coriaria myrtifolia, or tanuer’s-herb, which 
contiiins a violently poisonous substance. 

The leaves of the Arbutus Uva~ursi, better knowm in pharmacy than in technology, 
are used as sumac in Balecarlia, Sweden. 

The following are the chief varieties of sumac known in the trade : — 

Sicilian Sumac. — The most esteemed article, fetching alw'ays a high price, 

Spanish Sumacs. — Exported from Malaga, Priego or Moliua, Valladolid. 

Vortuguese Sumacs. — From Oporto. 

Italian Sumacs. 

French Sumacs. 

The articles are classified here according to their amount of tannin^ 


Imports in 1876. 



Ton,'^ 

Value 

£ 

'roni Italy .... 

. 11,800 

183,037 

ATistrian Territories . 

. 1,304 

16,017 

,, Other countries 

. . G72 

9,327 

Total . • 

. 13,782 

208,381 


SVXrFlbOWBB OXXi. See Oils. 

SUPTN consists of the fibre of the Croiolaria jimcea, a totally different plant from 
the Cannabis saliva, from which hemp is obtained, Sunn is grown in various places 
of HindosLan. The strongest, whitest, and most durable species is produced at 
Comercolly. It is also knowm as Bengal Hemp. 

SlTStr STOXf £• A variety of felspar, of a pale yellowish colour, found in Siberia. 
It is almost perfectly transparent when viewed in one direction; but by reflected 
light it appears full of minute golden spangles. See Felspar. 

SVPBBPBOSPKATXS, properly superphosphate of lime, much used as a manure. 
See Phosphates, and Manure. 

SVSSBZ MABBU. Thin bands of shelly limestone, occurring here and there 
ill the Weald Clay, especially in the upper part. This limestone is principally com- 
posed of the remains of freshwater snails, a species of Paludina, and it has been 
named Sussex marble, in consequence of its great development in that county. 
Although the stone is not remarkable for any particular beauty of colour, being 
generally of a uniform bluish or greyish-green tint, the sections of the chambers of 
the shells give it, when polished, a pleasing appearance, and it has, in consequence, 
been frequently made use of in former times in the construction of tombs and sepolchral 
monuments in many of our older churches. — H. W. B, 

®^AOBSi Tools employed in shaping metals. 
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MWALlEMWt SSOmunrT {Hirundo csculcnia). These birde construct the 
edible nests which f(»nn so considerable a part of Chinese commerce. It is the Larvet 
of the Japanese, the Salangana of some writers on the Eastern Archipelago. The 
nests are made of a particular species of sea-weed (see Alg^), which tlie bird 
macerates and bruises before it employs the material in layers, so as to form tlio 
whitish gelatinous cup-shaped nests so much prized ns delicacies by the Chinese. 

•VAjrS*«]K>WW« There is a production of 600,000 puffs made annually from 
about 7,000 swans’-down skins, imported into Britain. 

any MMw.w A WMfg jg person who extracts from the sweepings, potsherds, 
&c. of refineries of silver and gold, the small residuum of precious metal. 

8 W BBTSUATB. Ajiy article prepared chiefly with sugar is so called. A con- 
siderable number are described under Confectioneby. 

8TCAKOSX> The wood of the Aar psmdo-plntam(f. 

snorzTB is a crystalline rock, consisting of orthoclase-felspar and hornblenile : 
but the term is also frequently applied to a mixture of hornblende, orthoclaso, an I 
quartz. It takes its name from the city of Svene. in the Thebaid, near the Cataracts 
of the Nile, but the rock there is not a true syenite. It is an excellent building-sto7i(', 
and was imported from Eg^’pt, by the Romans, for the architectural and sbit.ua rv 
decorations of their capital. Hornblende is the characteristic ingredient, and serves 
to distinguish syenite from granite, with wliich it has been sometimes confounded. 
The Eigyptian Syenite, containing but little hornblende, vnili a good deal of quartz 
and mica, approaches most nearly to granite. It is equally ractallifi*rous ^vith porphyry. 
In the island of Ct’prus. it is rich in copper ; and in Hiingar}’. it contains many valiiabh^ 
gold and silver mines. Syenite forms a considerable part of ihe t riffle, a hill i;i 
Galloway. The so-called ‘ granites ’ of Leicestershire more nearly approach syenites. 
A careful study of the rocks of the Grooby. IMarkhnm. and Ilardon Hill quarries, will 
show a gradual change of the granitic rock, through syenite, into.a greenstone -por}>hyrv. 
This stone is extensively used in the metropolis and other l;ir:'c towns for ‘ pitching ’ 
and paving. Much of the ‘ granite' of the Channel Islands, used in the metropolis 
for road-metal, is a syenite, or at least hornblendic or syeiiitic granite. 

STXi V AM XTS« or Graphic TeVurium. A valuable ore of gold and silver, 
found at Offenbanya in I’ransylvania, in narrow veins traversing porphyry, an I 
at Gold Hill, North Carolina. Its analysis byl’etz gave ; silver. 11 '47 ; gold, 21*07 ; 
tellurium, 39'97 ; lead, 0*26; copper. 076; antimony, 0 68 = total. loO'OO. 

STliVZMB. Chloride of j'otas.Gum : a iriinerai formerly of great r.irily, but 
found of late years in abundance among the de}K>sits of j'Oiash-salts, overlying i he 
rock-salt of Stassfurt in Prussian JSuxony. and at Kalusez in Giilicia. Sylvim' is an 
important source of other salt s of potassium. 

STMBOliS. Signs adopted by chemi.sts to Indicate the sinit'b' eletiienls, or the 
combinations of them, forming a compound body. .'symbol ie l.anguage has been 
universally adopted by eheniist!-, and tin- l;ieilitie> it ofll-rs very strongly recommend 
it. The symbols H. 0, .S, C. stand respectively for hydrogen, oxygen, sulphur, and 
carbon ; each elementiiry sub.sUince being r« pres enu-d l-y the initial letter of its Latin 
name. When tbe initial letter of any tvo elements are similar, as. for examj'le, 
carbon, chlorine, and calcium — the flr.st and third, or .st;ci>nd letters of the name an- 
taken, a3 Cl (Chlorine), Ca (Calcium). iSee Atomic Weights, for the syrnbr>ls of all 
the known elements. 

These symbols not only represent the element, but the relative quantities of it 
which enters into combination. This is, of course, an arbitrary, though convenient 
amogmnent. The letters HO, for example, reprosent, not merely hytlrogen ami 
oxygen, but 1 part of hydrogen and 8 parts of oxygen, which in comlunation ri'- 
presents water. A figure placed on either of the right-iiand corners of the symbol tor 
any element indicates the number of atoms which enter into the eomliination spoken 
of, as HO* represents 2 atoms of oxygen combined with 1 atom of hydrogen — pei oxido 
of hydrogen. A figfure placed on the left hand doubles all that follows it up to tlie 
addition sign •for bracketed symbols: 2HO represents 2 atoms of water; KO, 
kalmm or potassium and oxygen = potash ; SO*, sulphur and oxygen = sulphurouH 
acid ; KO,SO* represents sulphate of potash, but KO,2SO* indicates i/Gsulpbatc of 
potash. 

A oombination of symbols representing a compound body constitutes a formula. 

8YWn8l8 is a Ghraek word, which si^ifies * combination,’ and is applied to the 
dumtcal action which unites dissimilar bodies into a uniform compound : us sulphuric 
ac id and lime into gypsnm ; or chlorine and sodium into culinary salt. 

8VMR8 is a solution of sugar and water. Cane-juice, concentrated to a density 
of 1*300, fbms a syrup which does not ferment in the trausyKirt home from the 
West Indies, and may be boiled ac<i refined at one step into superior sugar-loaves. 
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TABABBBSft- A silicpous concoction resembling hydrophaue, which is formed 
in tJie interior of the stem of the large Indian bamboo. 

TABBZIVET. A delicate kind of tabby or watered silk, produced by passing the 
silk through engraved rolls. 

TABBT. Watered silk; the effect being produced by subjecting the silk when 
damp to pressure. 

TABBTZMTG, or Watering, is tho process of giving stuffs a wavy appcaninco by a 
peculiar manipulation wnth the calender. 

TABXTEAB SPAR. A silicate of lime, known otherwiso as WoUastonitr. 

TACA1MCABAC is a rosin obtained from the Fagara octandra, a tree wliich 
grows in Mexico and the West Indies. It occurs in yellowish pieces, of a strong 
smell, and a bitterish aromatic taste. 

TA7FBTT is a light silk fabric, with a considerable lustre or gloss. 

TABC is a mineral of which several varieties are recognised, as : — 

Foliated Talc. This, the purest, crystalline talc, composed of easily separable f()li;i, 
presenting light green, greenish-white, and white colours. This is often found massive, 
disseminated in plates, imitative, or crystallised in small six-sided tables. It is 
splendent, pearly, or semi-metallio. tr.anslneent, flexible, but not elastic. It yields to 
the nail ; spec. grav. 2‘77. Before tJio blowpipe, it first wliitens, and then fuses into 
an enamel globule. It consists of — silica, 62; magnesia, 27 ; alumina, 1‘5; oxide of 
iron, ;j*o ; water, 6. Klaproth found 21 per cent, of potash in it. It is found in 
beds of clfiy-slate and mica-slate, in Abenieenshire, Baoftsbiro, Perthshire, Salzburg, 
tlu'. Tyrol, and St. Gothard. 

The subst'ince used in sheets a.s a cover for gas-jet^, although often called talc, is 
really miwt, 

Talcosc Slate. A slaty rock of a greenish. -grey colour ; it is massive, with tabular 
fragments, translucent on the edges, soft with a white streak; easily cut or broken, 
but is not flexible ; and has a greasy feel. It wears in the same localities as the 
preceding. It is employed in the crayon-manufactures ; also as a crayon itself, by 
carpenters, tailors, and glaziers. 

Indurated Talc. An impure slaty talc, wdtli a nearly compact texture and of superior 
hardness to common talc. 

Soapstone or Steatite (SpeeJestein, Gcr.) ; coarse grey and greyish-green massive 
varieties, generally granular ; also of fine texture. The Potstonc, or Lapis oUaris, 
includes tlie coarser granular specimens, of dark colour and more or less impure. 
Slabs of steatite are extensively used as fire-stones. It is often turned into ornamental 
ri nicies. Wlien ground it is used to diminish friction, and it was employed in the 
manufacture of some kinds of porcelain. Venetian talc is used for removing stains 
from woollen cloth. Tho fine varioties of talc, whpn coloured with tho safflo'wer, form 
a rouge for the toilet. See ^ti-iatite. 

TAXiXiOW {Suif, Fr. ; Talg, Ger.), is the concrete fat of quadrupeds and man. 
That of the ox consists of 76 parts of stoarino and 24 of oleine ; that of the sheep 
Contains somewdiat more steariue. See Fat and Stearini;. 

Ox-t'illow w’as alone used formerly, and our great supply -was from Bussia. Aus- 
tralia now, and America too, hovn-ver, export to Europe a large quantity of mutton- 
tallow. 

The drier tho food upon which animals are fed the more solid is tho tallow ; hence 
the Bus.sian tallow is the best, the animals being fed for eight months of the year on 
dry fodder. 

In the animal the tallow exists in separate globules, and tho object of melting it 
out is to combine all these into one mass. The rendering of tallow, as it is termed, 
consists in cutting the fat into small pieces, and placing it in a pan over a naked fire. 
Tlie heat is regulated, and the iir.«t action is tlio bursting of the cells ; these pour out 
their milky contents, which become clear gradually, as the w’ater W'hich it contains is 
evaporated. 

Mecliaiiical power is sometimes applied to aid in the rendering. The fat is placed 
iintler a millstone working on edge, and thus tho cells are torn and crushed, and when 
this is once effected, tho tallow separates witli great ease at a moderate temperature. 
Dorrul t employed weak sulphuric acid to act upon the tfillow, by mixing this acid with 
boiling water, and retaining it after tlie fat has been placed within it, until the 
separation of the fatty matter is completed. Some admit steam to the melting mass, 
by wdiicli a larger quantity of tallow appears to be obtained. Tallow is geneiallj 
60 impure, that ii lias to be clarified by the candle-maker. This is e&ted by 
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remelting the tallow, and mixing with it .some substances which render insoluble the 
^latinoos matters, and precipitate the adventitious admixtures. See Candles and 


Tallow and Stearine Imported in 1874 

From Eussia 
„ Argentine Kepublie 
„ United States 
„ Australia 
,, Other countries . 

Total 


Cwts. 

£ 

81,704 

Value of 183,183 

171,696 

„ 335,669 

440,421 

894,862 

282,293 

„ 535,101 

178,685 

„ 369,436 

1,164,799 

2,318,261 


TA&&OW, MZSrBRA&. See Hatchettine. 

TAJM>Vr, PnST. See Oils 

TA&MZ M&D. An .alloy known also as ‘ Ab 3 'ssinian gold ; ’ it is much used 
for making imitation jeweller 3 ^ Dr. C. Winkler say^s ; ‘ The alloy is not galvanically 
gilt, but is plated, that is to say, a very thin sheet of gold is made to adhere to a 
yellow metal (in 100 parts — copper, 90-74 ; zinc, 8-33) by rolling the metals together 
and afterwards shaping, moulding, and chiselling it by means of steel tools, the amount 
of gold varying from 103 to 0 03 per cent.* Articles made of this alloy are said to 
wear really well. See Abyssinian Gold. 

TAMBAC. See Tombac. 

TAB^nrO is a term used by miners to express the filling up of the hole which 
they have bored in a rock, after the gunpowder for blasting has been placed in the 
bottom of the hole, with sand, the dihris of the rock, or other matters, TJiis, being 
beaten hard together, presents nearly as much resistance to the mechanical force of 
the powder, when exploded, as the rock itself. See Mining. 

TAJTGXiS. Laminaria digitaia. See Algm, 

TABVBmTB. An ore of bismuth. See Bismuth. 

TAmnBTi or TAJnrZC ACZB. {TanniUy Fr. ; Gertstoff^ Gcr.; Under the 
name tannin were formerly included all those astringent principles which were 
capable of combining with the skins of animals to form leather, of precipitating gela- 
tine or of forming bluish-black precipitates with the persalts of iron, and of yielding 
nearly insoluble compounds with some of the organic alkalis. But it lias of late 
years been proved that there are several difiTerent kinds of tfinnic acid, most of whicli 
possess an acid reaction. 

These principles are widely diffused in the vegefeiblo kingdom ; most of our fbrt'st 
trees, as the oak, elm, pines, firs ; pear and plum trees contain it in variable quantities. 
It is also found in some fruits. Many shrubs, as the Bumacli and whortleberry, 
also contain it in great quantities, and on that account are largely used in dyeing 
and tanning. The roots of the tormentilla and bistort are also powerfully astrin- 
gent from containing it. Coffee and tea also contain a modification of this principli'. 
The astringent principle in all the above mentioned (except collide) preei})itatu tliu 
persalts of iron bluish-black, or if a free acid be present the .‘Solution becomes 
dark green. The astringent principle of many vegetables j»reL-ipitato the pers.ills 
of iron of a dark green; such are catechu, kino, &c. Some few plants contain 
another modification of this astringent principle, which preeijutates the persalts ul‘ 
iron of a grey colour, such are rhatan 3 % the common nettle, &c. 

Many of these tannic acids have received names which refer to the plants fj tnu 
which they are obtained. The most important and best known r)f all these is 
the gallo^tannic acid, or that which is extracted from gall-nuts. *J’here are also 
qxtcrci-tannic acid, from the oak ; moritannic acid, or that from the fustiit 
tinctorid), &c. See Leather. 

The Table on the next page shows the quantity of extractive matter and uin in 100 
parts of the several substances there named. 

TAMinVCk {Tanner, Fr. ; Gdrberei, Ger.) This is Ibe name given to the process 
employed for converting the skins of animals into leather, and is strictly a chemical 
process, consisting in the combination of the tannic acid of the difiTerent tanning 
materials with the gelatine of the skins. 

ICany attempts have been made to quicken the tanning process, but the leather so 
iorme d is ge nerally of inferior quality and less durable. »See Leather. 

VABTBTf Tanacetumvidgare, A plant common to Britain, growing in waste places ; 
SometimeB placed in beds to drive ffeas from them. It is very bitter, and has an aro- 

matae odour. 

VJURJL&IIM* This is an exceedingly rare substance, found in the minerals 
t mta H t e and ytiro^tantaUte. It was discorered by Mr. Hatchett, in a mineral 
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Substances 

P 

£> 

o 

oo 

a 

HH 

P 

'Ip 

e ^ 

Hi 

In 100 parts, 
by Cadet de 
Gassinconrt 

Substances 

E- 

S 

©' 

$ 

a 

In about 8 oz., 
by Biggins 

l-H ‘-r' 

White inner bark of old oak 


72 


21 

Bark of cherry-tree , 


52 

24 

Do. voung oak 

. 

77 



Do. sallow .... 


52 


Do. Spanish chestnut , 



30 


Do. poplar .... 


7« 


Do. Leicester willow . 

, 

7i) 



Du. hazel .... 


72 


Coloured or middle bark of 




Do. ash 


82 


oak .... 


12 



1 Do. trunk of Span, chestnut 


28 


Do. Spanish chestnut . 


14 

.. 


Do. smooth oak . 


104 


Do. Leicester willow . 


1« 

.. 


Do. oak, cut in spring . 


108 


Entire bark of oak . 


22 



Root of tonnentil . 

.. 


4(; 

Do. Spanish chestnut . 


21 



Coriius sanguiiica of Canada . 



44 

Do. Leicester ivillow . 


1 3:5 

102 


Bark of alder .... 




Do. elm .... 


i:; 

2S 


Do. apricot .... 



32 

Do. common willow 


ILhonghs, 31 


Do. pomegranate . 



32 

Sicilian sumiich 


7« 

158 

•• i 

Do. Cornish cherry-tree 

r 


12 

Malaga sumach . t 


72 


•• i 

Do. w^eeping willow 



i 

SoucBong tea . 


4S 


1 

Do. Bohemian olive 

'* 


: 14 

(I vcoii tea 


41 


1 

Do. tan shrub with myrtle- 



1 

liomhay catccliu . 


2f>] 


. . ' 

leaves .... 



! 13 

Bengal catechu . . 


231 



Do. Virginian sumach . . 1 



' ]l> 

Nut-galls 


127 


I 40 j' 

Do. grecti oak . . . [ 



10 

Bark of oak, cut in winter 



0 


Do. service-tree . . . ■ 



K 

Do. beech 



31 


Do. rose chestnut of America 1 


1 

8 

Do. elder 



41 


Do. rose chestnut . . . j 

. .i 


0 

Do. plum-tree 



oH 


Do. rose chestnut of Caro- ! 




Bark of the tnink. of willow 



02 

!*. 

lina 1 



fi 

Do. sycamore 



53 

io 1' 

Do. sumach of Carolina 



5 

Bark of birch . 



54 



J 




brouglit from North America, and he called it, ou that account, Colit nihkmi, Ekeborg 
discovered it in 1803 in the Swedish minerals, and, considering it a 7icw metal, he called 
it Tantalum. Dr. Wollaston, in 1809, sought to show that Hatchett’s columJbiitm and 
Ekeberg’s tantalum were one and the same substance ; but H. Kose afterwards proveil 
that they were distinct, and gave the name of Niobium to the former columbium. 

Tantalum has not yet been applied to any commercial purpose. 

TAP-eZNDBR. Puddling-furnace slag. This is a basic silicate of iron. Its 
general composition may be seen from the following analysis of tap-cinder from a 
StafiTordshiro furnace, by Dr. Percy : silica 23-86, protoxide of iron 39*83, peroxide of 
iron 23*7 b, protoxide of manganese 6*17, alumina 0-91, lime 0*28, sulplnde of iron 
0 62, phosphoric acid 6*42. See Iron and Siag, 

TjBLP-HOXiB. The hole in a puddling furnace, through which the slag flows out. 

TXLPl&BTRT is an omamenUil figured textile fabric of w-orsted or silk, for lining 
the wmlls of apartments ; of which the most famous is that of the Gobelins Royal 
Manufactory, near Paris. See Carpets, Lace, Textile Fabrics, and Weaving. 

TAPZOCA. {Manioc and Cij^ifa, Fr. ; H eme &ago, Gor.) Tapioca is cassava- 
meal, which, while moist or damp, has been heated, for the purpose of dicing it, on 
liot plates. By this treatment the starch-grains swell, many of them hurst, and the 
whole agglomerates in small irregular masses or lumps. The drying to which it is 
subjected renders it difficult of solution. In boiling water it swells up, and forms 
a viscous jelly-like mass. See Starch. 

TikQUA ar U lP. The vegetable ivory of commerce. See Ivory, Vegetable. 

TAR, COAX. This substance, when properly distilled, is capable of yielding 
naphtha, a fixed oil, and pitch, the two former of which are vastly more valuable than 
tar. Tlie relative proportion of these products is, however, very variable, according 
t() the kind and quality of the tar employed. Thus tar from the condenser is more 
valuable for its products than the tar of the same coal taken from the hydraulic main, 
and ag-ain cannel coal-tar is always superior to common coal-tar. In general we may 
estimate the available amount of the volatile and fixed matters of coal somewhat in 
the following order : — 

Common coal-tar 
Ordinary cannel tar 
Boghead catinel tar 


Naphtha 

Dead oil 

Bitch 

3 

62 

85 

9 

60 

31 

15 

67 

16 


Of these the naphtha is in large demand for the solution of caoutchouc, the liffhtiiiw 
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of lamps^ and other purposes. Thu dead oil contains paraffine, and is an excellent 
lubricator for machinery : the uses of pitch need not be enumerated. 8ee ANiLixn, 
Gas-Coal, DESTRrcnvB Distillation, Naphtha, and Petroleum. 

TAX, WOOB {Qoudron, Fr. ; The&r^ Ger.), is the viscid, brown -black, resino- 
oleaginous compound, obtained by distilling wood in close vessels, or in ovens of 
a peculiar construction. Btockholm tar. Archangel iar, and American iar come into 
our markets. According to Peichcnbacli, tar contains the peculiar proximate prin- 
ciples, paraffine, eupion, creosote, picamar, pit local, besides pyrogen on s resin or 
pyretine, pyrogenous oil or •pyrolcim, and vinegar. 

The Stockholm tar is regarded as the l)est; we have a description of the mode in 
which it is prepared, by Dr. Clarke, in his ‘Travels in Scandinavia ’ : — 

‘ The situation most favourable to the proc(‘ss is in a forest near to a marsh or 
bog, because the roots of the fir, from which tar is princip.nlly extracted, are always 
most productive in such places. A conical cavity is then made in the ground 
(generally on the side of the bank or sloping hill), and the roots of tlio fir, togetlu r 
witli logs and billets of the same, being neatly trussed in a stack of tln^ same conical 
shape, are let into the cavity. The whole is then covi'rcd with a turf to prevent the 
volatile parts from bidng dissipated, wliicli, by means of a heavy wooden mallet and 
wooden stamper, worked separately by two men, is b(3atcn down and rendered as 
firm as possible about the wood. The stack of billets is then kindled, and a slow 
combustion of the fir takes place as in working charcoal. During this combustion 
the tar exudes, and a cast-iron pan being at the bottom of the funnel, witJi a spout 
which projects through the side of the bank, barn ls are placed l)Oiicu11i this spout to 
collect the fluid as it comes away'. As fast as the barrels arc filled tljey are lanigod 
and ready for immediate exportation.’ Wood-tar is obtained as a secoinlary product 
in the manufacture of acetic acid, in the dry distillaticui of wood. 

Tar Imported in 1873 : — 


From Kussia 

Barrels’ 

174,280 

.€ 

value 230,160 

„ Sweden 

12,670 

10.127 

Gernmiiy ..... 

0,558 

13.001 

,, United 8tate.s of America . 

16,218 

22.072 

„ Other countries .... 

2,604 

„ 3,670 

Total . 

215,330 

M 207,132 


Tar Imported in 1874 : — 

8, 8 1 0 Barrels ; value 260.74 0/. 

TAXB, or Vetch. A well known fodder-plant {Vicia sativa). 

TAXFAIIXXX (from 'J'ar). Canvas imbued with tar, used to cover the hatch- 
ways of a ship to prevent rain or sea water from entering the hold, and for other 
purposes. 

TAX8AS. 8eo Trass. 

TAX8ZA {Intarsiatura, Ital.) A mosaic wo(;d-work jiractised in Italy in the 
fifteenth century. 

TAXTAX {Tartrc, Fr. ; cinstciv , Ger.); called also arejal or argol, is the cjai le 
bitartrate of potash, which exists in ihe juict; of the grape, and is deposited 
from wines in their fermenting casks, being jireeijiitated in proportion as the alcohol 
is formed, in consequence of its insolubility in that liquid. There are two sorts of 
argol known in commerce, the white and tlni red ; tin* former, which is of a pale- 
pinkish colour, is the crust let fall by white w'ines ; the latter is a dark red, from 
red wines. 

The crude tartfir is purified, or converted into cream of tiirtar, at Montpellier, by 
the following process : — 

The argal having been ^ound under vertical millstones and sifted, one part of it 
is boiled with 15 of water in conical copper kettles tinned on the inside. As soon as 
it is dissolved, 3i parts of ground pipe-clay are introduced. The solution, being well 
stirred and then settled, is drawn off into crystallising vessels to cool ; the crysbik 
found concreted on the sides and bottom are picked out, washed with water, and dried. 
The mother-water is employed upon a fresh portion of argol. The crystals of the 
first crop are re-dissolved, re-ciysbillised, and exposed upon stretched canvas to the 
sun and air to be bleached. The clay serves to abstract the colouring-matter. I'lie 
crystals formed upon the surface are the whitest, whence the name ‘ cream of tiirtar ’ is 
derived. 

Purified tartar, tlie bitartrato of potash, is thus obtained in hard clusters of small 
colourless crystals, which, examined by a lens, are seen to be transparent four-sided 
prisms. It has no smell, but a feeidy acid taste ; is unchangeable in the air, has a 
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Bpecific grarifcy of 1 -903, dissolves in 16 parts of hoiliiig water, and in 200 parts 
at 60° Faiir. It is insoluble in alcohol. It consists of 24*9oG potash, 70*276 tartaric 
acid, and 4*768 water. See Argot. ; Potash, Bitartrate of. 

TARTAS, CRSABC OFi Acid tartrate of potash. 

TARTAR SUKSTXC. Tartrate of potash and antimony, prepared by boiling 
teroxide of antimony in solution of cream of tartar. 

TARTARXO ACXR, {Acide tartrique, Fr. ; Weinsteinsdure, Ger.) This is pre- 
pared by adding gradually to a boiling-hot solution of 100 parts of tiirtar {bitart rate 
of ■pota.'ih) in a large copper boiler, 26 parts of chalk {carbonate of lime) made into a 
smooth pap with water. A brisk eiFervescenco ensues, from the disengagement of the 
carbonic acid of the chalk, while its base combines with the acid excess in the birtar, 
and forms an insoluble precipitate of tartrate of lime. The supernatant liquor, which 
is a solution of neutral tartrate of potash, must bo drawn off by a syphon, and decom- 
posed by a solution of chloride of calcium (muriate of lime). 28.2 pn-rts of the dry 
chloride are sufficient for 100 of tartar. The tartrate of lime, from both processes, 
is to bo washed with water, drained, and then subjected in a leaden cistern to tho ac- 
tion of 49 parts of sulphuric acid, previously diluted with 8 times its weight of water; 
lot) of dry tartrate take 75 of oil of vitriol. This mixture, after digestion for a few 
d:iys, is converted into sulphate of limo and fcirtaric acid. Tho latter is to be sepa- 
rated from the former by decantation, filtration through canvas, and elutriation of 
the siilph.nto of lime upon tho tilter. 

Tho clear acid is to bo concentrated in leaden pans by a moderate heat, till it 
acquires tho density of 40° B. (sp. gr. 1*38), and then it is run off, clear from any 
sediment, into leaden or stoneware vessels, wliicli are set in a dry stovo-room for it l o 
crystallise. The crystals, being re-dissolved and re- crystallised, become colourless 
six-sided prisms. In decomposing the tartrate of lime, a very slight excess of sul- 
phuric acid must bo employed, because pure tartaric acid would dissolve any tartrate 
of lime tliat may escape decomposition. Bone-black, previously freed from its carbon- 
ate and phosphate of lime, by muriatic acid, is sometimes employed to bleach the 
coloured solutions of tho first crystals. Tartaric acid contains nearly 9 per cent, of 
combined water. It is soluble in two parts of water at 60°, and in its own weight of 
I oiling -uTiter. In its dry state, as it exists in tho tartrate of lime or lead it consists 
of o6'8 of carbon, 3 of hydrogen, and 60*2 of oxygen. It is much employed iti 
calico-printing, and for making sodaic powders. 

In consequence of tho great variation in tho constituents of argol or rough tartar, 
the manufacture of tartaric acid is not nearly .so simple as a first glance at its several 
processes might lead an inexperienced individual to suppose. The theory of preparing 
tartaric acid seems, indeed, a remarkably oasyaffiiir ; and provided the materials oporatocl 
upon were pure, or of uniform quality, no kind of manufacture could put on less tho 
appearance of risk or .speculation. But too many know, to their cost, with what ready 
facility the whole profit, and something more, of a large operation will occasionally 
ooze otf through a variety of unknown channels, and present a sadly defective and 
truncMtcd return of saleable produce. In fact, money is not unfrequontly lost in this 
niamifueturo by very old and experienced makers. Tho differences in argol arise 
Ifuni the greater or smaller amount of tartrate of lime combined with the bitartrato 
of p(;ta.sli ; the.se differences will, in a commercial way, amount to from 5 to 25 or even 
30 per cent. ; and herein resides a difficulty requiring more analytical .skill and 
chemical knowledge than is commonly found amongst practical manufacturers. \V(i 
will suppose that an argol has been purchased, containing by analysis 70 per cent, of- 
bitartrute of potash, but also, though unkiiowui to the purchaser, containing 20 per 
cent, of tartrate of lime. According to the process followed, this argol would be 
dosed with a definite proportion of chalk or carbonate of lime, so as to produce 
tartrate of limo with tho extra tartiiric acid of the suportartrate of potash. This 
tartrate of lime, being insoluble, would fall and mingle with the 20 per cent, already 
existing; but as in practice the quantity of sulphuric acid employed for subsequent 
docompusitioii of this tartrate of lime is proportioned to the amount of chalk 
originally employed, it follows that the tiirtrate of lime naturally present in the argol 
is left uudec.um}X)sed, and comes to be regarded as sulphate of lime, to the great loss 
ot the manufacturer, who probably finds his more intelligent neighbour able to buy 
iis he buys, and yet capable of underselling him in the open market. 

The comjKisition of crystallised tartaric acid, appears to be represented by the 
formula (C*H<*0®). By the action of heat it loses 2HO (K'^O), aud becomes 

anhydrous tartaric acid. Various metamorphoses h*avo been stated to occur in tartaric 
acid upon (jxpusiug it to heat. Laurent, Gerhardt, and Pasteur have investigated this 
matter, and have given the names of metatartaric acid and isotartaric acid to two of 
the results. Another acid has been investigated by Arppe, the pyrotartaric acid. 
According to Millon ami Pteiset, the beet mode of preparing it is to distil powdered 
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tartaric acid with powdered pumieo-stone. The aqueous is separated from the oily 
distillate by a wet filter, and evaporat^ at a gentle heat, till it commences to cryst^- 
lise. The crystals are digested in nitric acid, and thus the pure pyrotartaric acid is 

obtained. 

TASnULTSS are bibasic salts, composed of tartaric acid and oxidised bases, in 
equiralent proportions. Some of the tartrates are employed in the arts, bitartrate of 
potash being used as a mordant in dyeing woollen fabrics. Tartrate of chromium is 
sometimes used in calico-printing, and the tartrate of potash and tin in wool-dyeing. 

Til SUf AlilTB. A combustible mineral found in Tasmania. See Dtsodile. 

TAWUWQ- is the process of preparing the white skins of the sheep, doe, &c. See 
Luathbb. 

VM£L (2%c, Ft. ; Thcc, Ger.) Tlica, the tea-plant, belongs to the natural order 
Tern8tromiacc<iB, Considerable discussion has taken place with reference to tliis im- 
portant substance, some contending that gTeen and black tea ai’e the productions of 
two different plants, the Thea viridis producing the green tea, and the T'hca Bohea the 
black tea. There is a third, variety, the Thca Assamcmis^ or Assam tea, which appears 
to resemble both the others. Mr. Fortune appears to have proved that the green and 
black teas of commerce) do not depend upon specific differences ; T)ut that in the northern 
tea districts of China the black, and green teas are both obtained from the same species 
or variety, namely, the Thea viridis, while in the Canton tea districts both the varieties 
of tea are made from the Thea Bohea. 

The quality of the tea depends much on the sca.son when the leaves are picked, 
the mode in which it is prepared, as well as on the district in which it grows. 
Green tea, it is stated, is coloured by the application of an extract of indigo, of 
Prussian blue, and gypsum ; and that the fine odour which renders the ‘ flowery ’ 
kinds remarkable is derived from the leaves of Oka fragrans, a species of camellia, 
and other similar plants. 

To the black tea belong the varieties known as Bohea, Congou, Campoi, Souchong, 
Caper, and Pekoe. To the green tea, Ttvankay, Hyson ~^kw, Hyson, Imperial, and 
Gunpowder. 

Brande, in his ‘Manual of Pharmacy,’ has given a table from which the follo'wing 
facts are extracted : — 

Soluble Soluble Precipitated Insoluble 
100 purt.s of Teji in water in alcohol by jelly residue 

Green Hyson — Best . 41 44 .‘31 nfi 

,, Medium . 34 43 2G d8 

Lowest . 31 41 24 .>7 

Black Souchong — Best . 35 .3() 28 64 

Medium . 37 35 28 63 

Lowest . 35 31 23 65 

The most remarkable products in tea are — Lst. Tannin. 2nd. An essential oil 
to which it oues its aroma, and which has great influence on its commercial value. 
3rd. A crj'Stalliiie substance, very rich in nitrogen, ihenie, which is also met with in 
coffee (w'hence it is frequently termed eafrinr). 

Besides these three, M. Mulder extracted from tea eleven otluT substances, which 
are usually met with in all leaves. The same chemist found, in tlie various kinds of 
tea from China and Java, a little loss than a half per cent, of their weight of theiiu!. 
Dr. Stenhouse obtained from 1’36 to 0-98 thoine from 100 parts of Lea. On deter- 
mining the nitrogen l)y M. Dumas’s process, he obtjiined the lol lowing numbers : — 


Pekoe tea . 

Nitrogen in 100 partt 
tea dried at 230^ 

5-58 

Gunpowder tea , 

6*15 

Souchong tea . . . 

6*15 

Assam tea . 

5*10 


This amount of nitrogen is far more considerablo than has been detected in any 
vegetable hitherto analysed. 

The proportion of products soluble in hot water varies considerably, and depends 
chiefly upon the age of the leaf, which is younger, and consequently less liqueous, in 
the green than in the black tea. On an average, Stenhouse found in 100 parts 

Parts soluble in 
boiling water. 

Dry black teas . . . . ’ . . . 43*2 

2^ green, teas * . . 471 

Bl^ teas in their commercial state .... 88*4 
Qieen teas do. do. • . • • 48*4 
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When an infusion of tea is evaporated to dryness, a chocolate-brown residue re- 
mains, which, when derived from green gunpowder, contains 5*35 per cent, of nitrogen; 
if from black souchong, 470 per cent, nitrogen. 

The subacetate of lead throws down about half the soluble constituents contained 
in this infusion. The precipitate, which is of a more or less dark yellow, according 
to whether it is derived from green or black tea, contains the whole of the colouring- 
matter, the whole of the tannin, and a peculiar acid, which affords an insoluble salt 
of a light yellow colour with the subacetato of lead. 

To determine the amount of theine, M. Mulder evaporates the infusion with caustic 
magnesia, and treats the residue with ether, which only dissolves out the theine. On 
modifying this process, Dr. Stenhouso has obtained the following quantities of theine 
from 100 parts of 

Hyson 2'40 

Another kind 2-r>G 

Mixture in equal parts of gunpowder, hyson, imperial, 

caper, and pekoe 

Gunpowder 4'1 

Another kind 3‘t) 

These quantities arc fir more considerable than have been obtained by M. Mulder; 
but, at the same time, they do not account for the total amount of nitrogen of the 
infusion in the state of theine, for the composition of theine being represented by 
the formula and this substance containing 29*0 per cent, 

of nitrogen, gunpowder tea should contain 7'4 and souchong 6 '5 theine in 100 parts of 
these teas taken in their ordinary state, if no other nitrogenous substance accompanied 
the theine in the solution. 

The portion of tea from which boiling water extracted no more soluble principle 
contained in 100 parts, dried at 230°, 4*40 nitrogen for the souchong, and 4*30 for the 
gunpowder. These quantities, added to those of the infusion, represent very nearly 
the nitrogen ascertained by analy,sis to exist in the entire leaf. 

On boiling for some time the exhau.sted leaves in water containing .^th of their 
w'eight of potash, a brown liquid is obtained, which affords, on the addition of dilute 
sulphuric or acetic acid, a considerable flocculent and brown precipitate, which con- 
tains 8*45 per cent, of nitrogen ; the product of another preparation gave 9*93. Al- 
cohol and ether remov(^ from this precipitate about 30 per cent, of a green substance, 
which appears to contain a fat acid. This product is not pure after this treatment, 
for it is strongly coloured and contains pectic acid ; nevertheless, that which con- 
tained 8*45 nitrogen afforded 11*35 of this element after being treated with alcohol 
and ether. 

'J'he Chines<c method, of making Black Tea . — ^In the first place, the youngest and 
most teuder leaves are gathered; but when there are many hands and a great 
quantity of leaves to be collected, the people employed nip off with the forefinger 
and thumb the fine end of the branch with about four leaves on, and sometimes even 
more, if they look tender. These are all brought to the place where they are to be 
converted into tea ; they are then put into a large, circular, open-worked bamboo 
Ijaskct, having a rim all round, two fingers broad. The loaves are thinly scattered on 
these baskets, and then placed in a framework of bamboo, in all appearance like tlio 
side of an Indian hut without grass, resting on posts, 2 feet from the ground, with an 
angle of about 25°. The baskets with leaves are put in this frame to dry in the sun, 
and are pushed up and brought down by a long bamboo with a circular piece of wood 
at the end. The leaves are permitted to dry about two hours, being occasionally 
turned ; but the time required for this process depends on the heat of the sun. When 
they begin to have a slightly withered appearance, they are taken down and brought 
into the house, W'hore they are placed on a frame to cool for half an hour. They are 
then put into smaller baskets of the same kind as the former, and placed on a stand. 
People are now employed to soften the leaves still more, by gently clapping them be- 
tween their hands with their fingers and thumb extended, and tossing them up and 
letting them fall, for about five or ten minutes. They are then again put on the frame 
during half an hour, and brought down and clapped with the hands as before. This 
is done three successive times, until the leaves Income to the touch like soft leather ; 
the beating and putting away being said to give the tea the black colour and bitter 
flavour. After this the tea is put into hot cast-iron pans, which are fixed in a circular 
mud fireplace, so that the flame cannot ascend round the pan to incommode the ope- 
rator. This pan is well heated by a straw or bamboo fire to a certain degree. Ab^t 
2 lbs. of the leaves are then put into each hot pan, and spread in such a manner 
that all the leaves may get the same degree of heat. They are every now and then 
briskly turned with the naked hand, to prevent a leaf from being burned. When 
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leaves become inconveniently hot to the hand, they are quickly taken out and delivered 
to another man with a close-worked bamboo basket ready to receive tlK>m. A few 
leaves that may have been left behind are smartly brushed out vith a bamboo broojn; 
all this time a brisk fire is kept up under tlio pan. After the pan has been used in 
this manner three or four times, a bucket of cold water is thrown in, and a soft brick- 
bat and bamboo broom used, to give it a good scouring out ; the wiit-er is thrown out 
of the pan by the brush on one side, the pan itself being never tjiken off. Tho loaves, 
all hot on tho bamboo basket, are laid on a table that has a narrow rim on its back, 
to prevent these baskets from slipping off when pushed against it. The 2 lbs. of 
hot leaves are now divided into two or throe parcels, and distributed to as many men, 
who stand up to the table with the loa ves right l)efore them, and each placing his logs 
close together ; tho leaves are, next collected into a ball, wdiich he gently grasps in his 
left hand, with the thumb extondod, tho lingers close together, and tho hand resting 
on the little finger. The right hand must be extended in the same manuor as the 
loft, but with tho palm turned downwards, resting on the top of the ball of tea-leaves. 
Both hands are now employed to roll and propel the ball along: the left, hand pusldng 
it on, and allowing it to revolve .as it moves: the right hand also pusJies it forward 
resting on it with some force, and keeping it. down to expre.'^s the juice which tlie 
leaves contain. The art lies here in giving the ball a circular motion, and permitting 
it to turn under and in the hand two or tliree whole revolutions, before the arms arc 
extended to their full length, and drawing tho ball of leaves quickly back without 
» leaving a leaf behind, being rolled for about five minutes in this way. The ball of 
tea-leaves is from time to time gently and delicately opened with the fingers, lifted as 
high as the fjice, and then allowed to fall again. This is done two or three times, to 
separate the leaves ; and afterwards the basket witli tho leaves i.s lifted up as often, 
and receives a circular shake to bring these towards the centre!. The leaves are now 
tiiken back to the hot pans, and spread out in them as before, being again turned with 
the naked hand, and when hot taken out and rolled: after which they tire put into tho 
diying basket, and spread on a sieve which is in tho centre of tJie basket, and tluj 
whole placed over a charcoal fire. Tho fire is very nieoly regulated ; there must not 
be the least smoke, and the charcoal should be well jacked. 

When the fire is liglited, it is fanned until it gets a lino red glare, and the smoke is 
all gone off ; being every now and then stirred and the coals brought into tho centre, 
80 as to leave tho outer edge low. WThen the leaves arc put into the drying basket, 
they are gently separated liy lifting them up with the fingers of both hands extended 
far apart, and allowing thorn to fail down again ; they are ]tlace(l 11 or 4 inches deep 
on the sieve, leaving a passage in the centre for the hot air to j)ass. Before it is put 
over the fire, the drj’ing basket receives a smart slap wit h l:)Olh ha mis in the act of 
lifting it up, v- Inch is done to shake down any loaves th/it might otherwise drop 
through the sieve, or to prevent them from falling into the fire and occasioning asmoke, 
which would affect and spoil tlu5 tea. This slap on t.lie basket is invariably applied 
throughout the stages of the tea-manufacture. There is always a large basket under- 
neath to receive the small loaves that fall, which are afterwjird.s collected, dried, and 
added to the other tea ; in no case arc the baskets or sieves permitted to touch or re- 
main on the ground, but always laid on a receiver with three h!g.s. After the leaves 
have been lialf-diied in the drying basket, and while they are still soft, they are taken 
off the fire, and put into largo open-worked baskets, and then put on the shelf, in orik :• 
that the tea may improve in colour. 

Next day the leaves are all sorted into largo, middling, and small ; somotime.s there 
are four sorts. All these, the Chinese informed the writer, become so many different 
kinds of teas : the smallest leaves they called Pha-ho, tho second Pow-chong, the third 
Suchong, and the fourth, or the largest leaves, Toy-chong. After this assortment 
they are again put on the sieve in tho drying basket (taking great care not to mix 
the sorts), and on the fire, as on the preceding day; but now very little more than 
will cover the bottom of the sieve is put in at one time ; the same care of the fire is 
taken as before, and the same precaution of tapping the drying basket every now and 
then. The tea is taken off the fire with the nicest care, for fear of any particle of 
the tea falling into it. Whenever the drying basket is taken off, it is put on tho 
receiver, the sieve in the drying-basket taken out, tho tea turned over, the sieve re- 
placed, the tap given, and the basket placed again over the firo. As the tea becomes 
crisp, it is taken out and thrown into a large receiving basket, until all tho quantity 
on hand has become alike dried and crisp ; from which basket it is again removed 
into the diying basket, but now in much larger quantities. It is then piled up 8 and 
10 inches high on the sieve in the drying basket ; in the centre a small passage is 
left for the hot air to ascend ; the fire that was before bright and clear has now ashes 
thrown on it to deaden its and the shakings that have been collected are put on 
the top of all ; the tap is given, and the basket with the greatest care is put over tho 
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fire. Another basket is placed over the whole, to throw back any heat that may 
fiBcond. Now and then it is taken off, and put on the receiver; the hands, with the 
fingers wide apart, are run down the sides of the basket to the sieve, and the tea gently 
turned over, the passage in tho centre again made, &c., and the basket again placed 
on tho fire. It is from time to time examined, and when tho leaves have become so 
crisp that they break by the slightest pressure of the fingers, it is taken off, when the 
toil is ready. All tho different kinds of leaves underwent tho same operation. The 
tea is now little by little put into boxes, and first pressed down with the hands and 
then with tho feet (clean stockings having been previously put on). 

There is a small room inside of the tea-house, 7 cubits square and 5 high, having 
bamboos laid across on the top to support ii network of bamboo and the sides of tho 
room smeared witli mud to exclude the air. Wlicn there is wet weather, and the 
leaves cannot bo dried in the sun, they are laid out on the top of this room, on tho 
network, on an iron pan, tho same as is used to heat tho loaves; some fire is put into 
it, either of grass or bamboo, so that the flame may ascend high ; tho pan is put on 
a square wooden frame, that has wooden rollers on its legs, and pushed round and 
round this little room Ijy ono man, while another feeds the fire, the leaves on the top 
being occasionally turned; w'hen they arc a little withered, tho fire is haken away, 
and the leaves brought do^vn and manufactured into toa, in tho same manner as if it 
had been dried in the sum. But this is not a good plan, and never had recourse to if 
ir can be possibly avoided. 

IWparation of ftwtitious Green Tea. Tea i.s brought to Canton unprepared ; as 
}?ohea, Soshvn/jf^ and is thrown into a hemispherical iron pan, kept very hot over a 
fire. The leaves are constantly stirred till they are thoroughly heated, when they 
fire dyed, by uddini, for each pound of tea, 1 spoonful of gypsum, 1 of turmeric, and 
2 or 3 of Prussian bliio. The leaves in.stantly change into a l)luish-green, and aft er 
being well stirred for a few minutes, are taken out, being shrivelled by the heat. Tliey 
are now sifted ; the small longish leaves fall through the first sieve, and form Young 
Hyson : the roundest granular ones fall through the last, and constitute Gunpowder, 
or Choo-clia. 

The observations of Liebig afford a satisfactory explanation of tho cause of tho great 
partiality of the poor, not only for tea, but for tea of an expousivo and superior kind. 
Ho says, ‘ Wo shall never certainly bo able to discover how men were first led to the 
use of tho hot infusion of tho leaves of a certain shrub (tea), or of a decoction of certain 
roasted seeds ((*ofiee). Some cause there must be which will explain how the practice 
has becoTue a luicessary of life to all nations. But it is still more remarkable, that tho 
beneficial effects of both plants on the health must bo ascribed to ono and the same 
substance {theme, or caffeine), tho presence of which in two vegetables, belonging to 
natural families, the products of different quarters of tho globe, could hardly have 
presented itself to the boldest imagination. Y'et recent researches have shown, in 
sucli a juanner as to exclude all doubt, that fheinc and caffeine are in all respects 
itleriUcal.’ And ho adds, ‘ That we may consider these vegetable compounds, so re- 
markable for their action on the brain, and the substance of the) organs of motion, as 
elements of food for organs as yet unknown, w'hich are destined to convert the Mood 
into nervous substance, and thus recruit the energy of tho moving and thinking faculties.’ 
Such a discovery gives a great importance to tea and coffee, in a physiological and 
medical point of view. See Thkine. Consult Watts’s ‘ Dictionary of Chemistry.’ 

Indian Teas , — Tho following remarks by the late Dr. Archibald Campbell on Indian 
teas are of interest : — 

Dr. Campbell’s observation led him to believe that little was known of the subject 
in this country, allliough itw'as 40 years since tea was first discovered in Assam, 
growing wild, and 30 years since it was found in tho same state in Cacliar. It was 
very satisfactory to ]je able to state that the Indian authorities had been roused to 
vigorous exertions in providing means of communication between tho tea-producing 
districts and the seaboard, Merchants from Thibet, Cashmere, and Afghanistan had 
crossed the Himalayas into India, and were carrying off the teas from the factories in 
the north-west at highly remunerative prices, bespeaking all tho crop of next year in 
Kumaon, and paying down half the cash in advance. Taking all circumstances into 
consideration, the toa prospects were brighter than the pioneers of tho great Indian 
industry could liitherto boast of. The tea crop of India was in 1873 about 20,000,000 
lbs., of which Darjeeling contributed 2,000,000, increasing at tho rate of 15 per cent, 
per auDum (m the land actually under tea cultivation— /.r., 14,000 acres. For the 
present year (1874) 21,000,000lbs., could be reckoned on, of which 3,000,000 would bo 
from Darjeeling. There wmu other lands which, when cultivated, would increase the 
supply. Dr. Campbell dwelt upon the quantity of spurious and adulterated China 
teas imported into England, and the extent to which pure Indian teas wore kept back 
from tho public for the purpose of mixing to make them saleable. 
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Tea hnported in 1873 with a duty of Qd. per Ih. 



lbs. 

Value 

From Germany 

116,032 

£9,184 

„ Holland 

997,480 

69,949 

„ France 

5,117,428 

372,670 

» Egypt 

927,718 

76,718 

„ China 

137,246,372 

9,261,937 

„ Japan 

311,849 

18,365 

„ United States of America . 

345,563 

24,377 

„ British India : 



„ Bombay and Scinde 

22,719 

2,096 

„ Madras 

31,838 

2,613 

„ Bengal and Burmah 

18,416,506 

1,517,484 i 

„ Other countries .... 

231,764 

17,202 

Total . 

163,765,269 

11,372,595 : 


Tea Imported in 1874, 



lbs. 

^'alue 

From British India 

„ China (including Hongkong and Macao) 

„ Other countries 

18,440,494 

131,669,908 

11,492.918 

£1,621,980 

9,105,307 

845,745 

Total 

\Home consumption 

161,603,4101 
137,422,563 j 

11,573,032 

1 


TBAX. The produce of the Teciona grandis ; a native of the mountainous parts 
of the Malabar coast. The African teak is thought by some to belong to another 
genus ( Oldfieldm Africana). 

TXABSLS or FITZi&BR’S TBZ8TXX (Chardond carder, Fr. ; Wehcrdisfel, Ger.) ; 
the head of the thistle, {Dipsacus fullonum), is employed to raise the nap of cloth, fclee 
Woollen MANUFACTrEE. 

TBU on. See Oils. 

TUTR. In a typical tooth, as developed in most mammals, tlie greater part is 
composed of a substance called dentine, the crown being covered with a hard enamel, 
whilst the remainder of the tooth is coated with a cortical substance known as ccmcut. 
Ivory is very similar to dentine. (See Ivory.) 

Dr. Robert Dundas Thomson published the analyses of teeth by Alexander Nasmyth, 
Esq. The following table has been constructed from those analyses : — 


Organic matter 

Phosphate of lime . 

Fluoride of calcium 

Phosphate of magnesia . 
Carbonate of lime . 

Chloride of sodium . *1 

Ohloride of potassium . / 

Enamel 

Ivory 

Bone 

Human 

adult 

Elephant 

Human 

adult 

Elephant 

For com- 
parison 

6- 160 
89160 
•260 

4010 

6-80 

82-65 

1-65 

7-65 
1-05 j 

26-81 

66-42 

062/ 

6*63 

015 

45-65 

52-30 

i-’ss 

0-06 

35-93 
/5112 
t 0-63 

9-77 

0-59 


For a large eeries of analyses of teeth by Von Bibra, see Watts’s ‘ Dictionary of 
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Teeth .'onpoTted in 1 873 ; Elephant, Sca-cow, Sea-horse. 



CWtB. 

Value 

From Germany 

640 

22,282 

„ Malta 

1,118 

40,394 

,, Egypt • 

4,628 

151,737 

,, West Coast of Africa (foreign) : 



„ Portuguese Possessions 

449 

19,629 

,, Not particularly designated .... 

2,465 

103,859 

,, East Coast of Africa (native) 

69 

6,000 

„ British Possessions on the Gold Coast . 

78 

2,598 

„ ,, in South Africa 

1,117 

41,160 

,, Aden 

277 

13,440 

,, British India 

1,201 

68,082 

„ Other countries 

1,343 

1 

47,448 

Total 

13,385 

506,629 


TEXiSG-RAPBa. Soo Electro-Telegi£APHY. 

TEZiEimiC BISMUTH. A telluride of bismuth. See Tetradymite. 
TEBBUBZUM. One of the elementary bodies, usually classed amongst the metals, 
but it presents so groat an analogy to sulphur and selenium, that many are disposed 
to remove it from the metallic bodies. 

Tellurium was originally found in Transylvanian gold ores ; and morj recently it 
has been found with bismuth. Tellurium has a silvery lustre ; its texture la^crystalline 
and brittle. Its specific gravity is 6*65, and its atomic weight From its 

extreme rarity, and consequent cost, it has not yet found any application in the arts. 

TBMPBHZHG OP STEEXi. In metallurgy the process by which a certain re- 
quired character is given to stool or any other metal. 

The process of hardening or tempering steel is performed with due relation to 
the quality of the steel and the purposes for which it is designed. In most instances 
the hardening is efiectod in water and brine: saw-blades are thus hardened, after 
lacing heated in melted lead ; and sabres are heated in a choked fire of (diarcoal, and 
then swung rapidly through the air. Mint-stamps are hardened in oil. The common 
method of procedure in hardening is this : The steel is overheated, cooled in cold 
water, and then annealed or tempered, by being so far ro-hoated that oil and tallow 
will burn on its surface ; or the surfico is ground and polished, and the steel rc;- 
lieatod until it assumes a certain colour. The gradations of colour consecutively 
follow: a light straw-yellow, violet, blue, and finally grey or black, when the steel 
again becomes as soft as though it had never been hardened. 

TEMPXiET. A gauge formed from a thin piece of mebil, as a guide to the form 
of the work to bo executed. 

TEHT. A portable lodge, consisting of canvas sustained by poles and stretched 
by cords, used for sheltering men, especially soldiers in camp, from the weather. 
Tents were commonly used in the earliest periods of man’s history. The patriarchal 
tribes dwelt in tents. Layard describes one of the sculptured stones at Mosul as re- 
presenting Sennacherib seated on a throne, placed at the entrance of a city. Behind 
the king was the royal tent supported by ropes, and an inscription, signifying ‘ This is 
the tent of Sennacherib, King of Assyria.’ This was 700 years before Christ. We 
learn that Paul w'as a tent-maker, therefore in those days it was an importont calling. 
Wo have no space to ent(jr into the history of tents or describe the varieties which 
have been used from time t-o time, A few words on modern tents must ST^ce : ■ ^ 

The hospital marquee is 20 feet long and 14^ feet wide and 15 feet high. This is 
supposed to accommodiite not less than eighteen or more than twenty-four men. The 
height of each tent-polo is 13 feet 8 inches ; the length of the ridge-pole 13 feet 10 
inches ; the height of the tent- walls from the ground 5 feet 4 inches. The weight 
of all the material of such a tent is stated by Major Ehodes to be 652 lbs. 

The ventilation of tents has been admirably effected by Mr. Doyle, to whom, W0 
are indebted for the information contained in the following notes on the subject. 

The old method of ventilating military tents was very defective. Ventilating 
opening were made at the top of the tent, but no means were provided for the 
admission of fresh air. The result was most unsatisfactory, as may be gathered from 
the following evidence given before the Sebasto^l Committee : — 

‘ The tents wore very close indeed at night. When the tent was dosed in 
VoL. IIL 3 
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wet weather, it was often past bearing. The men became faint from heat and close- 
ness.’ * 

The problem then was to let in fresh air, and produce a draft without incon- 
reniendng the soldiers as they slept. 

The question attracted Mr. Doyle’s notice during the period of the camp at Chobham, 
and it appearing to him to be one of very great importance, he undertook, with the 
sanction of Lo& Baglan, then Master-General of the Ordnance, to try the following 
experiment : — 

He caused two openings to be made in the wall of a tent, 
about 4 feet from the ground, and inl rodiicod the air between 
the wall and a piece of lining somewhat resembling a carri.age- 
pocket, thus: a a, the wall of the tent; b, the opening to admit 
air : r, the lining. 

It will be seen that air so introduced would naturally take 
an upward direction, and that this communicating with the 
openings at the top of the tent, would probably produce the 
desired effect. 

The following extract from the report on this experiment 
will show the actual result; — 

‘ The ventilators (Mr. Dojdo's) were found of great use in 
clearing the tent of the fetid atmosphere consequent upon a 
number of men sleeping in so eoiifined a space. The men state that the heavy smell 
experienced before the tent was altered is almost banished.’ 

In subsequent experiment s the number of the new openings was increased from two 
to three, and a greater amount of ventilation thus obtained. The result according to 
an official letter of thanks received on the subject, was ‘ quite successful.’ The im- 
provement has been since jidoptod into the service, and by these very simple means 
one of the most fruitful causes of sickness among our soldiers in camp finally removed. 

TBITT, a wine, so called from the Spanish Unto, ‘deep-coloured,’ it being of a 
de ep r ed colour. It conies chiefly from Galicia, or Malaga. See Wine. 

TBRBSXXrAXiZA. CHSBtT&A. The name of a tree common in India, which 
produces MjTobalans. See Crookes’s ‘ Handbook of Dyeing,’ 

TBSirS-PBATE. Iron-plate coated wdtli a mixture of tin and load, instead of 
pure tin. 

TS&RA COTTA. This term means literally haJeed earth. It is known in the 
arts as the material of the ancient vases, amphortV, patera*, Ifimps, statues, and bas- 
rilievi. Monumental vases of terra cotta have been found in the tombs, after the 
lapse of 2,000 years, in a fine state of preservation. The ancient terra-cotta vases are 
generally painted Idack, on a red or buflf ground ; but on some there are blue, yellow, 
and other coloui*s. The style of ornamentation is much alike in all : a few narrow 
lines, or fillets, witli dots, meander fretwork, laurel, ivy-leaf, and honeysuckle 
borders, adorning the rim, neck, and stand of the vases, the centre or body being 
covered with allcgoric/il rcprcsonUitions of gods, men, and animals. Terra cottns of the 
typo of the early Greek, commonly call(?d Etruscan vases, are found throughout the 
ancient Egyptian cities. The art of making the? Greek teiTa cotbi seems to have be- 
come extinct, about 100 years before Christ. The modes in which the Greek w’orks 
were made liavc been subjects of much controversy amfjiig the learned in an. The 
body, or substance, appear.s to a potter, in a commercial point of view, of the lowest 
grade, as it is common cla^', very porous, and coarse-grained. Dy some autlior.s it is 
said they were made of clay, mixed with sand only, and by others, with clay mixed 
with cement. The most probable conclusion is, tliat some were made of clay only, 
some of clay and sand, and others (such as tliose of ground and monumentfil 
character, where it was important that the parts should be kept vcjry true in firing), 
of clay mixed with potsherds and puzzohino or other detritus of lava. The works aro 
less baked than modern pottery, and it is doubtful if it would stand exposure to the 
variations of such a climate as England. Among the remains of Greek pottery are 
gigantic amphorss of very coiirse grain, measuring as much as 8 feet in length by 
3 feet in diameter, and of corresponding thickness. It is said that one of these 
great vessels was the tub of Diogenes. Vauquelin gives the following analysis of 
the Greek terra-cotta vases : silica, 63 ; alumina, 15 ; lime 8 ; oxide of iron, &c., 24. 

The Roman terra cottas are of an entirely different character from those just de- 
scribed, and consist chiefly of cinerary urns, lamps, and paterae ; and these appear 
to have been moulded ; the ornament is either incised or embossed, and odd fantastic 
shwes prevaiL 

Terra-ootta works of an oichiteotuial character are constantly met with in the 
* Evidence of Sergeant Dawson, Grenadier Guards. 
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buildinpfg erecbod in Italy between the 12th and 17th centuries. The clay sketches 
and models of Michael Angelo, and other great sculptors, wore rendered in terra 
cottas, llramanto employed terra cotta in decoration. 

The merit of reviving in England tiie manufacture of terracotta belongs to 
Josiiih AVedgwood, who in 1770 established largo works in Staffordshire. About 
1790 a pottery w'as established at Lambeth for the manufacture of decorative works ; 
and terra cotta was made for many years by a lady of the name of Coade, and after- 
wards by Coade and Sealoy. The chief materials used by them were tlie Dorset and 
Devonshire (days, with fine sand, Hint, and potsherds. The chief portion of the old 
coats -of-arms abov’o the shop-fronts of London were made of this terra cotta. About 
fifty years ago, Mr. Dul^b, the sculptor, bad a manufactory for terra cotta. The frieze 
of the Opera in tlie Haymarket is an example of his work. 

To explain the mode of executing any work in terra cotta, it is Ijost to describe the 
proper nmauing of the words ‘ modelling,’ ‘ moulding,’ and ‘ casting.’ 

A model is tin original work mado by the sculptor in (day, and workcil out by the 
fingers and small .tools mado of bone and stool, varying from about G to 10 inches in 
iength. This original work of the artist is allowed to dry, and then the moulding 
operation commences. This process is effected by mixing plaster-of- Paris with 
water to the con.sisUmcy of thick cream; thi.s is spnjad over the model, and when 
it has set it is removed in sections, which, when again carefully united, form the 
mould, in whi(di either clay or metal can be cjist, and receive tlie form of the original 
work. For terra-cotta work, unless many copies of the original are wanted, moulds 
aro not employed. AVhen only one or two copies of a work are required, the original 
models aro built up in a cellular manner, they are then dried and removed to a kiln 
and baked, being a perfectly original work. 

When moulding is performed for terra-cotta works, sheets of clay aro beaten on a 
bench to the consistency of glazicip’s putty, and pressed by the hand into the mould; 
according to the magnitude of the wwk and the weight it may have to sustain, the 
thickness of the clay is determined and arranged, and hero consists a part of tho art 
it would bo impossible to describe, and which requires years of experience in such 
works to produce great works and fire them with certainty of success. 

At the Crystal Palace, Sydenham, aro several largo works manufactured by Mr. J. 
M. Llushfleld, who has extensive terra-cotta W'orks at Stamford. Tho figure of 
‘ Australia,’ modelled by John Beil, nine feet in height, and burnt in one piece ; the 
colossal Tritons modelled by the same artist, and other works, are examples. After 
tho moulded article lias become sufficiently dry, it is conveyed to a kiln. A slow firo 
is first made, and quickened until the heat is sufficient to blend and partially vitrify 
the material of which tlie mass is composed ; when sufficiently baked, tho kiln is 
allowed to cool, and the terra cotta is withdrawn!. 

A very fine red terra cotta, resembling that imported from Copenhagen and 
Belgium, has within tlie last few years beuu manufactured at Watcombe, near 
Torquay, in Devonshire. 

TSRRA 1>X SXSXnO’A is a brown ferruginous ochre, employed in painting, 
obtained from Italy, It is a hydrous sesiiuioxido of iron, containing traces of 
arsenic; from which w^c may infer it is derived mainly from decomposition of 
arsenical pyrites. It is calcined before being us(;d as a pigment, and is then known 
as burnt sienna. Haw sienna is not much employed ; it ccintains water, which tho 
calcined does not. 

TxmRA JAPOiarxCA. See Acacia; Catechu; Gamijier. 

TlSSSliRJE. See Tiles and Encaustic Tiles. 

TESTS are chemical reagents of any kind, which indicate, by special characters, 
tho conjposition of the body to which they are applied. Analytical chemistry is based 
on tho application of tests. See Watts’s ‘Dictionary of Chemistry.’ 

TSTRABTMCXTE, or Telluric Bismuth. A telluride of bismuth, frequently con- 
taining sulphur. It is a common associate of gold. 

TEXTXXiE FABRICS. The first business of the weaver is to adapt those parts 
of his loom which move the warp to tho formation of tho various kinds of ornamental 
figures which tho cloth is intended to exhibit. This subject is called the draught, 
drawdng or reading in, aud the cording of looms. In every species of weaving, 
wlmther direct or cross, tho whole diflTerence of pattern or effect is produced, either 
by tho succession in which the threads of warp are introduced into the heddles, or by 
the succession in which those heddles are moved in tho working. Tho heddles being 
stretched between two shafts of wood, all tho heddles connected by tho same shafts, 
are called a leaf ; and as the operation of introducing the warp into any number of 
leaves is called drawing a warp, the plan of succession is called the ‘ draught.* When 
this operation has been performed correctly, the next part of the weaver’s business is 
to connect the different leaves with tho levers or treddles by which they a]?e to bo 
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movedt bo that one or more may be raised or sunk by every treddle successively, as 
may be required to produce the peculiar pattern. These connections being made by 
coupling the different parts of the apparatus by cords, this operation is called the 
‘ cording.’ In order to direct the operator in this part of his business, especially if pre- 
viously unacquainted with the particular pattern upon which he is employed, plans 
are drawn upon paper, specimens of which will be found in J^s. 1948, 1949, &c. 
These plans are horizontal sections of a loom, the heddles being represented across 
the paper at a, and the treddles under them, and crossing them at right angles at 
In^s. 1948 and 1949 they are represented as if they were distinct pieces of wood, 
those across being the under shaft of each leaf of heddles, and those at the left 
hand the treddles. S6e Weaving. In actual weaving, the treddles are placed at right 
angles to the heddles, the sinking cords descending perpendicularly as nearly as pos- 
sible to the centre of the latter. Placing them at the left hand, therefore, is only for 

1948 1949 




ready inspection, and for practical convenience. At c a few threads of warp art^ shown 
ns they pass through the heedles, and the thick lines denote the leaf with which each 
thread is connected. Thus, in 1948, the right-hand thread, next to a, passes 
through the eye of a heddle upon the back loaf, and is disconnected w'itli all the other 
leaves ; the next thread passes through a heddle on the second leaf; the third, tlirough 
the third leaf; the fourth, through the fourth leaf; and the fifth, tlirough the fifth or 
front leaf. One set of the drauglit being now completed, the weaver recommences with 
the back leaf, and proceeds in the same succession again to the front. Two sets of the 
draught are represented in this figure, and the same succession, it is understood by 
weavers (who seldom draw more than one set), must be repeated until all the warp is 
included. When they proceed to apply the cords, the right-hand part of the plan at 
i, serves as a guide. In .all the plans shown by these fgures, excepting one which 
shall be noticed, a connection must bo formed, by cording, between every leaf of 
heddles and every treddle : for all the leaves must either rise or sink. The raising 
motion is effected by coupling the loaf to one end of its correspondent lop lover ; the 
other end of this lever is tied to the long march below, and this to the treddle. The 
sinking connection is c^rriod directly from under the leaf to the treddle. To direct a 
weaver which of these connections is to bo formed with each treddle, a black spot is 
placed when a leaf is to be raised, where the leaf and treddle intersect each other upon 
the plan, and the sinking connections are left blank. For example, to cord the treddle 
1, to the back leaf, put a raising cord, and to each of the other four, sinking cords ; 
for the treddle 2, raise the second leaf, and sink the remaining four, and so of the rest ; 
the spot always denoting the leaf or leaves to be raised. Thofys. 1948 and 1949 are 
drawn for the purpose of rendering the general principle of this kind of plans familiar 
to those who have not been previously acquainted with them ; hut those who have 
been accustomed to m.anufacturo and weave ornamented cloths, never consume time by 
representing either heddles or treddles as solid or distinct bodies. Thej^ content them- 
selves with ruling a number of lines across a piece of paper, sufficient to make the 
intervals between these lines represent the number of loaves required. Upon these 
intervals, they merely mark the succession of the draught, without producing every 
line to resemble a thread of warp. At the left hand, they draw as many lines aeross 
the former as will afford an interval for each treddle: and in the squares produced by 
the intersections of these lines, tlioy place tho dots, spots, or ciphers which denote tlio 
raising cords. It is also common to continue the cross lines which denote the treddle 
a considerable length beyond the intersections, and to mark by dots, placed diagonally 
in the intervals, the order or succession in w’hich the treddles are to ho pressed down in 
weavitig. The former of these modes has been adopted in the remainiug^^s, to 1957 ; 
but to save room, the latter has been avoided, and tho succession marked by the order 
of the figures under the intervals which denote the treddles. 

Some explanation of the various kinds of fanciful cloths represented by these plans 
nay serve further to illustrate this subject, which is, perhaps, tho most important of 
any connected with the manufacture of cloth, and will also enable a person who 
thozoi^hly studies them, readily to acquire a competent knowledge of the other 
T&rieties in weaving, which are boundless. F^s, 1948 and 1949 represent the draught 
and cozdiog of the two varieties of tweeled cloth wrought with five leaves of heddles. 
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The first is the regular or run tweel, -which, as every leaf rises in regular succession, 
■wrhile the rest are sunk, interweaves the -warp and woof only at every fifth interval, 
and as the succession is uniform, the cloth, u'licn woven, presents the appearance of 
parallel diagonal lines, at an angle of about 4o° over the whole surface. A tweel may- 
have the regularity of its diagonal lines broken by applying the cording as in jig, 
1949. It will be observed, that in both figures the draught of the warp is precisely 
the same, and that tlie whole difference of the two plans consists in the order of phming 
the spots denoting the rtiising cords, the first being regular and successive, and the 
second alternate. 
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Figs. 1950 and 1951 are the regular and broken twoels which maybe produced with 
eight leaves. This properly is the tweel denominated ‘ satin ’ in the silk manufacture, 
although many webs of silk wrought with only live leaves receive that appellation. 
Some of the finest Florentine silks are twceled with sixteen leaves. When the 
broken tweel of eight leaves is used, the effect is much superior to w’hat could bo 
produced by a smaller number ; for in this two leaves arc passed in every interval, 
which gives a much nearer rcsomldancc to plain cloth than the others. For this reason it 
is preferred in weaving the finest damasks. The draught of the eight-leaf tweel differs 
in nothing from the others, excepting in the number of leaves. The difference of the 
cording in the broken tweel wall appear by inspecting the ciphers which mark the 
raising cords, and comparing them witli those of the broken tweel of five hiavos. Fig. 
1952 represents the draught and cording of striped dimity of a tweel of five leaves. 
This is the most simple species of fanciful tweeling. It consists of ton leaves, or 
double the number of the common tweel. Those ton leaves are moved by only five 
treddles, in the same manner as a common tweel. Tlie stripe is formed by one set of 
the leaves flushing the warp, and the other set, the woof. The figure represents a 
stripe formed by ton threads, alternately drawn through each of the two sets of leaves. 
In this case, the stripe and the intervals will be equally broad, and what is the strip© 
upon one side of the cloth will be the interval upon the other, and vice versd. But 
groat variety of patterns may bo introduced by drawing the warp in greater or small 
portions through either set. The tweel is of the regular kind, but may b© broken by 
placing the cording as in Jig. 1949. It will bo observed that the cording-marks of 
the lower or front loaves are exactly the converse of the other set ; for where a raising 
mark is placed upon one, it is marked for sinking in the other ; that is to say, the 
mark is omitted ; and all loaves which sink in the one, are marked for raising in tho 
other ; thus, one tlircad rises in succession in the back set, and four sink ; but in tho 
front sot, four rise, and only one sinks. Tho woof, of course, passing over tho four 
sunk threads, and under the raised one, in the first instance, is flushed above ; but 
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where the reverse takes place, as in the second it is flushed below ; and thus the 
appearance of a stripe is formed. Tho analogy subsisting between striped dimity and 
dornock is so great, that before noticing the plan for fancy dimity, it may bo proper 
to allude to the dornock, tho plan of which is represented by^. 1053. 

The draught of dornock is precisely the same in every respect with that of striped 
dimity. It also consists of two sots of tweeling heddles, whether three, four, or fi-ve 
loavosKire used for each set. Tho right-hand sot of treddles is also corded exactly in 
the same way, as will u[)pGar by comparing them. But as tho dimity is a continued 
stripe from the boginniiig to the end of the web, only five treddles are required to move 
ten loaves. The dornock being chequer-work, tho weaver must possess the power of 
reversing this at pleasure. He therefore adds five more treddles, the cording of which 
is exactly the rererse of the former ; that is to say, the back leaves, in the former case, 
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haring one leaf raised, and four sunk, have, by working with those additional treddlos, 
one leaf sunk and four leaves raised. The front leaves are in the same manner reversed, 
and the mounting is complete. So long as the weaver continues to work with eitlier 
set, a stripe will be formed, as in the dimity ; but when he changes his feet from one 
set to the other, the whole effect is reversed, and the chequers formed. The dornock 
pattern upon the design-paper, 1953, may bo thus explained : let every square of 
the design represent five threads upon cither set of tlie hoddles, wliicli are said by 
weavers to be once over the uraught, supposing the tweel to be one of five loa ves ; draw 
three parallel lines, as under, to form two intervals, each representing one of the sets ; 
the draught will then be as follows 



The above is exactly so much of the pattern as is tlicro laid down, to show its ap- 
pearance ; but one whole range of the iiattern is completed by the figure 1, nearest to 
the right hand upon the lower interval botw’ocn the lines, and the rt'maining figures, 
nearer to the right, form the beginning of a second niiigc or set. 'J'lieso are to be re- 
peated in the same "way across the whole warp. The lowi-r interval represents the 
five front leaves : the upper interval, the five back ones. Tiie first figure 4, denotes 
that five threads are to be successively drawn upon the back leaves, and tliis operation 
repeated four times. The first figure 4, in the lower interval, express(‘s that the 
same is to be done upon the front leaves ; and each figure, by its diagonal position, 
shows how often, and in what succession, five threads are t/O be drawn upon tlu^ leaves 
whicli the interval in whicli it is placed represents. 

Dornocks of more extensive patterns are sometimes woven with 3, 4, 5, and oven 6 
set of leaves ; but after the leaves excetKi lt5 in number, they both occupy an incon- 
venient space, and are very unwicldly to work. For these reasons the diaper harness 
is in almost every instance preferred. 

1955 represents the draught and cording of a fanciful species of dimity, in 
W'hich it will be observed that the warp is not drawn direct ly from the back to the 
front leaf, as in the former examples ; but when it has arrived at either external leaf, 
the draught is reversed, and returns gradually to the other. The same draught is fre- 
quently used in the twceling, when it is wished that the diagonal linos should appear 
upon the cloth in a zigzag direction. This plan exhibits the draught anti cording Avhich 
will produce the pattern upon the design-paper in 1948. Were all the squares 
produced by the intersection of the lines denoting the loaves and trcddles, wlicro the 
raised dots are placed, filled the same as on the design, they would produce the elfi'Ct 
of exactly one fourth of tiiut patUtrn. This is caused by the reve rsing of the draught, 
which gives the other side reversed as on the design ; and when all trcddles, from 1 
to 16, have been successively used in the working, one-half of tho inttern will become 
complete. The weaver then goes again over his trcddles, in the reversed order of tlio 
numbers, from 17 to 30, when the other half of tho pattern will l>e con)i>lnte(l. From 
this similarity of the cording to the design, it is easy, when a design is given, to make 
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out the draught and cording proper to work it ; and when the cording is give n, to see 
its upon the design. 

Ffy. 1066 represents tho draught of the diaper mounting, and tlie cording of tho 
front leaves which are moved by treddles. From the plan, it will appear that five 
threads are included iu every mail of the harness, and that these are drawn in single 
threads through the fixint leaves. The cording forms an exception to the general rules, 
that when one or more leaves are raised, all the rest must be sunk ; for in this instance, 
one leaf rises, one sinks, and throe remain stationary. An additional mark, therefore, 
is used in this plan. The dots, as formerly, denote raising cords; the blanks, 
sinking cords ; a^ where tho cord is to be totally omitted, the cross marks x are 
placed. 

i%. 1967 ii the draught and cording of a spot whose two sides are similar, but 
upon the plan forms a diamond, similar to the one drawn upon the 
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design-paper in the diagram, but smaller in size. The draught here is reversed, as in 
the dimity plan, and the treading is also to be reversed, after arriving at C, to complete 
the diamond. Like it, too, the raising marks form ono-fourth of the pattern. In 
woa^*ing spots, they are commonly placed at intervals, vith a portion of plain cloth 
between them, and in alternate rows, the spots of one row being between those of the 
other. But as intervals of plain cloth must take place, both by the warp and woof, 2 
leaves are added for that purpose. The front, or ground leaf, includes every second 
thread of the wdiole warp ; th«‘ second, or plain leaf, that part wliich forms the inter- 
vals by the warp. The remaining loaves form the spots : the first six being allotted 
to one row of s}X)ts, and the second six to the next row, where each spot is in the 
centre between the former. The reversed draught of the first is shown entire, and is 

1957 1958 



sncecodod by 12 threads of plain. One-half of the draught of the next row is then 
given, which is to bo completed exactly like the first, and succeeded hy 12 threads 
more of plain ; when, ono set of the pattern being finished, the same succession is to 
bo repeated over the whole warp. As spots are formed by inserting woof of coarser 
dimensions than that which forms the fabric, every second thread only is allotted for 
the spotting. Those included in the front, or ground leaf are represented bylines, 
and the spot-threads betwoou them, l)y marks in the int(‘rvals, as in the other plans. 

The trcddles necessary to work tliis spot are, in number, 14. Of those the two in the 
centre, a, b, (./iy. 1957) when pre.ssed alternately, will produce plain cloth; for b raises 
the front leaf, which includes half the warp, and sinks all the rest; while a exactly 
reverses tho operation. The spot-treddles on the right hand work the row contained 
in the first six spot-leaves : and those upon tho left hand, the row contained in tlio 
second six. In working spots, one thread, or shot of spotting-woof, and two of pL'iin, 
are successively inserted, by means of tM'o separate shuttles. 

Dissimilar spots are those wlioso sides arc quite different from each other. Tho 
draught only of these is reproseuted by fy, 1958. Tho cording depends entirely 
upon tho figure. 

Fig. 1959 represents any solid body composed of parts lashed together. If the 
darkened squares bo supposed to bo beams of w’ood, connected by cordage, they will 
give a precise idea of textile fabric. Tho beams cannot come into actual conbict, 
because, if the lashing cords W(!ro as fine even as human hairs, they must still require 
space. The thickness is that of one beam and one cord; but if the cords touch each 
other, it may then bo one beam and two cords ; but it is not possible in practical 
weaving to bring (ivery thread of w’eft into actual contact. It may, therefore, be 
assumed, that the thickness is tx]ual to the diameter of one thread of the warp, added 
to that of one yarn of the weft ; and when these are equal, tho thickness of the cloth 
is double of that diameter. Denser cloth would not be sufficiently pliant or flexible. 


Fig. 1960 is a representation of 
a section of cloth of an open fabric, 
where the round dots which repre- 
sent tho warp are placed at a coii- 
tiidcrable distance from each other. 



Fig. 1961 may bo siippo.sod a 
plain fabric of that description 
which approaches the most nearly 
to any idt;ii we can form of the most 
dense or close contact of which yarn 
can he made susceptible. Here the 
warp is supposed to bo so tightly 
stretched in the loom as to rePiin 



entirely the parallel state, without 

any curvature, and the whole flexure is tliercforo gh’^eii to the woof. This mode of 
weaving can never really exist ; but if tho warp bo sufficiently strong to bear any 
tight stretching, and tho woof l)o spun very soft and flexible, something very near 
it may be produced. This way of making cloth is well fitted for those goods which 
require to give considerable warmth ; but they are sometimes the means of very gross 
fraud and imposition ; for if the warp is made of very slender threads, and the woof of 
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fllacklv tinsted cotton or woollen yarn, where the fibrils of the stuff, being' but slightly 
brongnt into contect, are rough and oozy, a great appearance of thickness and 
strength may be given to the eye, when the cloth is absolutely so -flimsy that it may 
be torn asunder as easily as a sheet of writing-paper. Many frauds of this kind are 
practised. 

In^. 1962 is given a representation of the position of a fabric of cloth in section, 
as it IS in the loom before the warp has been closed upon the woof, which still appears 
as a straight line. This figure may usefully illustrate the direct ion and ratio of con- 
traction which must unavoi^bly take place in every kind of cloth, according to the 
density of the texture, the dimensions of the threads, and the description of tlio cloth. 
Let A, B, represent one thread of woof completely stretched hy the velocity of the 
shuttle in passing between the threads of warp which are represented hy the round 
dots, 1, 2, &c., and those distinguished liy 8, 9, &c. When these threads are closed 
by the operation of the needles to form the inner texture, the first tendency will be to 
move in the direction 1 6, 2 />, &c., for those above, and in that of 8 a, 9 a, &c., for 
those below; but the contraction for a, n, by its deviation from a stre.ight to a curved 
line, in consequence of the compression of tho warp-threads 1 h, 2 b, &c., and 1 a, 2 a, 

&c., in closing, wdll produce by the 
action of the two pow'ers at right 
angles to each other, the oblique or 
diagonal direction denoted by the 
linos 1, 8 — 2, 9, to tho left, for tho 
threads above, and that expressed 
by the lines 2, 8 — 3, 9, &c., to the 
riglit, for the threads below. Now, 
as tho whole deviation is produced 
by tho flexure of the thread a, b, if 
A is supposed to be placed at tho 
middle of the cloth, equidisUnt from 
the two extremities, op stii^apcs as 
they are c-iillcd by wx^avers, the 
thread at 1 may be supposed to 
move really in tho direction 1 h, and all the others to approach to it in the directions 
represented, whilst those to the right would approach in tho same ratio, but the lino 
of approximation W'ould be inverted. Fiff. 1963 represents the common fabric used 
for lawns, muslins, and the middle kind of goods, tho excellence of which neither 
consi.sts in the greatest strength, nor in the greatest transparency. It is entirely 
a medium between 1960 nnd/q. 1961. 

In the efforts to give great strength and thickness to cloth, it w'ill be obvious that 
the common mode of weaving, by constant intersection of warp or woof, although it 
may be perhaps tho best wliicli can be devised for the former, presents invincible 
obstructions to the latter beyond a certain limit. To remedy this, two modes of 
weaving are in common use, w'hich, while they add to the powca* of compressing a 
great company of materials in a small compass, possess the additional advantage of 
affording much facility for adding ornament to the superficies of tho fabric. The 
first of these is double cloth, or two webs woven togetlier. and joined by the operation. 
This is chiefly used for carpets ; and its geometrical principles are entirely the same 
as those of plain cloth, supposing the webs to be sowed together. A section of the 
cloth will be found in 1964. See Cakpets. 

Of the simplest kind of tweeled fabric, a section is given in fig. 1965. 

The great and prominent advantage of the tweeled fabric in point of texture arises 
from the facility with which a very groat quantity of materials may bo put closely 



together. In the figure, the warp is represented by the dots in the same straight 
line as in the plain fabrics ; but if we consider tho direction and ratio of contraction, 
upon principles similar to those laid down in the explanation given of fig. 1962, we 
tshall readily discover the very different way in which the tweeled fabric is affected. 

When the dotted lines are drawn at a, 5, c, d, their direction of contraction, instead 
of being upon every second or alternate thread, is only upon everj” fifth thread, and the 
natu^ tendency would consequently be, to bring the whole into tho form represented by 
the lines and dotted circles at c, 5, c, d. In point, then, of thickness, from the upper 
to the under luperficieSi it is evident that the wh^e fabric has increased in the xatio 
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of nearly three to one. On the other hand, it \rill appear, that four threads or 
cylinders being thus put together in one solid mass, might bo supposed only one 
thread, or like tlio strands of a rope before it is twisted ; but, to remedy this, the 
thread being shifted every time, the whole forms a body in whieh much agg^regate 
matter is compressed ; but where, being loss firmly united, the accession of strength 
acquired by the accumulation of materials is partially counteracted by the want of 
equal firmness of junction. 

The second quality of the twceled fabric, msccptihilify of receiving ornament, arises 
from its capability of being inverted at pleasure, as in fg. 1966. In this figure, we 
have, as before, four threads, and one alternately intersected; but here the four 
tljreads marked 1 and 2 are under the woof, while those marked 3 and 4 are above. 

Fig. 1967 represents that kind of twceled work which produces an ornamental 
effect, and adds even to tlie 
strength of a fabric, in so far 
as accumulation of matter can 
be considered in that light. The 
figure represents a piece of velvet 
cut in section, and of that kind 
which, being woven upon a twceled 
ground, is known by the name of 
CJenoa velvet. 1st. llccausc, by 
combining a great quantity of 
material in a small compass, they 
afford groat warmth. 2nd. Irom the great resistance which they oppose to external 
friction, they are very durable. And, 3rd. Because, from the very nature of the 
texture, they afford the finest means of rich ornamental decoration. 

TJio use of velvet cloths in cold weather is a sufficient proof of the truth of the 
first. The manufacture of plush, corduroy, and other stuffs for the dress of those 
exposed to the accidents of laborious employment, evinces the second; and the 
ornamented velvets and Wilton carpeting are demonstrative of the third of these 
positions. 

lu the figure, the diagonal form which both the warp and woof of cloth assume, is 
very apparent from the smallness of the scale. Besides what this adds to the 
strength of the cloth, the flushed part, which appears interwoven, at the darkly- 
sliaded intervals 1, 2, &c., forms, when finished, the whole covering or upper surface. 
The principle, in so far ns regards texture, is entirely the same as any other tweeled 
fabric. 

Fig. 1968, which represents corduroy, or king’s cord, is merely striped velvet. The 
principle is the same, and the figure shows that the one is a copy of the other. The 
remaining figures represent those kinds of work which are of the most flimsy and 
open description of texture; those in which neither strength, warmth, nor dura- 
bility are much required, and of which openness and transparency are the chief 
recommendations. 

Fig. 1969 represents common gauze, or linau, a substance very much used for 
various purposes. The essential difference between this description of cloth and all 
others, consists in the warp being turned or twisted like a rope during the operation 
of weaving, and hence it bears a considerable analogy to l(W€. The twining of gauze 
is not continued in the same direction, but is alternately from right to left, and vice 
VL'r.<id, between every intersection 
of the woof. Tlic fabric of gauze 
is always open, flimsy, and trans- 
parent ; but from the turning of 
tlio warp, it possesses an un- 
common degree of strength and 
tcuacity in proportion to the 
quantity of material which it con- 
tains. This quality, together with 
the transparency of the fabric, 
renders it peculiarly adapted for ornamental purposes of various kinds, particularly 
for flowering or figuring, either in the loom or by the needle. In the warp of gauze 
there arises a much greater degree of contraction during the weaving than in any 
other species of cloth ; and this is produced by the turning. The twisting between 
every intersection of weft amounts precisely to one complete revolution of both 
threads : hence this difference exists between this and every other species of weaving, 
namely, that the one thread of warp is always above the woof, and the contiguoua 
thread is always below. 
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. 1970 represents a section of another species of twisted cloth, which is known 

by the name of ‘catgut,’ and which differs from the giiuze only, by being siibiocted to 
s greater degree of twine inwea^nng; for, in place of one revolution between each 
intersection! a revolution and a half are always given ; and tluis the warp is alternately 
above and below, as in other kinds of wciaving. 

1971 is a superficial representation of the most simple kind of ornamental 
network produced in the loom. It is called a whip-net by weavers, who use tlio term 
•whip ’ for any substance interwoven in cloth for omamentiil purposes, when it is dis- 
tinct from the ground of the 
fabric. In this the difference 
is merely in the crossing of the 
warp; for it is very evident 
that the crossings at 1, 2, 3. 4. 
and 5, are of different threads 
from those at C, 7, 8, and {). 

Fig. 1972 represents, super- 
ficially, wliat is called the 
‘mail-net,’ and is merely a com- 
bination of common gauze and 
the whip-net in the same 
fabric. The gauze licre being 
in the same direclion as the 
dotted lino in the former 
figure, the whole fabric is evi- 
dently a continued succession 
, of right-angle triangles, of 

which the woof forms the basis, the gauze part the perpendiculars, and the whip 
parts the hypothenusos. The contraction here being very different, it is necessary 
that the gauze and whip parts sliould bo stretched upon separate l)eams. 

In order to design ornament!i] figures upon cloths, the lines which are drawn from 
the top to the bottom of the paper may l)e supposed to represent the warp; .and those 
drawn acrc^s, tlief woof of the web ; any number of threads being supposed to be 
included between every two lines. The paper thus forms a double scnle. by wliich. in 
the first instance, the size and form of the pattern may be determined with great ]»re- 
cision; and tlie whole subsequent operatioms of the weaver regulated, both in mount- 
ing and working his loom. To enal.»l(; the j)rojector of a new pattern to judge 
properly of its efiects, w’hen transferred from the paper to the cloth, it wall bo essen- 
tially necessary that ho should bear constantly in his view the eoniparative scale of 
magnitude whicli the design will bear in each, regul.’iting his ideas .alw'ays by square 
or superficial measurement. Thus, in the large design,,//^. 1073, representing a bird 
perched upon the branch of a tree, it will bo proper, in the first place to count tho 
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number of spaces from the point of the bill to the extremity of tho tail; and to 
render this the more easy, it is to be observed that every tenth lino is drawn con- 
sid^bly bolder than the others. This number in the design is 136 spaces. Counting 
again, ftom the stem of the branch to tho upper part of the bird’s head, he will find 
78 Between these spaces, therefore, the whole superficial measure of the 

pattern is contained. By the measure of the paper, this muy be easily tried with a 
pair of compasses, and inll be found to bo nearly 6^''^ inches in length by 3^^,; inches 
in breadth, ^ Now, if this is to be woven in a reed contiiining 800 intervals in 37 
Jnchei, and if every interval contains five threads, supposed to be contained between 
9V6IJ two pazaUel lines, the length will be 8*24 inches, and the breadth 3*62 inches 
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nearly ; so that the figure Ti,pon the cloth would bo very nearly of the same dimen- 
sions as that upon the paper ; but if a 1,200 reed were used, instead of an 800, the 
dimension would be proportionally contracted. 

A correct idea being formed of the tlosign, the weaver may proceed to mount his 
loom according to the pattern ; and this is done by two persons, one of whom takes 
from the design instructions necessary for the other to follow in tying his cords. 


1974 



1974 is a representation of the most simple species of table linen, which is 
merely an imitation of chequer-work of various sizes ; and is known in Scotland, 
where the manufacture is chiefly practised, by the name of ‘ dornock.’ When a 
pattern is formed upon twceled cloth, by reversing the flushing, the two sides of the 
fabric being dissimihar, one may be supposed to bo represented by the black marks, 
and the other by the part of the figure which is left uncoloiirod. For such a pattern 
as this, two sets of common tweeled-heddles, moved in the ordinary way, by a double 
succession of lieddles, are sufficient. The other part of 1974 is a design of that 
intermediate kind of ornamental work which is called diaper, and which partakes 
partly of the nature of the dornock, and partly of that of the damask and tapestry. 

1975 


The principle upon which all these descriptions of goods are woven is entirely the 
same, and the only difference is in the extent of Uio design, and the moans by which 
It is executed. F///. 1975 is a design for a border of a handkerchief or napkin, 
which may be executed either in the manner of damask, or as the spotting is practised 
in the lighter fabrics. 

TEXTZXiS FIBRES CORDEWSED. Mr. John Mercer’s plan of transforming 
cotton and flax into fibres of fine silky texture, while their strength and substance 
are increased, excited much interest a few years since. lie subjected them to the 
action of caustic alkaline lye, sulphuric acid, or to solution of chloride of zinc, of 
such strength and at such a temperature as produced certain remarkable changes in 
them, quite the reverse of what most people would have expected. The mode of 
operating according to this invention, upon cloth made wholly or partially of 
any vegetable-fibres and bleached, is as follows: — The cloth is passed through a 
padding machine charged with caustic soda or caustic potash at 60*^ or 70“^ of 
Twaddle’s hydrometer, at the common temperature of the atmosphere (say 60° Fahr, 
or under); then, without being dried, it is washed iii water; aud, after this, it is 
passed through dilute sulphuinc acid, and washed again. Or the cloth is conducted 
over and under a series of rollers in a cistern containing caustic soda or caustic 
pobvsh at 40° to 60° Twaddle, at the ordinary temperature (the last two rollers being 
set so as to squeeze the excess of soda or potash back into the cistern) ; and then 
it is passed over aud under rollers placed in a series of cisterns, which are charged 
at tho commencement of the operation with water only ; so that when the cloth 
arrives at tho last cistern, nearly all the alkali has been washed out of it. After 
the cloth has either gone tlirough tho padding machine or through the cisterns, 
it is w'ashed in water, passed through dilute sulphuric acid, and again washed in 
water. 

When grey or unbleached cloth, made from the above-mentioned fibrous material, 
is to be treated, it is first boiled or steeped in water, so as to wet it thoroughly ; then 
most of the water is removed by tho squeezer or hydro-extractor ; and, after this, it 
is passed through the soda- or potash-solution, &c., as before described. 

Warps, either bleached or unbleached, are treated in the same manner; but, 
after passing through the cistern containing the alkali, they are passed thiough 
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equeeeers or through a hole in a metal plate, to remove the alkali ; and then the warps 
are conducted through the water cisterns, ‘ soured,’ and washed, as before described. 

When thread or hank yarn is to be operated upon, the threads or yarns are 
immersed in the alkali and then wrung out (as is usually done in sizing or dyeing 
them); and afterwards they are subjected to the above-mentioned operations of 
washing, souring, and washing in water. 

When any fibre in the raw state, or before it is manufactured, is to be treated, it is 
first boiled in water, and then freed from most of the water by the hydro-extractor 
or a press; after which it is immersed in the alkaline solution, and the excess of 
alkali is removed by the hydro-extractor or a press ; then it is washed in waiter, 
soured with dilute sulphuric acid, and -washed again; and, finally, the water is 
removed by the hydro-extractor or a press. 

The following are the effects produced by the above operations upon cloth made of 
vegetable fibrous material, either alone or mixed -wdtli animal fibrous material : — The 
cloth will have shrunk in length and breadth, or have become less in its external 
dimensions, but thicker and closer ; so that l)y the chemical action of caustic soda or 
caustic potesh on cotton and other vegetable fabrics, an effect -vv'ill be produced 
somewhat analogous to that which is produced on woollen by the process of fulling 
OP milling ; the cloth will likewise have acquired greater strength and firmness — 
greater force being required to break each fibre — it will bo found to have become 
heavier than it was previously to being acted upon by the alkali, if in both cases 
it be weighed at the temperature of 60° Fahr., or under. It will also have ac- 
quired greatly augmented and improved powers of receiving colours in printing and 
dyeing. 

TBAUITTM. {St/tnh. Tl; at. U't. 204.) Tlio existence of a now elementary 
substance in the deposit formed in the leaden chambers of a sulpliuric-acid factory was 
indicated by Mr. W. Crookes as far back as March 30, 1861. Mr. Crookes announced 
his discovery in the following terms : — 

‘In the year 1860, upwards of 10 lbs. of tbe seleniferous deposit from the sulpliiiric 
acid manufactory at Tilkerodc, in the 11 artz Mountains, w'cre placed at my di.'-jtosal, for 
the purpose of extracting from it the selenium, wiiich was afterwards employed in an 
investigation upon the sclenocj'anides. Some residues w’hich were left in tlie purifi- 
cation of the crude selenium, and whicli from their reactions appeared to contain 
tellurium, were collected together and placed aside for examination at a more con- 
venient opportunity. They remained unnoticed until the beginning of 1862, wlien, 
requiring some tellurium for experimental purposes, I attempted its extraction from 
these residues. Knowing that the spectra of the incandescent vapours of both 
selenium and tellurium were free from any strongly-marked lino which might lead 
to the identification of either of those elements, it was not until 1 liad in vain tried 
numerous chemical methods lor isolating the tellurium which 1 supposed to be 
present, that the method of spectrum analysis w-as used. A portion of the residue, 
introduced into a blue gas-flame, gave abundant (jvideuce of selenium ; but as the 
alternate light and dark bands due to tliis element became fainter, and I w^as 
expecting the .appearance of the somewhat similar but closer bands of tellurium, 
suddenly a hrighi green line fiashed into view and as quickly ilisappearod. An 
isolated green line in this portion of the spectrum was new' to me. I had become 
intimately acquainted with the appearance of most of tlie artificial spectra during 
many years* investigation, and had never before met wdth a similar lino to this ; and 
as from the chemiciil processes through which this residue had passed the elements 
which could possibly be present were limited to a few, it became of interest to dis- 
cover which of them occasioned this green line. After numerous experiments, I 
have been led to the conclusion that it is caused by the presence of a new element, 
belonging to the sulphur group ; but unfortunately the quantity of material upon 
which 1 have been able to experiment has been so small, that I hesitate to assert this 
ve^ positively.* 

Thallium is a soft heavy metal, resembling lead ; it melts at 294° C., and is com- 

S * ‘ “ r volatile below a red heat, both in the cl emcnbiry state and in combination 
t when united with a heavy fixed metal). From its hydrochloric solution it is 
j precipitated by metallic sine in the form of a hea-vT- black powder insoluble 
in the' acid liquid. Ammonia added very gradually, until in sliglit excess, to its acid 
solution gives no precipitate or colouration whatever, neither does the addition of 
carbomite or oxalate of ammonia to its alkaline solution. Dry chlorine passed over 
it ata dull red heat umtes with it, forming a readily volatile chJorido soluble in water. 
Sulphuretted hydrogen passed through its hydrochlonc solution precipitates it in- 
completely. unless only a trace of free acid is present ; but in an alkaline solution an 
immediate precipitation of a heavy black powder takes place. Fused with carbonate 
and it becomes soluble in water. 
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Mr. Crookes afterwards found the now element in two or three specimens of native 
sulphur, and especially in some specimens from the Liparian Islands. Some samples 
of iSpaiiisli j)yrites were likewise found to contain traces of the substance. Mr. Crookes 
called the new element Thallium (from Gr. ‘ Imdding twig’); and 

described a process by which it may be separated. Thallium is also found in some 
lithia-micMs {lepidolite), and in the Sw'edish mineral called CrookeMte, a selenide of 
copper and thallium, which contains as much as 19 per cent, of thallium. 

On May 16, 1862, M. Lamy made known the result of his researches and experi- 
ments on a deposit formed, after the chambers had been fed for ii considerable time 
with sulphurous acid generated by the combustion of Belgian pyrites from the mines 
of St. Onoux near ^pa. M. Frederick Ivuhlmann, jun. had extracted several 
specimens of selenium, one of which he phaced .at the disposal of M. Lamy. On 
submitting this specimen to spectrum analysis, M. Lamy observed (early in 1862) 
the same green line which had been the starting-point of Mr. Crookes’ researches. 
It thus appears that M. I^amy was led by indopendont observations of his own to the 
detection of the green line-producing body previously oljsorved by Mr. Crookes. 
M. Lamy, however; beiiig fortunate enough to have a very considerable amount of 
the thalliferous deposit at his disposal, was enabled to pursue his investigation on a 
proportioiuitcily extensive scale. lie began a series of experiments with the view of 
isolating the element, and soon succeeded in separating very appreciable quantities 
of the new body, in the form of a metellic ingot. 

For the preparation of the salts of thallium, see Watts’s ‘ Dictionary of Chemistry.’ 

TKEBAIXVEa One of the numerous alkaloids obtained from opium, 

THEIE'E. S 3 m, Caffeine, C'‘^iI“’N^O* A feeldo base contained in tea, 

coffee, and, in fact, in most of the plants used in the manner of tea ; such as Paraguay 
and Giiaraua tea. See Caffeine and Tea. 

THEETAEE’S BZiVE, or Cohalt Blue, is prepared by digesting the oxide of 
cobalt with nitric acid, evaporating tho nitrate of cobalt formed, almost to dryness; 
diluting it with water, and filtering, to separate some arsenate of iron, which usually 
precipitates. Tho clear liquor is to be poured into a solution of i)hosphate of soda, 
when an insoluble phosfhatc of cobalt falls. This being w'ell washed, is to bo 
intimately mixed in its soft state with eight times its weight of w’ell-washed gelatinous 
alumina, which has been obtained by pouring a solution of alum into water of am- 
monia in excess. Tho uniforndy -coloured paste is to be spread upon plates, dried in a 
stove, then bruised dry in a mortar, enclosed in a crucible, and subjected to a cherry- 
rod hcjit for half an hour. On taking out tho crucible, and letting it cool, tho fine 
bluo pigment is to bo remov<Hl into a bottle, which is to bo stoppered till used. 

Tho arsonalo of coI)alt may bo substituted, in the above process, for the phosphate, 
but it must bo mixed with sixteen times its weight of 'the washed gtdatinous alumina. 
The arsenate is procured by pouring the dilute nitrate of cobalt into a solution of 
arsenate of potash. If nitrate of cobalt be mixed with alumina, and the mixture be 
treated as above described, a bluo pigment "will also be obtained, but paler than the 
preceding, showing that tho colour comsists essentially of alumina stained with oxide 
of cobalt. See Couai.t Blue. 

THEOBROMA CACAO. The Cocoa or Cacao tree : from tho seeds of which 
both chocolato and cocoa are prepared. See Cocoa. 

TREOBROMIXE is a cliemical principle found in cocoa-boans. It is extracted 
by Ifoiling witli witer, filtering, precipitating with acetate of lead, separating the pre- 
cipitate after washing it, and then decomposing it by sulphuretted hydrogen. 

THEOEZXE. See Abiktkne. 

TB[ERM06RAPHY'. A term proposed by the Editor of this Dictionary, in 
December 1812, to express the ‘Art of Copying Engraving.s, &c. on Metal Plates;’ 
tlie effect being duo in all cases to tho iutlucnco of heat-radiations. Tho process is 
fully described in ‘ Ilesoarches on Light,’ by Mr. Pobert Hunt. 

THERMOMETER. An instrument used, as its name signifies, as a measure of 
beat. A description of this valuable instrument belongs to Physics. The principle 
upon which it is constructed depends upon tho expansion of some fluid or solid by 
heat. We may adopt any body as our heat-measurer, if tho rate of expansion is 
uniform for equal increments of heat, and wo determine by previous experiments 
the rate of expansion to which it is subject, and construct a fixed scale. Usually 
citljcr mercury or spirits of wine is employed. 

TJwrmv metrical Tahle^ by Dr. Alfred S. Taylor, F.B.S. — The accompanying ther- 
mometrical table by Dr. A. Taylor has been copied from a thermometer in his pos- 
session, graduated on the scales of Fahrenheit, E^umur, and Celsius, or the Centigrade, 
It has been designed to obviate the necessity for those perplexing calculations, so often 
rendered necessary by the use of different methods of graduation in England and on 
the Continent. In most chemical works, we find, besides the rules given for the convei- 
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CENTIGRADE. 


REAUMUR. 


EAHRENHEIT. 


Chlor, Cyanogen vol. 

Tin and lead, p. ft. m. t alio AUojr 18 T. 4 L. 

(Flumben' lolderl. 

Sat. sol. Chloride line boils. 


Alloy 4 T. 1 L. m. 

Oxalic ether, b. ro9. 
Sulphuric acid, I'G? boils. 

pt, steam, 10 at. 

Faranaphthaline, m., alloy 12 T. 4 L. melts. ISO 
Oil of arauges, b. 

Starch converted to dextrine. 

pr. steam, o at. 

Ilait. Tnrp. v. !i3*B. Sulphurie acid. 1*0) boils. 

Alloy 10 T. 4 L. m. 


Alloy e T. 4 L, m. 

pr. steam, 8 at. 

Alloy 8 T. 4 L. m. 

Alloy 7 T. 4 L. m. 170_ 
pr. sb 
Alloy 1 


E . steam, 7'.'i i 
jy 1 U. 3 T. m. 


pr. steam, 7 at. 


Alloy 8 B. 28 L. 3tT.m. 
Oilcleini.b. U'853. 


pr. steam, 6*5 at. 


pr. steam, l! at. 

If- 372 Zinc pulvcrisablc. 

" Arsenious add vol. ; fiallcvlous acid b. 

Fhenic or cariwlic acid boils. 

Bicblor, carbon, b. d. v. 4*7. 
pr. steam, ) 1 at. 

Fulminating mercury explodes. 

Alloy 15 T. 4 L. m. 

.8C2 Alloy 14 T. 4 L. m. 

Elttst. Tnrp. V, G()*8. 

Alloy 13 T. 4 L. m. Aniline boils. 

Parariaplitlialin or antliriiccne m. 

Arsenic vol. j sugar melts ; hydruret of licnzolc m. 
Suceinif ucid ntelts. 

Gun-cotton explodes. 

Alloy 8 D. 32 L. 24 T. m. ; Citrilene b. 0*88. 

^ Alloys r> T. 4 L.. and 11 T. 4 h. m. 

Sulpliurct solid ; iodine boils, d. v. 8*69. 

Alaiicacid m. 

Alloy B B, 33 L. 26 T. m. 

Oil of lemons boils, 0818. 

Oil of Cuscarillu b. 0*938. Sulphide Nitrogen cxidodcs. 

Caoutchoucinc boils. 

Elast. Turp. V. 47*3. 

Kakodyl b. 

Sut. acet. potash boils { cupion b. 

Alloy 6 T. 4 L. m. 

_832 AlloySB. 32 L.28T. m. 

Oxaic ttcld vol. t clast. Turp. V. 42*1. 

Alloy 8 B. 32 L. 30 T. m. 


Alloy 8 B. 32L.40 T.m 


Elost. A. V. 137*28. 

pr. steam, 6 at. Fusible alloy, R B. 32 1.. 36 *!'. m. i i.a_ 
Alloy8B.32L.34T.m.^^^ 

Blast. A. V. 131 *.57. 
Fulminating silver explodes. 

pr. steam, V5 at. 

Elait. A. V. 125*85. 

Elost. Turp. V. .33*5. 
pr. steam, 5 at. 

Blast. A. V. 120*03. 

Blast. Turp. r. SO. Sut. nit. lime boils. 

Sulphur burns tcei)ly. 

Blast. A. V. 114*1.5. 150- 
Terbromide Silicon, b. 

I. ralphuric acid, and I pt. water mixed t pr. steam, 4*5 at. 

Mastich resin, m. 

Alloy 8 B. 16 L. 18 T. in. 

Flaot- A. V. KH*)! ; Temp, of certain factories. 

Nicotine distils, 
pr. steam, 4 at. 

Blast. A. V. 102*45. 
Fulminating gold explodes. 

Alloy 6B. 16 L. 14X m. 


pr. steam. 3*5 at. 

Chlor. cyanogen, m. { B. Q, 1*32. jiq, 

Grape-sugar to Caramel. 
Blast. A. V. 90*99. 


Sit nit. ammonia boils. 

Fr.iteim,3at. 

FMe mMi at 1 BlMt A. V. 79*94. 


.322 Alloy 8 B. .32 B..WT. m. 

Naphtha boils i alloy 8 B. 26 L. 21 T. m., also 8 B, 32 1.. 32 T. 
Prussian blue di'i’oinposed. 

Alloy 8 B. 16 L. 21 T. m. 

OU of turpentine boils 0*86 j dens. V. 4*7. 

.312 Alloy 8 B. 16 L.22 T. m. 

Kinic acid m. 

Alloy 8 B. 20 h, 24 T. m. ; oil juniper b. 

I itjt ® ®* ^'* ^* *"• 

'lljHl' Beet, petroleum b. 

Carl.. pot. 

.302 ETHERIFICATION ends; latent heat ; ether vop. 

Alloy 8 B. 16 L. B T. m. ; camphilcne b. 86 j sugar of m il w. 

L. Asphaltum melts j camphor melts, d. v. 5*31. 

Zinc malleable. 

Alloy8B.16L. 12 T. m. 

L.2!)2Alloy8B.16L. 16 T. m. 

I- Gyiwum converted to plaster. 

|- Bulphurie acid, 1*52 b. 

Pyroxantliln m. 

[~ Blast A. V. 96*64. 

Tin and bismuth, p. as. melt ; succ. ucid vol. 

L „„„ pr. steam lo»;oni(>tivo imilers. 

^282 fcTUISBlFICATlON begins. 

Bichloride sulphur b. 

Cholesterine melts. 

[-* Blast. A. V. 85*4^. 

Oil black mustard b. i maleic acid m. 

h ^ Feuiyl b.0'86. 
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Chloride bcn;;ole m. 


•8yrup lat, boila, ' 

CpiToaivo BuhllmiUc volatilUed. 
Chloride offtrseiiie h. 


Phloridzinc solid. Alloy « B. 10 L. ft T. ni. 130^ 
Ctimiihoric tirid v. 
jir. stcum,2 jaL 

Blast. A. y. «!)72. 
Scbacic acid m. ; Blast, uleh. v. Ij.V2. 

Sut. mnr. aminoiiia boils. 

Sat. aect. soda boila. 

Pyromoconic acid m. 

Blast. A. V. C0-0&. 
pr. steam, 2 at. 

Cinnamic acid m. i caoutchouc melts. ^ 
Alloy 5 B. 1 L. 4 T. m. 

Sat. nil. soda boils. 

Sat. chlor. strontium boils. 

Blast. A. Y. irai. 

Syrup boils 86 per cent. ; chlor. calcium sat. boils. 

Sat. nit. potash boils ; Blast. A. V. 47‘2. 

Alloy 8 B. 8L. 4 T. m. 

Chloric ether, 1’227 boils ; pr. steam, l‘i at. 

Blast. A. V. 4.r24. 

Elocnc b. \ Blast, alch, v. M'l. 1 
riiloridzine m. 

Blast. A. V. 39*69, 

Alloy 8 B. 8 L. 3 T. ra. 

Oxalhydric acid. h. I'.l’.'i. 

Water ol the Dead Sea boils, 
sat. curb, eoda, chlor. of barium, aud clilorute potasli boil. 

.Siiliciiie m. i iiitrie acid, 1*16 h. 

Sat. chlor., calcium, borociu acid b. 

Mur, acid, 1*136 b. 

Syrup boils 62 pci cent. suEar. 

Chlor. aluminum boils ? water boils, bar. 31 213*76. 
dauber salt sat. boils. 

e. i. 1 pt. ice ; 4 sulphuric acid 5 pr. steam, 1 at. ^ 
I00ttirat32“r.i:»7*6,] 

Blast. A. V.-30 S. G. 026.1 Water boils bar. 29 in. 
Chloride 

W. B. EL SATTRE (between Dead Sea and Akabah.) 

COMAGILLAS. Mexican Sprinss, 

\\\ B. GAVARNIE, PYRENEE.S. 
Volcanic mud ; JDRULLO. S. AMERICA. 

Oxychloroeurl)0nic ether b. 

Blast, ether vap. 166 ; Blast. A. V. 2;PG4. 

W. B. MEXIl’O. 

7,471 ft. el. 

W. B. SANTA FE DE BOGOTA. 

8,730 ft. el. 1 

Water boils; CONVENT ST. BERNARD. 

9,734 It. el. 

W. B. FARM OF ANTISANA, Andes, 13,000 ft. d. 

„ Chloric ether b. 1*24. 

W. B. source of Oxus, CENTRAL ASU. 

(16,600 ft. elev.l 

Blast. A. V. 16*15. 

Geyser Sprinffs, Iceland. 

Blast. A. V. 14*2. 

Heat, of fluid, bees '-wax. 

Blast, alch. vap. ^ in. 8. G. 0*813. 


Blast. A. V. 71T0. 

MarKaritic acid : castor oil m. 

Blast, alch. V, 1 (•>()* I, 

, Syrup Imp Is mi iwr cent, sugar. 

^,262 Sat. tartrate iHitass boils. 

Sat. nitrate potass boils ; heat borne by Sir J. Banks and Dr. 

[Blagden. 

TTydrioilic acid boils 17 ; also hvdrobrom. acid, 1*5. 

Blast. A. V. 64*82 ; piimiric acid m. 

.*4at. acetate soda boils. 

Alloy8B.8L.6T. m. 

_252 Nitric acid 1*12 bolls. 

Blast, alch, V. 1.32’3 ; dlchl. carbon v. 

Benzoine melts ; Ilyd. occt. acid boils (Turner). 

Blast. A. V, 66*64. 

Heavy muriatic ether b. 

Blast, aieh. V. IIH'2. 

012 Alloy a 11, 8 L. 6 T. m. 

■“ l^tiiiiia m. 

Sulphuric acid 1*30 b. ; pyrogallic acid m. 

Veratrinc and bcnzainide m. 

Accumulated temp, of air, EDINBUIlGir. 

Acet, acid 1 *ih; 3 boils ; nit. acid 1*30 b. 

Kat. mur, ammonia l)oils. 

Syrup boils 84 per cent, sugar. 

o <>0 

" “ Sulphur melts, d. v. 6*66 ; benzoine m. 

Benzoic acid melts, d. v. 4*27. 

Siliciiic in. 

Zinc malleable ; beat borne by Dclaroehc. 

Sat. ehior. sod. lioils. 

Sat. chlor. pot. boils. 

Sat. nit. stroutia laiils. 

Sat. plios. soda boils. 

“‘^"1 '’61" h- s Blast. A. V, 36*26. 

Aeeijmiiluted temp, of air, GENEVA. 

AspbttltuDi soft ! iodine melts ; elast. ether V. 210. 

Phosphorns distils. 

Blast. A. V. :$:$*()() inches mercury ; grape-sugar m. 

Osmiu acid volatilised. Bulphocyunlc acid b. 
pSylvic acid tn. 

Water boils 1,0.64 ft.dcp, ; selenium melts ; water bolls, bar. .11. 
Water boils 328 dep.; W. B. DEAD SEA and SEA OF TIBE- 
212 Water boils bar. 30. • [RIAS. 

Water hoils 631 ft. elevation. 

Water boils 1.064 ft. elevation ; osmic acid melts. 

Water boils l,r>0() ft. elevation ; Reikiavilt spr. 

Water boils 2,i:w ft. elevation. 

Water boils 2,678 ft. elevation ; alloy 8 B. C L. 3 T. m. 

''Vater Ipoils 3,221 ft. elevation. 

W’ttter boils 3,766 ft. elevation. 

Water Ixiils 4,.'JI3 ft. elevation. 
piiiH Water boils 4 863 ft. elevation. 

— 202 Water boils 6,416 ft. elevation. 

Fusible metal . 8 B. 6 L. 3 T. m. ; chloral b. d. v. 5. 

Blast, alch. vaps. .63. 

W. B. St, Gothard, 6,807 ft. elevation. 




W. B. Mt, William, AUSTRALIA, 8.200 ft. el. 
Water boils at liiiito, 9.311 ft. el. 

Sodium melts ; Trlnehera springs, S. AMERICA, 

-192 AVater bolls summit of Etna, 10,955 ft. el. 

Blast, ether vap. 124*8 1 alch. vap. 43*2. 


li 


Alcohol b. 0*967, 26 per cent. 

Nitric acid 1 *622 boils ; alcohol b. 0*958, 30 pr. c. 
Ozokerite m. 

1.182 AVater boils Mont Blanc summit, 15,630 ft. el. 
Sau Germuiio Bath, NAPLES. 

Starch dissolves ; alch. b. 0*870, 71 per cent. 
AIX-LA-CHAPELLB, spr. max. t. 

J.atent lieat, petroleum vap., alio oil torp. 

— Benzole, or benzine, b. 

Alcohol boils 0*835, 85 per cent 

Thermal spr., I. LUCON. 

Alcohol bolls, 0*794, also 0*812. 94 per cent to 10Q« 
_172 Naphthaline melts. 
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BEAUMUR. 


PAIIRENITEIT. 


IM^h melti. 

fapoar-tttth,nNLANP. max. t 

Ferchlor. carbon vap. 

Belcnine m. 
tiait. A. V. 9'46 1 ether vap, 80'3. 

Btaroh oonvertcd to suear. 


Baden Baden Sprinss, max. t. 

CALPEE, INDIES, max, t. 
tAGNfiRES DE UJGDON.upr. 
Elait. A. V. 7‘4*, S. 0. 0‘17 ; ether vap. 67*6. 

Albumen opaline. 
Ela«t, A. V. G-87. 
Heat of fluidity spermaceti. 

Jleat of fluidity sulnluir. 
Vaiwur-bttth.lUJSSlA. 
Chloroform, b. d. v. 4‘2. 

Nitric acid (I'i) 58 pti. water, 12 pts. from 6(1". ( 
Mariana Sprlnss, S. AMERICA. 

Blast, ether, ^'ap. 51 '9. 

BARBARY, max. t. 
Abietic acid m. 

Ammonia 0'<J3fi b. 
Elawt. A. V. 4*2. 

OASIS OF MOURZOUK,max. t. 


Ilf 

m 


FEZZAN, AFRICA, max. t. 

. Tcrchlor. silicon, b. 

BAG NfcRES DE BlGOKKE, spr. . 

Amalgam 8 £■ S L. 2 T. and 3 mercury m. 50 — 
Concent, sulphuric acid evaporates. j 

Palmitic acid m. 

Ilamman Ali sprimrs, BARBAUY. 

PAMPAS, SOUTH AMERICA. 

CENTRAL AFRICA, s, t. ; BASSORA, max. t, 
PONDICHERRY, max. t. 
Chloronophthaleiie m. 

PHILCE, EGYPT, CAPE OF GOOD HOPE. max. t. 

Myrtle wax ra. 
SENEGAL,s.t. 
BAIlEGE.spr. 
MADRAS, CAIRO, max. t. 

Oumartok spriiiff, GREENLAND. 
Amyleiieb. GUADATAHIPE, max. t. 

PARIS 1793, EQUATOR, max. t. 

Eupion b. «l'fi5. 

OUANAXUATO MINES. I,7ti0 ft. deep. 7.034 ft. el. 

MEXICAN MINES, max. t. 
STAASBURG, VIENNA, max. t. «Han, min. t. 

TEXAS. 8. t. 
MARTINIQUE, max. t. 
S'rOCKH(»LM,max. t. 

Consol, mines, CORNWALL, 1.740 ft. 
COPENHAGEN. WARSAW, max. t. 

EAUX BONNES, Pyrenees, 
max, t. of SURINAM. 
ROCHAT.spr. 

CAIRO,*, t. , 

18. MALTA, EGYPT, m. s. t. 
PONDICHERRY, m. t. 
Schianaenljod Spu. 
CUMANA.m. t. 
BRAZaS. m. t. ( BARBARV, ra. 1. 1. 

CEYLON, SENEGAL, BATAVIA, m. t. 

MADRAS, m. t. 

CONGO, MANILLA, BENARES, HAVANNAH, in. t. 
BOMBAY, m, it PTALY, m. a. t. Date-tree, VERA CRUZ. 

Artarian veil (100 ft.), BRAZILS, JAMAICA, m. t. 

RIO JANEIRO, ra.t. 
CANTON, MACAO, ra.t. 
BAGDAD, m. t. 

« Aldehyde, b. i CARACGA8. CAIRO, m. U 


Sejrtflielles, max. t. 


jlgEthylic alcohol b. 

Blast, ether, vap, OS'S, aloh. b, 92 per cent. 0'317. 

Blast. A. V. 11'5. 

Phosphorus burns violently i ooetio ether b. 

Oil of cedar melts, Carlsbad Spa. 

, Elttst. A. V. in-4. 

P_lg2 IR'U-t of fluidity lead. 

Albumen eoa^ul. ; aeetie ether boils ; Pisciarelli sprinsrs, 
[SAFLES, 

Koebbrutmen. Wiesbaden, 
tftcaric acid melts. 

SeAM-UOATS- engine-room. IV. INDIIvS. 

, IlECLA, earth at siiuimit. 

|::.152 Thermal spr.. TAJ UHAU AND SIIOA. 

WTiifc wax melts ! Pyrox. siiirit Iwils. 

Wiesbaden Spa ; hydnod. etJier h, G. 1 93. 

I|H~ riombiercs spr, 

Ambererism. reroxide Clilor. explodes, 

Ischia springs, NAPLES ; Jx'uker spi . J,efl0 ft. el. 
Aix-la-C’haiielle Spa, 

..142 (’hloroform IkuIs. 

Yellow wax meltti. . Tr , 

Ammonia 0‘94 Injils : pyroxylic sp. b. n’S.32 ; clast. A, > . j'/4. 

Muriatic acid P19 bolls. 

UITER EGYPT, in a tent ; Arles spr, 

Elast. A. V.i-14. 

Margaric acid melts. 

Formic etlior b., S. G. !>ir». 

• 132 Acetone Iwils (pyroaectic spirit). 

Oleine boils. , . 

Potttssium melts ; vanoiu-bath ends. 

Berger in vaiwur-bath 13 min. 

Jorullo Rpringi, P. AMERICA j MYNPOOREE, max. t. 

7 Sands at S. lernando, S. AMERICA, ulr lol", ^ 

Stearic and oleic acids (mixed) melt, BLLBLls, LGI J T. 

I Mutton -suet melts : Cauterets spi'. 

’ -„Katukekaumcncil>r. 

Styracine m. 

- .Stcarinc and cctine melt ; myristie acid m. ; e’.iist. A. V. :!-3\ 

.. Bisulphide carbon 1). *r , 

' Bath springs, mux. t. ; Bupiiosed depHi 3,.'!. 0 i . *Urk. 

■ ■IM— Rromiiic lioil* i hot jiump at Bath, dens. Hr. 1 . 5 ’j4. 

Eras Spr. max. t. 

King’s bath at Batli s laurinc m. 

Sal-ammoniac Iwiils (rill. 

.112 Siierinacfti melts ; Muscat springs. 

*Duck, •gninea-fowl, *ravcn. 

♦Pigeon : PEKIN, mux. t. ; Vicliy spr. max. t. 

0. fowl ; Cross bath ut Bath. 

♦Birds, 108 ", nr. 

Cold-bloo<led animals die. . 

Temp, for incubation t elast. ether vap. 30mehcs. 

♦Sheep and pig, owl ; phosphorus melts. 

■, AO *A|ie, (log, gout ; artificial incubution. 

— ivi »Aiiimttls, man, max. t. j ox, iiibint cliild. 

♦Squirrel, rat. cat. jackul. panther. 

♦Bnt. l.ure. tiger, horse, depliaiit ; elast. A. V. 1 aC. 

Warm I'lilli ends, vapour-bath eomnieiiccs. 

♦Temp, mini, kite (birds). 

Blood-livat, hedgcliog, dormouse. 

/Tepid bath ends, warm Imth begins. 

\Ether boils 0734 ; dens, V. 2'5>. 

Oil of roses melts ; cococic ucid ni. 

90 PUTREFACTION rapid. Oldisilmoilm. 

’ VALENCIANA mine, MEXICO j GieneUe well, 1,794 ft. 
Elast. A. V. PJb : Poldice mine. 

Tnllow melU. 

ACETOUS FERMENTATION. 

PETEliSUliKti, max. t. ; oil mitmiTS m. ■ 

Kuisuveyeh, A.SI A MINOR. ft. el. 

Tepid bath begins, Cacao biilU rm. [Cy;?.;!' 

•Tortoise, Cornish mines, ilijxton Siia.DOLCOAlIl MINE, 
♦Seri»ent8, SEA EQUATOR, 837. 

. 82 Nitrous aeid 1*43 boils ; Buxton bath, ALGIERS, s. t. 
EQUATOR, m. t. Hli ; *o.vster, siiuil (Tropics), ^ 

Phuspliorus luminous in pure oxygen ; N ABLE,'', s, t> 

Prussic acid Iwils. 0*t)9. [El. A. I . I- 

Frog, slmrk, flying -fish, scorpion (Tropics). 

Insects, silk -worms hutclied, gcrminutiuu. i 
Bristol Spa. temp. wasp. 

MEXICAN MINES, iJiTiOft. deep : SYDNEY, s. t. 
Glowworm, cricket ( PRUSSIAN MINES, 880 It. 

Artesian well, GKENELLE, 1 JW) ft. deep. 

• 73m 0NKW£ABM0UTU MINE, i;^ft. doens 
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CENTIGRADE. 


REAUMUR. 


FAHRENHEIT. 


SANTA CRUZ, TENEBIFFE. 

Hypon. ether b.j iodine vaporised. 

Aidehyd. boils ; EUrt, A. V. 0781. 

Cotton-tree ; ALGIERS, rn. t. ofl |j| 

r.mpR’ Land. AUSTRAUi A, MALTA, tn. t. “ 

CAPE OF GOOD HOPE, FUNCHAL, m. t. 

Blast. A. V. 0-610. 
Cultivation of vine ends. 

ENGLAND, m. s. t.62-G. 
TOULON, m. t. 

V r. A. V. 0-.')2 ! ROME, NICE, m. t. 

JlhLMLLE I. (mnir. t.) NISMES. GENOA, LUCCA, in. t. 

PERPIGNAN, MONTPELIER, in. t. 
Waterford niiiies, "74 ft. dcp., MARSEILLE.S, m. t. 

LISBON, BOLOGNA, BORDEAUX. AIX, VENICE, in. t. 

LYONS, VERONA, MILAN, in. t. 

PAU, m. t. LOWER EGYP-T, w. t. 
AMSTERDAM, PEKIN. NEW YORK.m.t, 
NANTES, ST. MALO, in. t. 
MALTA, w. L; m. t. BRUSSELS. 

PENZANCE, m.t. 
Cultivation of vine begins, PARIS, LONDON, in. t. 1| i 
Elast. A.V.O-37,S.G.O-|. '' 

Salt mines CRACOW, 730 ft.; muriat'ui acid, 40 at Liti.l 
Sulpliur. hyd. 17 ut.; ammonia, fi'S at. j 
EDINBURGH, BERLIN, DUBLIN, m. t. 
INVERNESS, COPENHAGEN, in. t. 

COVE CORK, w. t.. m. t. TORONTO. 

MONT PERDU, PYRENEESJ1.265ft. cl. 

UPSAL, STOCKHOLM, QUEBEC, in. t. 
CANADA, m. t. Blast. A. V. 0-2(i:i. 
CHRISTIANIA, DRONTHEIM, m. t. 

Hybernation of animals. 
PETERSBURG, m. t.; Etna sum. 10,9.V) R. cl. 

KASAN, ni. t. 

POLAR SEAS. 360 ft. dce|». 
BERGEN, PADUA, COLUMBIA w. t. 
MOSCOW, m. t.; oils freeze. ALTON, NORWAY, in. t. 

Carbonic acid lit], 36 at., N.CAPE LAPLAND, LABRAIKIR. 

Elast. A. V, 0*2 inch, S. G. 
CUMBERLAND, HO. N. A. m. t. 

Eartli, YAKUTSK, 350 to 382 ft. dep. 
CHIMBORAZO, 18,500 ft. cl. 

MONT BLANC, 15^30 ft. 
HIMALAYAS, 18,000 ft. el. 
IRKUTSK, m.t. 
SIBERIA, m.t. -J 

Earth YAKUTSK, 77 ft. dep. -| 

AIR m.t. POLAR SEA. 

NOVA ZEMBLA, m. t., PORT ENTERPRISE, w. t. 

Auhyd. sulphurous acid boils. i,. 

Oil of turpentine freezes. 


Lowest natural temperature at YAKTTTSK, in Siberia. 
-72=84" lielow this settle. 


CENTIGRADE TO FAHRENHEIT. 


Water boils tn vacuo, *erab. , 

VINOUS FERMEkTATION, butyrtac melti, CA^O 
DURHAM COAL MINES, 900 ft. [WELL, 810 ft. deep. 
Cocoa-nut-oil liquid, Matlock bath, Grotto del Cone. 

CORDILLERAS. ANDES, m. t. 6,000 ft. el. ■ 

Matlock springs, CUMBERLAND COAL MINES, 600 ft. 
SAXON MINES, 1^46 ft. ; Bakewell springs. [mander, 
f MADEIRA, m. w. t.; air centre of Atl. waters or the Sea- 
\NAPLES, m. t. Temp, for sick rooms. 

. 02 DEEP MINES, EUROPE ; sea-bank of Agullas. 

PARAMATTA, N S. W. m. 1. 1 LEIEH8, w. t.; sea Azores. 
Fluoric acid boils, anbyd. chluruie liqfd. 4 at. 

Acetic acid cryst. ; Puy de DOme, 3,060 ft. 

CAIRO, w. t., MINES OF BRITTANY 500 ft., BERGEN, s.t. 
♦Trout, MEDITERRANEAN SEA, 8,000 ft. 

Vuucluse Fountain, ,360 ft. el. 

Artesian well VIENNA, 200 ft. • Ilanwell, 290 ft. 
t’amplior floats. Blast. A, V. o-4l. 

PIC DU MIDI, !i..')60 ft. ; JERSEY, m. t. 

Oil of aniseed solid, muriatic ether boils. 

CLERMONT, m. t. ; Columbia r. m. t. [begins. 

ITALY, m. w. t. ; VIENNA, m. t. 60-.'i ; PUTREFACTION 
Liq. ammoii. boils. Sat. at. 32 ; STRASBURGjn. t. 
WARSAW. BERNE, m, t. [PRAGUE, GENEVA, m. t. 
TENEKIFFE PEAK. 12.072 ft. el. 

ZURICH, GOTTINGEN, LABRADOR, s. t. 

Sulphurous acid liqfd. 2 at. ; protox. nit. 50 at. ; Cyonoiten, 30 
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SEA EQUATOR, 2,400 ft. deep. l!ttt. 

DEEP SEA, common springs, IIASTINGS, w. t. 

LAKE OF GENEVA. 1,000 ft. deep ; ROME, w. t. 

LAKE LUCERNE. O.'iO ft. deep ; *bectle, PAU, w. t. 

St. a<dd freezes ; CARPATU. MOUNTAINS ; mercuiy evap. 
CAPE HORN SURFACE OF SEA; max. density of water. 
EDINBURGH, w.t. ENGLAND, m. w. t. 37-8. [w.t. 

Alcohol boils ill vacuo; NOVA ZEMBLA. s.t., SHETLAND, 
Fixed oils freeze ; SOUTH SEA, 12,420 ft. deep. 

CAPE HORN 8EA,5,l(K)ft.(leep. 

Mount Argauis. ASIA MINOR, 10,300 ft. el. 

ICE, chlor. wr. freezes, sc, ad. 3rd, hydr. treezcR. 

POliAR SEA, 2,300 ft. deep ; earth YAKUTSK, 382 ft. deep. 
Milk freezes. 

CARTHAGENA, SPAIN, w. t. 

Suit water freezes. 1*026 ; vinegar freezes ; formic acid ftcczcs. 
Earth YAKUTSK, 217 1't. deep. 

JUNGFRAU, summit. 12.72.5 ft. 

lllood treezes, eartli YAKUTSK, 119 ft. deep. 

Elaiii frwzes, IlECLA lAir) at summit, 5,110 ft. el. 

Oil bergamot freezes, 

Kakodyi solid. 

* )il cinnamon freezes, oleic acid (castor oil) fitezes. 

Wine freezes. 

Earth YAKUTSK, 50 ft. dep. 


GULF BOTHNIA AIR, in. W.t.; Great Bear Lake, m.t. 
m above PARIS (at surliice 87";. 


AIR 23,000 ft. elevation a 


Above Ice. 
Cx 1-8+32 


Between Ice and Zero. 
32 (Ck1'8) 

Below Zero. 

Cxl‘8-32 


Salt water ftreezes, I-IM, 

12 RUSSIA, in. w. t. 

Prussic acid cryst. 0-69 S. 0. 

ALTEN, NORWAY, w. t. 

N. POLE, m. 1. 13 below zero (calc). 

I Mercury tVeczes. \ 40" below zero, m. w. t. at NOVA 
Ether boils in vacuo. / ZEMBLA and YAKUTSK. 
Carbonic acid freezes 148" below zero. 

Lowest urtilicial cold obtained by Natterer, -220° Falir. 

FAHRENHEIT TO CENTIGRADE. 


Above Ice. 
F-32 
l'« 


Between Tee and Zero 
32-F 
1-8 

Below Zero. 

F+32 

1-8 


ABBREVIATIONS. 

jn. melts, m. t. mean temperature, w. winter, s. summer, at. atmosphere, b. boils, v. volatlliiad. lii}. liquid, 
liqid. liquefied. Ad. acid. mox. maximum, min. minimum. Sol. solution. W. B. water boils. El. elevation. In 
reference to fusible alloys : B. bismuth. T. tin. L. lead. jir. pressure, dep. depression. I. Island. Vapr. Vapour. 
Elast. elasticity. Fluid, Fluidity, Alcli. Alcohol, Turp. Turpentine, dens, density. In regard to places meau temp, 
is implied where not expressly stated, r. river, spr. spriiij;. ft. freezes. A. V. Aqueous vapour, d. v. density of Tftpour, 
6. G. specific gravity. The Elasticity ot Vapours is given in inches of Mercury. 


TEMPERATURES ABOVE THE SCALE. 

Tiu and Cadmium m. 442°. Tempered steel (straw colour) 460’. Siilphc. ad. 178 b. 467°. Bismuth m. 476o. Tempered Steel 
(brown) 500". Fixed oils b. 530°. Tempered steeUred and purple) 650°. The same (blue) 600°. Lead m. 612°. Solpiio. 
fld. 1*85 b. 648°. Mercury b. 662 =. Zinc m. 680°. Gunpowder explodes 700°. Antimony m. 810°. Red heat OBO<>. Flint 
glass ni. 1000°. Heat ofcommon fire 1141°, Brass m. 1869°. Silver m. 1873°. Copper m. 1996°. Gold m. k016°r Cut 
iron 2786°. Pure iron and plaliua m. 3280°. Wind ftirnace white heat 3300°. 

Voi. III. 3 S 
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sion of the degrees of one scale into those of another, comparative tables, which how- 
ever, convey no information beyond the bare fact of the correspondence of certain 
degrees. In this table, the attempt has been made to make it convey information on 
numerous interesting points, connected with temperature in relation to climatology, 
physical geography, chemistry, and physiology. 

There is another advantage which a table of this kind must possess over those 
hitherto published in works on chemistry. In the latter, the degrees on one scale 
only run in arithmetical progression, while the corresponding degrees on the other 
scale are necessarily given in fractional or decimal parts, and at unequal intervals. 
Thus, in some of the best works on chemistry, a comparative table is printed, which 
is only fitted for the conversion of the Centigrade into Fahrenlieit degrees, so that a 
person wishing to convert the Palirenheit into Centigrade degrees, would have to 
revert to one of the old formula of conversion. This process must also be adopted 
whenever the Centigrade degrees are given in decimal parts, for many of tlie tables 
published in English works wrongly assume that the Centigrade degrees are always 
given in whole numbers. The present table renders such calculations unnecessary, 
since the value of any degree, or of any part of a degree on one scale, is immediately 
found on the other, by looking at the degree in a p.'irallol line with it. The main 
divisions will, it is believed, be found perfectly accurate. In single degrees a little 
inequality may be occasionally detected; but the error has not been found to be such 
fis to affect the calculated temperature. 

Although the Eahrenheit and Centigrade scales are the two which are chiefly 
used in Europe, it has been thought advisable to carry out the parallel dogroes of 
Ileaumur’s scale, by dots on the drawing of the tube. This tiible, therefore, com- 
prises in itself six distinct tables, assuming the necessity for each scale to be repre- 
sented in whole degrees, with the additional advantjiges: 1st, that the space occupied 
is smaller ; and 2nd, the value of any fractional part of a dogreci on one may be at 
once determined on the other two scales. 

It is extraordinary, considering the great advances which have been recently made 
in physical science, and in the manufacture of philosophical instruments, that the 
makers of thermometers should still adhere to the old and absurd practice of mark- 
ing on the Fahrenheit scale, the unmeaning words Temperate, *Siimmer-hcat, Blood- 
heat, Fever-heat, Spirits boil, &c., W’hen the instnimeiit might be easily made to 
convey a large amount of information in respect to climate, as it is dependent on 
temperature. 

It will lie seen that the table here published ranges from 12° to 374° Fahrenheit., 
from — 11° to + 190 Centigrade, and from — 9° to -f- 152° ll^aumur. 

It w’ill be only necessary to state generally those facts wdiich the table is intended 
to illustrate. They will be found arranged opposite to their respective degrees, eitln r 
on the Centigrade or Falirenheit side, according to the space afforded. 

TiiO facts connected with temperature placed on the scale may be arranged under 
the lieads of Climatology, Physical Geography, Chemistr>\ and Physiology. 

Climatology. 1. Tho mean temperatures of the principal countries, towuis, and 
cities in the world, with the maxima and minima, as well as the moan summer and 
winter temperature of some of tli(i most important localities. 

2. The maximum degrees of heat and the minimum di*grees of cold observed on 
the surface of the globe, including the accumulated temperatures of air at Edinburgh 
and Geneva. 

Physical Geography. 1. The temperature ot the atmosphere, as observed on the 
summits of tho j^rincipal mountains of the Old and New^ World, w'ith the respective 
elevations atUiched ; at the sea-level in various latitudes, from the Arctic to t he 
Antarctic Seas, as well as in deep mines and other excavations in Europe and America. 

2. The temperature of the ocean at the surface, and at various depths to 12,420 feet, 
including the temperature of the Polar Seas, of tho Mediterranean, Atlantic and 
Pacific, with the temperature of the Gulf Stream. 

3. The temperature of the winters of lakes and rivers at various depths, w’ith tho 
respective fathomings attached. 

4. The temperature of the strata of the earth at various depths, observed in some 
of the deepest mines in the Old and New World. 

6. The temperature of tho water raised in Artesian wells in Imrope from depths 
varying from 250 to 1,794 feet. 

6. lie temperature of the principal thermal springs and baths observed in Europe, 
Africa, the West Indies, and South America. 

7. The temperature at W’hich water boils at all the elevated and inhabited spots in 
the world, including the summits of the mountains of Switzerland, South America, and 
Central Asia ; the boiling point for all elevations up to 6,415 feet, and for 1,054 feet 
depression below tho level of the sea. 
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Chemistry. 1. The evaporating, boiling, fusing, molting, subliming, and congaaling 
;^K)ints of the principal solids and liquids in chemistry, from 12° to 374° Fahrenheit, 
from — 11° to + 190° Centigrade and from — 9 to + 162° Rdaumur, including the 
boiling points of the saturated solutions of numerous salts, and the melting points of 
a large number of alloys. 

2. The temperature for fermentation of various kinds, malting, putrefaction, etheri- 
fication, and other chemical processes. 

3. The boiling points of alcohol and acids of various specific gravities, with the 
respective densities of their vapours. 

4. The pressure or elastic force of the vapour of water, alcohol, oil of turpentine, 
and ether, at various temperatures. 

6. The temperatures, with the corresponding pressures, required for the liquefaction 
of the gases. 

6. The temperature for the explosion and ignition of fulminating and combustible 
substances. 

Physiology. 1. The maximum degrees of natural and artificial heat, and minimum 
degrees of cold, borne by man and animals. 

2. The temperature of the body in man, mammalia, birds, reptiles, fishes, nnd 
insects. 

3. The temperature at which hybernation takes place in certain animals. 

4. The temperature for the germination of seeds, incubation, the artificial hatching 
of the ova of birds, fishes, and insects. 

5. The temperature for the growth of the sugar-cane, date, indigo, cotton-tree, and 
for the cultivation of the vine. 

(). The temperature for warm, tepid, and vapour-baths ; the vapour-baths of Russia 
and Finland. 

Thermomktkr, Self -registering^ hy Photography. The first person who in,, this 
country proposed to apply photography, and actually did apply it, as a means of 
registering the movements of the mercury in the thermometer and barometer, and 
iilso for registering the variations in the magnetic intensity, was Mr. Thomas B, 
Jordan, at that time Secretary to the Royal Cornwall Polytechnic Society. The 
results of this gentleman’s methods and the description of his plans will be found 
in the Sixth Annual Report of the Royal Cornwall Polytechnic Society for 1838, 

Mr. Ronalds, of the Kew Observatory, also devised an arrangement for employing 
photography as the means of registering meteorological inventions, and subsequently 
Mr. Charles Brooke perfected a method wliich is now generally adopted. 

TBSRMOSTAT is the name of an apparatus for regulating temperature, in 
vaporisation, distillations, heating baths or hothouses, and ventilating apartments, 
&c. ; for which Dr, Ure obtained a patent in the year 1831. It was, in fact, a diffe- 
rential thermometer, similar in construction to Brady’s metallic thermometer, 

TBZiLXiBZKrE. C'-H'^NS* (C«K»>WS*). A curious alkaloid, formed by the 
action of sulphuretted hydrogen on aldehyde ammonia. 

TBZSVSS* vnO'BGAB. (Xc Vinaigre clcs quatre Voleurs^ Fr.) See Aromatic 
Vinegar. 

THIMBLE* (Dc a coudre^ Fr.; Fmgerhut {Jingerhat)^ Ger ) This is a small trun- 
cated metallic cone, deviating little from a cylinder, smooth within, symmetrically 
pitted on the outside with numerous rows of indentations, which is put upon the tip of 
the middle finger of the right hand, to enable it to push the needle readily and safely 
through cloth or leather, in the act of sewing. This little instrument is fashioned in 
two ways : either with a pitted round end, or without one ; the latter, called the open 
thimble, being employed by tailors, upholsterers, and, generally speaking, by needle- 
men. The following ingenious process for making this essential implement, the con- 
trivance of MM. Rouy and Berthier, of Paris, has been much celebrated, and very suc- 
cessful. Sheet-iron, one twenty -fourth of an inch thick, is cut into strips, of dimensions 
suited to the size of the intended thimbles. These strips are passed under a punch- 
press, whereby they are cut into disks of about 2 inches diameter, tagged tc^ether by 
a tail. Each strip contains one dozen of these blanks. A child is employed to make 
them red-hot, and to lay them on a mandril nicely fitted to their size. The workman 
now strikes the middle of each with a round-fac^ punch, about the thickness of his 
finger, and thus sinks it into the concavity of the first mandril. He then transfers 
it successively to another mandril, which has five hollows of successively increasing 
depth ; and, by striking it into them, brings it to the proper shape. 

A second workman takes this rude thimble, sticks it in the chuck of his lathe, in 
order to polish it within, then turns it outside, marks the circles for the gold omanient, 
and indents the pits most cleverly with a kind of milling tool. The thimbles a>e 
next annealed, brightened, and gilt inside, with a very thin cone of gold-leaf, whidi 
is firmly united to the surface of the iron, simply by the strong pressure of a smooth 

3s2 
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steel mandril. A gold fillet is applied to the outside, in an anniilar space turned to 
receire it, being fixed by pressure at the edges, into a minute groove formed on the 
lathe. 

Thimbles are made in tliis country by means of moulds in the stamping machine. 
See STiHPiNO OF Metals. 

TKOJtmK or TKOKXVM. A rare metal, discovered in 1828 by Berzelius 
in the Norwegian mineral thorite^ which contains about 57 per cent, of thorina, the 
oxide of this metal, and where it is associated with the oxide of iron, lead, manganese, 
tin, and uranium, besides earths and alkalis. None of the compounds of thorinum 
find any use in the arts. 

TSntBJLS MAXnrFACTintS. The doubling and twisting of cotton or linen 
yam into a compact thread for weaving bobbin-net, or for sewing garments, is 
performed by a machine resembling the throstle of the cotton -spinner. Fig. 1976 
shows the thread-frame in a transverse section, perpendicular to its length, a, is the 
strong framing of cast iron ; 5, is the creel, or shelf, in which the bobbins of yarn 2, /, 
are set loosely upon their respective skewers, along the whole line of the m<achine, 



thoir lower ends turning in oiled steps, and their upper in wire-eyes ; r, is a glass rod 
across which the yarn runs as it is unwound ; d, d, are oblong narrow troughs, lined 
with lead and filled with water, for moistening the thread during its torsion ; the 
threads being made to pass through eyes at the bottom of the fork c, which has an 
upright stem for lifting it out without wetting the fingers, when anything goes amiss ; 
/,/, are the pressing rollers, the under one g, being of smooth iron, and the upper one 
A, of boxwo^; the former extends from^ end to end of the frame, in lengths com- 
prehending eighteen threads, which are joined by square pieces, as in the drawing- 
xollers of the mule-jenny. The necks of the under rollers are supported at the ends 
uiidthe middle, by the standards i. secured to square buses y, both made of cast iron. 
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The upper cylinder has an iron axis, and is formed of as many rollers as there arfil 
threads ; each roller being kept in its place upon the lower one "by the guides Ar, whoeo' 
vertical slots receive the ends of the axis. 

The yarn delivered by the bobbin glides over the rod c, and descends into the 
trough d e, where it gets wetted ; on emerging, it goes along the bottom of the roller 
g, turns up so as to pass between it and then turns round the top of A, and finally 
proceeds obliquely downwards, to bo wound upon the bobbin r/t, after traversing the 
guide-oye w. These guides are fixed to the end of a plate which may be turned up 
by a hinge-joint at o, to make room for the bobbins to be changed. 

There are three distinct simultaneous movements to be considered in this machine : 
1 , that of the rollers, or rjither of the under roller, for the upper one revolves merely 
!»y friction; 2, that of the spindles w, 3, the up-and-down motion of the bobbins 
upon tlio spindles. 

The lirst of these motions is produced by means of toothed wheels, upon the right 
hand of the under set of rollers. The second motion, that of the spindles, is effected 
by th(3 drum which extends the whole length of the frame, turning upon the shaft 
'i\ and communicating its rotatory movement (derived from the steam-pulley) to the 
whorl h' of the spindles, by means of the endless band or cord a\ Each of these 
cords turns four spindles, two upon each side of the frame. They are kept in a 
proper state of tension by the weights c', which act tangentially upon the circular 
arc d , fixed to the extremity of the bell-crank lever c' f g\ and draw in a horizontal 
direction the tension pulleys 7i, embraced by the cords. The third movement, or the 
vertical traverse of the bobbins, along the spindles m, takes place as follows : — 

The end of one of the under rollers carries a pinion, which takes into a carrier 
wheel that communicates motion to a pinion upon the extremity of the shaft of the 
heart-shaped pulley n'. As this excentric revolves, it gives a reciprocating motion to 
the levers o\ o\ which os<'illato in a vertical plane round the points The 

extremities of those levers on either side act by means of the links upon the arms 
of the sliding sockets r', and cause the vertical rod to slide up and down in guide- 
holes at n\ along with the cast-iron step i/, which bears the bottom washer of the 
bol>l)ins. The periphery of the heart-wheel u\ is seen to bear upon friction wheels 

x\ set in frames adjusted by screws upon the lower end of the bent levers, at such 
a distance from the as that the traverse of the bobbins may bo equal to the 

length of their barrel. 

Hy adapting change pinions and their corresponding wdioels to the rollers, the 
delivery of the yarn may be increased or diminished in any degree, so as to vary the 
degree of twist put into it by the uniform rotation of the drum find spindles. The 
heart-motion being derived from that of the rollers, will necessarily vary with it. 

Silk thread is commonly twisted in lengths of from 50 to 100 feet, with hand reels, 
somewhat similar to those employed for making ropes by hand. 

TBXTYA OCCXDEXrTAUS. A coniferous tree, from which is obtained a 
yellow bod\‘, Thuyin, which is probably identical with Quercitrin, 

TIXiE ORE. {Ziegelerz, Ger.) An earthy variety of red oxide of copper. 

TZEES. Tile-manufacture is a very comprehensive tt rm, embracing the following 
varieties: — Paving bricks or tiles, oven-tiles, foot tiles, phiin tiles, pan tiles, hip tiles, 
ritlgo tiles, circulars, drain tiles, &c. 

'I'lie clay used for making tiles is purer and stronger than that used for making 
bricks. A^ien tho clay is loo strong, that is, too adhesive, it is mixed with sand 
b(?fore passing it through tho pug-mill. As a usual practice tho clay is weathered; 
this is effected by spreading it out in layers of about two inches in thickness during 
the winter, and each layer is allow^ed the benefit of at least one night’s frost before the 
suec(;eding layer is put over it. This weathering is sometimes effected by exposing 
the lay^ers to sunshine, which is said to answer equally well with frost. What this 
weathering does is by no means clear: it is said ‘to open the pores of the clay,* 
"Wti believe that what really takes place is, that under the influences to which it is 
exposed, the pirticles break up into smaller particles, and that wo have the clay in a 
more finely comminuted state. The next process is that of tempering. After the 
clay lias been allowed to ‘mellow, or ripen,’ in pits, under water, it is passed through 
the pug mill and well kneaded or tempered. It is then slung y that is, cut into slicea 
with a string ; during which process the stones fall out, or are removed by the hand ; 
it is tlien ready for tJie operation of moulding. This may bo performed by hand^ or. 
by any one of tho many machines which have been devised. 

Fig, 1977 shows Mr. Hunt’s machine for making tiles. It consists of two iron 
cylind(U’s, round which webs or bands of cloth revolve, whereby the clay is pressed 
into a slab of uniform thickness, without adhering to the cylinders. It is then .earned 
over a covered wheel, curved on the rim, which gives the tile the semi-cylindrical or. 
Other required form ; after w'hich the tiles are polished and finished bj 
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through three iron moulds of a horso-shoe form, as shown in the centre of the cut, 
while they are at the same time moistened from a water cylinder placed above them. 



The tiles are next cut off to such lengths as arc wanted, and carried away by an end- 
less web, whence they are transferred by boys to the drying shelves. 

Flat tiles, for sole pieces to draining tiles, are formed in nearly the same manner, 
being divided into two portions while passing through the moulds; the quantity of 
clay used for one draining tile being as much as for two soles. 

By hand, the work is divided between a moulder and a rough moulder. The latter, 
a boy, takes a piece of clay and squares it up, that is, beats it up into a slab nearly 
the shape of the mould, and about 4 inches thick, from which he cuts olf a thin slice 
the size of a tile, and passes it to the moulder. The moulder sands his stock-board, 
and, regulating the thickness of the tile by four pegs, on which the mould is placed, 
he puts the piece of clay with which he is supplied into the mould ; ho then smooths 



the surface with his veiy wet hands, removes the superfluous clay, and moulds 
it into a curved shape. They are then placed to dry, with the convex side upper- 
most ; when half-d^ the tiles are taken out one by one. placed on the thimcking 
frame, and beaten with the thwacker to produce the required shape ; when dry they 

are kilned. 

The following plan of a furnace, or kiln, for burning tiles has bc^ ii found very 
convenient : — 

¥ig, 1978, front view, a a, n n, the solid walls of the furnace ; a a «, ()})enings to the 
ash-pit, and the draught-hole b b h, openings for the supply of fuel, furnished with 
a sheet-iron door. Fig. 1979, plan of the ash-pits and air-channels c c c. The prin- 
cipal branch of the ash-pit n u u, is also the opening for taking out the tiles, aftei’ 
removing the grate ; e, the smoko-flue. Fig. 1980, plan of the kiln seen from above. 
The grates, h h h. The tiles to be tired are arranged upon the spaces /./’//. 

Of late years the manufacture of encaustic tiles and tesserae for tessebited pavements 
has been greatly improved by Messrs. Minton of Stoke-upon-Trent, and Messrs. Maw 
and Co. of Broseley in Shropshire. The production of such tiles l)y Prosser’s patent is 
fo lly de scribed under J^catjstic Tiles. 

TI&T nra OT STBXIi. See Steel. 

Tlfl. Fr. ; Zinn, Ger.) Symb. Sn ; At. wt. 118 . This metal, in its pure 

rtate, has nearly the colour and lustre of silver. In hardness it is intermediate 
between gold and lead ; it is veiy malleable, and may be laminated into foil less than 
the ^usandth of an inch in thickness ; it has an unpleasant taste, and exhales on 
friction a peculiar odour ; it is flexible in rods or straps of considerable strength, 
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and emits in the act of bending a crackling sound, called the ‘creaking of tin/ as if 
sandy particles were intermixeil. A small quantity of lead, or other metal, deprives 
it of this characteristic quality. Tin melts at 442-^ Fahr., and is veiy fixed m the 
fire at higher heats. Its specific ^avity is 7*29. When heated to redness with free 
access of air, it absorbs oxygen with rapidity, and changes first into a pulverulent 
grey oxide, and by longer ignition into a yellow-white powder, called of tin.* 

This is the peroxide, consisting of 100 parts of metal and 27*2 of oxygon. 

Tin has been known from the most remote antiquity. It is probably mentioned 
in tile Books of Moses ; and the ships of Tarshish appear to have brought this metal 
from islands eastwanl of the Persian Gulf. The Phamicians carried on a lucmtive 
trade in it with Spain and Cornwall. 

The earliest navigators appe^ar to have taken tin from the east and from the west 
to supply the wants of Egypt and of Greece. That the Phojnicians, with whom, in 
those days, the maritime trade of tlie -wtadd rt^sted, collected tin from our own islands 
is certain ; at the same time it is highly probable thattlie Indian islands were another 
source from which they obteiried this metal in considerable quantities. 

' Kassitcros' says Humboldt, ‘is the ancient Indian Sanskrit word Kasfira; Ziun 
in German, Den in Icelandic, I'm in English, and Timu in Swedish, is in the Malay 
and Javanese language Timah, a similarity of sound which reminds us of that of the 
old German word G-lessum- (the namo given to transparent amber) to the modern 
Glas, glass. The names of articles of commerce pass from nation to nation, and 
become adopted into the inosb dilForent languages. Through the intercourse which 
the Phoenicians, by moans of their factories in tlic Persian Gulf, maintained with the 
east cofist of India, the Sanskrit word Kastira beciinie known to the Greeks, oven 
before Albion and the British Cassiterides had been visited.’ 

The Cassiterides, or Tin Islands, have been supposed to be, by some, the Islands 
of Scilly. This idea has been far too hastily adopted, seeing that the Scilly Islands 
producer no tin. In all probability this name was given by the Phoenicians to the 
whole of the western promontory of Cornwall, the only part of this country with 
which they were acquainted, the name being without doubt derived from the Kassi- 
icros of the East. 

There are only two ores of tin: tlie peroxide, tin-sb>no, or Cassiterite ; and tin 
pyrites, sulphide of tin, or S/auninc ; the former of wliicli alone has been found in 
sufficient abundance for metallurgic purposes. Tlie external aspect of tin-stone has 
nothing very remarkable. It occurs sometimes in twin crystals ; its lustre is ada- 
mantine ; its colours are very various, as wdiite, grey, yellow, rod, brown, black ; 
specific gnivity, 6'9 at least ; wliich is, perhaps, its most striking feature. It does 
not melt hy itself before the blowpipe, but is reducilde in the smoky flame or on 
charcoal. It is insoluble in acids. It has .somewhat of a greasy aspect, and strikes 
fire with steel. 

This ore has been found in but a few countries in a workable quantity. Its principal 
localities are, Cornwall, Bohemia, and Saxony, in Europe ; and Malacca, Banca, and Bil- 
liton, in Asia, and Australia. The tin mines of the Malay Peninsula lie between the 
10th and 6th degrees of south hititmle. The mines in the island of Banca, to the east 
of Sumatra, were discovered in 1710. Small quantities occur in Galicia in Spain, the 
department of Hauto-Vienno in France, and in the mountain-chains of the Fichtel. 
and Eicsengebirgo in Germany. The columnar pieces of pyramidal tin-ore from 
Mexico and Chile are found in the alluvial deposits. A'ast deposits of tin-stone have 
recently been discovered in Queensland and New South Wales, where the stream-tin 
is now i)eing actively worked. It has also been found at Mt)uut Bischoff in Tasmania. 
Some tin has been recently worked in Peru (1874). 

The county of Cornwall is the most important mineral district of the United 
Kingdom for the number of its metalliferous minerals, many of which are not found 
in any otiicr part of the i.slaucl. At a veiy early period of our histoiT’ mines were 
worked ai’ound the sea-coasts of Ctaniwall : of which the eviclimces are still to be seen 
at Tol-podden-Penwith, near the Landes End ; in Gwennap, near Truro ; and at Cadg- 
with, near the Liz^ird Point. The traditionary statements, that the Phoenicians traded 
for tin with the Britons in Cornwall, arc very fairly supported by corroborative facts ; 
and it is not improbable that the Ictes, or Iktis, of the ancients was St. Michael’s Mount, 
near Penzance, and other similar islands on the coast. 

In the reign of King John the mines of the western portion of England appear to 
have been principally in the hands of the Jews. The modes of working must have 
been very crude, and their meta,llnrgical processes exceedingly rough. From time to 
time remains of furnaces, called Jews' houses, have been discovered, and small blocks 
of tin, known as Jews' tint have not unfrequently been found in the mining localities. 

Till a comparatively recent cbite, tin was the only metal which was sought for ; and in 
many cases the mines were abandoned when the minors came to the ^eDows,* that was 
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the yellow sulphide of copper. A great quantity of tin has been produced by ‘ stream- 
ing’ (as washing the dihris in the valleys is termed); and this variety, called ‘ stream- 
tin,’ produces the highest price in the market. Very little stream-tin is now obtained. 

The Cornish ores occur — 1, in small strata or veins, or in masses; 2, in congeries 
of small veins ; 3, in large veins; and 4, disseminated in alluvial deposits, as described. 

The stanniferous small veins, or thin flat masses, though of small extent, are some- 
times very numerous, interposed between certain rocks, parallel to their beds, and are 
commonly called tin-floors. In the mine of Bottalack a tin-floor has been found in the 
killas (a schistose rock), thirty-six fathoms below the level of the sea ; it is about a 
foot and a half thick, and occupies the space between a principal vein and its ramifi- 
cation ; but there seems to bo no connection between the/onr and the great vein. 

2. StockwerkSj as the Germans term the disseminated masses, occur in granite and 
in the felspar porphyry, called in Cornwall dvan. Tlio most remarkable of these, in 
the granite, is at the tin-mine of Carclase, near 8t. Austell. The works are carried 
on in the open air, in a friable granite, containing felspar — kaolin, or china-clay, 
which is traversed by a great many small veins, composed of tourmaline, quartz, and 
a little tin-stone, that form black delineations on the face of the light-grey granite. 
The thickness of these little veins rarely exceeds C inches, including the adhering 
solidified granite, and is occasionally much less. iSomo of them mn nearly east and 
west, with an almost vertical dip ; others, with the same direction, incline to the south 
at an angle wdth the horizon of 70 degrees. 

Stanniferous masses are much more frequent in the cl van (porphyry) ; of which 
the mine of Trewidden is a remarkable example. It was worked among flattened 
masses of elvan. separated by strata of killas, which dip to the east-north-east at a 
considerable angle. The tin ore occurred in small veins, varying in thickness from 
half an inch to 8 or 9 inches, which wore irregular, and so much interrupted that it 
was difficult to determine cither their direction or their inclination. 

3. The large and propc-r metalliferous veins are not equally distributed over the 
surface of Cornwall and the adjoining part of Devonshire ; but are grouped into three 
districts; namely, 1, In the south-west of Cornwall, beyond Truro; 2, In the neigh- 
bourhood of St. Austell; and 3, In the neighbourhood of Dartmoor in Devonshire. 

The first group is by fur the richest and the best explored. The groat tin-veina 
are the most ancient metalliferous veins in Cornwall ; yet they arcs not all of one 
formation, but belong to two or more different systems. Their direction is, however, 
nearly the same, but some of them dip towards tho north, and others towards the 
south. It was formerly thought by the Cornish miners that tin occurred in tho upper 
portions of tho mineral lodes only, and mines wore abandoned, when in sinking tho 
miners came to the * yellows ’ — copper pyrites, which were said ‘ to liave cut out the 
tin.’ Within the last few years, however, tin has been found at very great depths 
below the surflice and bemsath the copper. Dolcoalli Mine is a very remarkable 
example of this. This mine was first worked as a tin mine for a very long period ; 
then as a copper mine for half a eenturj' ; and then, upon persevering in depth, the lode 
was found to become more and more rich in tin, which is now worked to great advan- 
tage. Other mines in the same locality have presented similar conditions. 

At Trevaunnnee Mine tho two systems of tin-veins are, both, intersected by the 
oldest of the copper-veins ; indicating tho prior existence of the tin-veins. In fiq. 

1981 1981, l> marks the first system of tin- veins; c the 

second; and d the east and west copper-veins. 
Some of these tin-veins, as at Poldice, have been 
traced over an extent of two miles ; and they vary 
in thickness from a small fraction of an inch to 
several feet, the average width being from 2 to 4 
feet; though this does not continue uniform for 
any length, as theso veins arci subject to con- 
tinual narrowings and expansions. Tho gangno 
is quartz, chlorite, tourmaline, and sometimes 
«lecomposed granite and fluor-spar. 

4. Alluvial tin ore, Stream-tin. — Peroxide of tin occurs disseminated both in tlio 
alluvium which covers the gentle slopes of the hills adjoining tho rich tin mines, and 
also in the alluvium which fills the valleys that wind round their base ; and in theso 
dejwsits the tin-stone has been so abundant that for centuries the whole of the tin of 
Cornwall was derived from them ; and it is still so to some extent. The most 
important explorations of alluvial tin ore are grouped in the environs of St. J ust and 
St. Austell, where they are called stream-works, because water is tho principal agent 
employed to separate the metallic oxide from the sand and gravel. 

Ilie most extensive and productive stream-works were formerly those of Pentewan, 
near St. Austell, 
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Fig, 1982 represents a rertical section of the Pentewan deposit, taken from the 
stream-work Happy Unions long since abandoned. A vast excavation, b, t, tj, a, has 
been hollowed out in the open air, in quest of the alluvial tin ore T, which occurs here at 
an unusual depth, below the level of the strata r, 5. Before getting at this deposit, 
several successive layers had to be sunk through, namely, 1, 2, 3, the gravel, containing 
in its middle a band of ochreous earth, 2, or ferruginous clay ; 4, a black peat, perfectly 
combustible, of a coarse texture, composed of reeds and woody fibres, cemented into 
a mass by a fine loam ; 5, coarse sea-sand, mingled with marine shells ; 6, a blackish 
marine mud, filled with shells. Below these the deposit of tin-stone occurs, including 
fragments of various size, of clay-slate, flinty slate, quartz, iron ore, jasper ; in a word, 
of all the rocks and gangiios to be met 
with in the surrounding territory, 1982 
with the exception of granite. Among 
these fragments there occurred, in 
rounded particles, a coarse quartzose- 
sand, and the tin-stone, commonly 
in small grains and crystals. Be- 
neath the bed t, is the clay-slate 
called Milas (a, x, y), which supports 
all the deposits of more recent forma- 
tion. 

The system of mining employed 
in stream- works is very simple. The 

successive bods, whose thickness is shown in the figure, are visibly cut out into stops 
or platforms. By a level or gallery of efflux the waters flow into the bottom of 
the well I, m, which contains the drainage pumps ; and these are put in action by a 
machine y, moved by a water-wheel. The extraction of the ore is effected by an 
inclined plane ?, cut out of one of the sides of the excavation, at an angle of about 45 
degrees. At the lower end of this sloping pathway there is a place of loading ; and 
at its upper end A, a horse-gin, for alternately raising and lowering the two baskets of 
extraction on the pathway i. 

Mine’tin — as distinguished from Stream-tin, the former being worked by the miner 
out of the lode — requires peculiar care in its mechanical preparation or dressing, on 
account of the presence of foreign metals, from which, as wo have stated, stream-tin 



is free. 

Till ore, therefore, should be first of all pounded very fine in the stamp-mill, then 
subjected to reiterated washings, and afterwards calcined. The order of proceeding 
ill Cornwall and other parts is fully described in the article Dressing of Ores. 
►Sue also Ivoasting, for a description of the roasting processes. 

The tin ores of Cornwall and Devonshire are all smelted within the counties where 
they are mined : tin; vessels which lu'ing the fuel from Wales, for smelting these ores, 
return to Swansea and Neath loaded with copper ores. 

Australian Tin . — As far back as 1 849 the llev. W. B. Clarke, from the character of 
certain granites, predicted the occurrence of tin in New ►South Wales ; and in 1853 ho 
reported the actual discovery of tin ore near the Severn Eiver. It was not, however, 
until recently that the tin ore of New South Wales and Queensland has been found 
in sufficient abundance to attract general attention. In New South Wales the tin- 
yielding di.strict forms an elevated plateau of granitic rocks, associated with meta- 
morphic slates and sandstones. The granite is, in places, travers^ by veins of 
quartz, rich in tin-stono, and is capped by a deposit of tin-bearing detritus of variable 
thickness. The stanniferous district extends into the adjacent colony of Queensland, 
tho ore having been traced over an area of about 550 square miles in the neighbour- 
hood of tho head- waters of the Severn Kiver and its tributaries. The Queens^nd 
tin occurs partly in lodes associated with granitic rocks, and partly as stream-tin in 
buds of tho rivers and in tho alluvial flats on their banks. 

hroni theso new districts tho following quantities have been obtained: — 

In Victoria . — Tin has been found in the districts of Beechworth, Koetong, Upper 
Murray, Burrawa Creek, Yackaudandah, Cudgewa Creek, La Trobe River, Comer 
Inlet, Cliiltern, Mansfield, Foster, and Omea. In all cases the black tin has been 
oblainud from alluvial deposits — generally termed ‘ black sand.’ The quantity of tin 
produced in Victoria up to the end of 1873 has been as follows : — 


Previously up to December 31, 1872 
From January 1 to December 31, 1873 

Total . . • 


Tin Ore 
Tons Cwts. 
3,831 16 

174 16 


Tin 

IbB. 

139,648 

109,312 

248,960 


4,006 12 
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The Tin district of New South Wales from the commencement of the workings for 
tin unto the present time : — 

Ore Smelted Ingots 

Cwte. Cwts. 

1872 20,682 .... 1.838 

1873 78,300 .... 20,596 

1874 IQ, 055 for six months . 45^661 for six months. 

Qttecnsland. 



Oro 

Ingots 


Tons 

I’ons 

1873 

1,440 

280 to London 


3,460 

20 ., Sydney 

1874 to Juno 

1,620 

600 ,, London 

,, 

1,760 

16 ,. Sydney 


Tastnania . — Tin ore has also been recently discovered at Mount IJiscliolf, in the 
north-western part of Tasmania. The ore is not only found as an alluvial deposit, 
but occurs in a porphyritic rock, resembling some of the Cornish cl vans, and is in 
many places intimately associated with a gossany oxide of iron. It will be seen from 
the general statement of imports that a small quantity was sent from this colony. 
Large masses of tin have been found in the alluvial deposits, evidently derived from 
lodes ; and we understand some lodes have been discoverc'd. 

Tin Dressing . — Most of the tin ores in Cornwall havt? to be roasted, or calcined, be- 
fore they are fit for the smelting-house, although in some mines the admixture with 



other minerals is so trifling that this operation is considered unnecessary. The fur 
nace(yf^«. 1983, 1984) in which the roasting is carried on, is about 10 feet long, 5 feet 
6 inches wide in the middle, and 3 feet wide near the mouth. The fireplace, it will be 
observed, is situated at the back, the flames playing through the oven and ascending the 
chimney, which is above the furnace-door. The man is represented in fig. 1983, as stir- 
ring the ore with along iron rake. The ore, before it is submittal to the action of the 
fire, is thoroughly dried in a circular pit, placed immediately above the oven, into which 
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it is let down through the opening, when it is considered to be ready for calcining. 
Beneath the oven and connected with it by an opening through which the ore when 
sufficiently roasted is made to pass, is an arched opening about 4 feet wide, termed 
tlio ‘ wrinkle.’ Hero the ore is collected, whilst another charge is being placed in 
the furnace. About 7 cwts. or 8 ewts. of ore is the quantity usually roastm at one 
time. Whilst undergoing this operation, dense fumes of arsenic and sulphur escape 
with the smoke from the fire, and pass through large flues, divided into several 
chambers {figs. 1985 to 1987) where the former is collected. The flue is often 70 
yards long, and the greatest deposit of arsenic takes place at about 16 yards from the 
oven or furnace. Instead of being at once completely roasted, the ‘ whits * from the 
stamps are sometimes first ‘ rag ’ (or partially) burnt, for about six or eight hours. 
The object of this partial burning is to save time and expense, nearly throe-fourths of 
it being thrown away after dressing it from the first burning. 


1986 1986 



The machine called originally ‘ Brun ton’s Patent Calciner’ {fig. 1988), for cal- 
cining tin or(^, is gradually coming into use in Cornwall, and is aaopted in many ot 
the larger mines. Its operation may be thus briefly described ;--A revolving cii’cular 
tJiblo, usually 8 feet or 10 feet in diameter, turned by a water-wheel, receives 
through the hopper the tin-stuff to l)e roasted or calcined. The frame of the table is 
made of cast iron, with bands, or rings, of wrought iron, on which rests the fire-bricks 
composing the surface of the tsible. The flames from each of the two fireplaces pass 
over the ore as it lies on the table, which slowly revolves at the rate of about once in 
every quai’ter of an hour. Jn the top of the dome, over the table, are fixed three 
cast-iron fiviiues, called tlui ‘ spider,’ from which depend numerous iron coulters, or 
teeth, which stir up the tin-stuff, as it is carried round under them. The coulters on 
one of the arms of the ‘ spider’ are fixed obliquely, so as to turn the ore downwards 
from one to the other— tho last one at the circumference of the tiible, projecting the 
ore (by this time fully calcined) over the edge, into one of the two ‘ wrinkles 
beneath. A simple apparatus called the ‘ butterfly,’ moved by a handle outside the 
building, diverts the stream of roasted tin-stuff, us it falls from the table, either into 
one or tho other as may be required. Unlike the operation of roasting in the oven 
previously described, the calciner requires little or no attention ; the only care requisite 
being to see that the hopper is fully supplied, and the rousted ore removed when 
necessary from the wrinkles. . • ^ a 

For this description of the burning-house and of the calciner, we are indebted to 
Mr. James Henderson’s communication to the Institution of Civil Engineers. 

We have been favoured with the followingnotesou the action of Bruntons calciners, 
employed at Fabrica la Constanto, Spain, which are of great value, as are also the 
aiiditional suggestions. 

JJiameter of revolving bed, 14 feet. 

Kevolution of bed per hour from 3 to 4, or about 1 foot of the circumference per 
minute. , 
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Oros introduced by hopper, at the rate of 1 quinbil to every revolution of table. 
Quantity of ore calcined per day of 10 hours, 30 to 35 quintals. 

Salt consumed, generally six per cent, of weight of ore. 

Fuel consumed per 10 hours, 1,200 to 1,400 lbs. of pine-wood. 

Power employed to revolve table, half horse. 



Benmrk ^. — The furnace is charged witli ore and salt, by means ol‘ i]’on hoppers 
placed immediately over the centre of each of the hearths. For the supply of each 
hopper, a heap of about 14 quintals of ore, with 5 or 6 per cent, of salt, is prepared 
from time to time upon a small platform on tlie top‘of the fiiriiacos, and a few shovels- 
ful thrown in occasionally as required, taking care, howovcT, always to have enough 
ore in the hopper to prevent the ascension of acid vapours, &c., from the furnace. The 
time the mineral remains in the furnace, and the quantity calcined per hour, must 
depend on the rapidity of motion of the revolving hearth, and the angle at which the 
iron stirrers are fixed. 

The average amount passed through each furnace in 24 hours is about 84 quintals 
or 3^ quintals per hour. For every revolution of the bed, nearly 1 quintal is discharged 
from the furnace. 

The smelting of tin ores has been effected by two differentgnethods : — 
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In tho first a mixture of the ore with anthracite was exposed to heat on the hearth 
of a reverberatory furnace fired with coal. 

In the second, the tin ore was fused in a blast-furnace, called a blowing-house, sup- 
plied with wood-charcoal. This method is not now practised in England. 

In the sTMlting ‘houses^ where the tin is worked in reverberatories, two kinds of fur- 
naces are employed ; tho reduction and the refining furnaces. 

Figs. 1989 and 1990 represent the furnaces for smelting tin at Truro, in Cornwall : the 
former being a longitudinal section, the latter a ground plan, a is the fire-door, through 
which pitcoal is laid upon the grate A ; c is the fire-bridge ; d, the door for introducing 
tho ore ; e, tho door through which tho ore is w'orkod upon tho hoiirth./*; //, tho stoke- 
hole ; h, an aperture in the vault or 
roof, which is opened at the discharge 
of tho waste schlich, to secure tho 
free escape of the fumes up the 
chimney ; e, e, air-channels, for ad- 
mitting cold air under the fire-bridgo 
and the sole of the hearth, witli the 
view of protecting them from injury 
by tho intensity of the heat above. 

are basins into which tho melted 
tin is drawn off; /, the fine; m, tho 
chimney, from 35 to 60 feet high. 

The roasted and washed schlich is 
mixed "with small coal or culm, along 
with a little slaked lime, or fluor- 
spar, as a flux ; each chfirgo of ore 
amounts to from 15 to 2t cwts., and 
contains from 60 to 70 per cent, of 
metal. 

Fig. 1991 represents in a vortical 
section through tho tuyere, and fig. 

1992, in a horizontal section, in the 
dotted line x, x, of fig. 1991, the fur- 
nace employed for smelting tin at tho 
Erzegebirge mines in Saxony, a, are 
the furnace-pillars, of gneiss ; 6 , 5, are 
shrouding or casing walls ; e, tho 
tuyere wall ; d, front wall, both of granite ; as also the tuyere e. f, the sole 
stone, of granite, hewn out basin-shaped ; < 7 , the ege^ through which the tin and slag 
are drawn off into the fore-hearth h ; i, the stoke-hearth ; 
k, k, the light ash-chambers ; I, tho arch of the tuyere ,* 
w, m, the common flue, which is placed under the furnace 
1991 and the hearths, and has its outlet under the vault of the 
tuyire. 

In the smelting-furnaces at Geyer the following dimen- 
sions are preferred: length of the tuyere wall, 11 inches; 
of the breast wall, 11 inches; depth of the furnacel7 inches. 
High chimney-stalks are advantageous where a great 
quantity of ores is to be reduced, but not otherwise. 

The refining furnaces aro similar to those which servo 
for reducing the ore ; only, 
instead of a basin of recep- 
tion, they liavo a refining 
basin placed alongside into 
which tJie tin is run. This 
basin is about 4 feet in dia- 
meter, and 32 inches deep ; it 
^ consists of an iron pan, placed 
over a grate, in which a fire 
may be kindled. Above this 
pan there is a turning gib, by 
moans of which a billet of 
wood may be thrust down 
into the bath of metal, and kept there by wheeling the gibbet over it, lowering a rod, 
and fixing it in that position. 

Formerly in Cornwall nearly all the tin was smelted in blast-fimiaces; these works 
were called blowing'-houses. The smelting-furnaces were 6 feet high from the bottom 
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of tlio crucible (concave hearth) to the throat, which is placed at the origin of a long 
and narrow chimney, interrupted by a chamber, where the metallic dust carried off by 
the blast was deposited. This chamber was not placed vertically over the furnace; 
but the lower portion of the chimney had an oblique direction from it. The furnace 
was lined with an upright cylinder of cast iron, coated internally Math loam, with an 
opening in it for the blast. This opening, which corresponds to the lateral face 
opposite to the Charging side, receives a tuyere, in which the nozzles of two cylindtT 
single bellows, driven by a water-wheel, were planted. The tuyere opens at a small 
height above the sole of the furnace. On a level with the solo, the iron cylinder 
presents a slope, below which was the hemispherical basin of reception, set partly 
beneath the inu^rior space of the furnace, and partly without. Near the corner of 
the building there was a second basin of reception, larger than the first, which could 
discharge itself into the former, by a sloping gutter. Near this liasin there M'as 
another, for the refining operation. These were all made either of brick or cast iron. 
Such blast-furnaces are now entirely superseded in this country by the revt.Tberatory 
furnace. 

The quality of the average ground tin ore prepared for smelting is such tliat 20 
parts of it yield from 12^ to 13 of metallic tin (62^ to 66 per cent.) The treatment 
consists of two operations, sindihip and njining. 

First operation ; deoxidisution of the ore, and f nsion of the tin. — Before throwing the 
ore into tJie smelting furnace, it is mixed with from one-fifth to one-eighth of its 
weight of blind coal, in powder, called ctdm ; and a little slaked lime is sometimes 
added, to render the ore more fusible. These matters are carefully blended, and 
damped with water to render the charging easier, and to prevent the draught from 
sweeping any of it UM'ay at the commencement. Prom 20 to 26 ewts. are introduced 
at a charge ; aud the doors are immediately closed and luted, while the heat is pro- 
gressively raised. Were the fire too strong at first, the tin oxide would unite vuth 
the quartz of the gangue, and form an enamel. The heat is applied for 6 or 8 hours, 
during -which the doors are not opened ; of course the materials are not stirred. By 
this time the reduction is in general finished ; the door of the furnace is removed, and 
the melted mass i.s worked up to complete the .separation of the tin from the seorise, 
and to ascertain if the opemtion be in sufficient forwardness. When the reduction 
seems to be finished, the scoria? are taken out at the same door, with an iron rake, and 
divided into throe sorts: those of the first class a, -which constitute at least three- 
fourths of the M'holc, are as poor as possible, and may be thrown away ; the scoria? of 
the second class n, which contain some small grains of tin. are sent to the stamps ; 
those of the third class c, -vi'hich are la.sl removed from t he surface* of the bath of tin, 
are set apart, and re-smelted, as containing a considerable quantity of metJil in the 
form of globules. These scoriae are in small quantit}*. The stamp-slag contains fully 
5 per cent, of metallic tin. 

An soon as the scoriae are cleared away, the channel is opened which leads to tlio 
liasin of reception, into -wdiich the tin consoquent.iy flows out. Here it is left for some 
time, that the scoria* which may be still mixed with the metal may separate, in 
virtue of the difference of their s}»ecific gravities. AVIien the tin has sufficiently 
settled, it is lifted out with ladles, and iioured into cast-iron moulds, in each of which 
a bit of wood is fixed, to form a hole in the ingot, for the purpose of dra-wing i out 
when it becomes cold. 

Refining of Tin. — The object of this operation is to separate from the tin, as com- 
pletely as possible, the metals reduced and allo^’^ed along -with it. These are, prin- 
cipally, iron, copper, arsenic, and tungsten ; to whicli are jtiinod, in small quantities, 
some sulphides and arsenides that have escaped de(;omposition, a little unre- 
duced oxide of tin, and also some earthy matters which have not passed off with the 
scoriae. 

Liquation. — The refining of tin consists of two operations ; the first being a 
liquation, which, in the interior, is eflfectod in a roverhoratory furnace similar to that 
employed in smelting the ore {figs. 1989, 1990). The blocks lieing arranged on 
the hearth of the furnace, near the bridge, are moderately heated ; the tin melts, 
and flows away into the refining-basin ; hut, after a certain time, the blocks cease 
to afford tin, and leave on the hearth a residuum, consisting of a very ferruginous 
alloy. 

IFVesh tin-blocks are now arranged on the remains of the first ; and thus the liqua- 
tion is continued till the refining-basin be sufficiently full, when it contains about 5 
tons. The residuums are set aside, to be treated as shall bo presently pointed out. 

Refining proper. — Now begins the second part of the process. Into tlie tin-bath 
billets of green wood are plunged, by the aid of the gibbet above described. The dis- 
engagement of gas from the green Vood produces a constant ebullition in the tin ; 
bringing up to its surface a species of froth, and causing the impurest and densest 
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parts to fall to the bottom. That froth, composed almost wholly of the oxides of tin 
and foreign metals, is successively skimmed off, and thrown back into the furnace. 
When it is judged that the tin has boiled long enough, the green wood is lifted out, 
and the bath is allowed to settle. It separates into different zones, the upper being 
tlie purest; those of the middle are charged with a little of the foreign metals; and 
the lower are much contaminated with them. When the tin begins to cool, and when 
a more complete separation of its different qualities cannot be looked for, it is lifted 
out in ladles, and poured into cast-iron moulds. It is obvious that the order in which 
the successive bloAs are obtained is that of their purity ; those formed from the 
l)ottom of the basin being usually so impure that they must be subjected anew to the 
refining process, as if they had been directly smelted from the ore. 

The refining operation takes five or six hours ; namely, an hour to fill the basin, 
three hours to boil the tin with the green wood, and from one to two hours for the 
subsidence. 

Sometimes a simpler operation, called tossing^ is substituted for the above artificial 
eljullition. To effect it a workman lifts some tin in a ladle, and lets it fall back into 
the boiler from a considerable height, so as to agitato the whole mass. He continues 
this manipulation for a certain time ; after which, he skims with care the surface of 
the batli. The tin is afterwards poured into moulds, unless it bo still impure. In 
this case the separation of the metals is completed by keeping the tin in a fused stiito 
in the boiler for a certain period, without agitation; whereby the upper portion of the 
bath (at least one-half) is pure enough for the market. 

The moulds into which the tin-blocks are cast are usually made of granite. Their 
capacity is such, that each block shall weigh a little more than .3 cwts. This metal is 
called ‘block tin.’ The law requires Uiem to be sUimped or coined by public officcrH, 
lieforo being exposed to sale. The purest block tin is cidled ‘ lefined tin.’ 

The treatment just detailed gives rise to two .stanniferous residuums, which have to 
bo smelted again. These are — 

] . The scoriae n and c, which contain some granulated particles of tin. 

2. The dross found on the bottom of the reverberatory furnace, after re-melting the 
tin to refine it. 

The scoriae care smelted without any preparation ; but those marked b are stamped 
in the mill, and waished, to concentrate the tin-grains ; and from this rich mixture, 
called priliionf smelted by itself a tin is procured of very inferior quality. This may 
bo readily imagined, since tho metal which forms these granulations is what, being 
less fusible than the pure tin, solidified quickly, and could not flow off into the metallic 
bath. 

Whenever all tho tin-blocks have thoroughly undergone the process of liquation, 
the fire is increased, to melt the loss fusible residuary alloy of tin with iron and some 
other metals, and this is run out into a small basin, totally distinct from the refining- 
l)fisin. After this alloy has reposed for some time, the upper portion is lifted out into 
block-moulds, as impure tin, which needs to bo refined anew. On tho bottom and 
sides of the basin there is deposited a white, brittle alloy, with a crystalline fracturc, 
w'hich contains so great a proportion of foreign metjils that little use can bo made of 
it. About tons of coal aro consumed in producing 2 of tin. 


Sum7iiarg of Produce of Tin in Cornwall and Devon for each of the ten. years 
ending 1873. 


Year 

No. of 
mines 

Tin oro 

1 Metallic tin 

1 

Quantity 

Value 

Quantity 

Value 



Toiib 

£ 

Tons 

£ 

1804 

174 

13,985 

881,031 

9,295 

995,029 

1865 

150 

14,122 

782,284 

9,038 

873,659 

1866 

145 

13,785 

667,999 

8,822 

781,849 

1867 

117 

11,066 

549,375 

7,296 

670,228 

1868 

109 

11,584 

641,137 

7,703 

756,494 

1809 

117 

13,883 

889,378 

9,356 

1,138,488 

1870 

147 

15,234 

1,002,357 

10,200 

1,290,605 

1871 

145 

16.898 

1,068,733 

1 11,320 

1,656,567 

1872 

162 

12,300 

1,065,658 

8,241 

1,258,812 

1873 

215 

14,885 

1,056,835 

9,972 

1,329,768 
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Pfctductwn of the Dvtch Tin Mines for the last 19 years. 


Years 

Banca* 

BiUiton, 

estimated 


Slabs 

Ton.*! 

Slabs 

Tons 

1855 

128,256 = 

4,233 

2,734 

97 

1856 

201,317 

6,643 

6,714 

238 

1857 

149,336 

4,928 

3,674 

130 

1858 

192,950 

6,367 

9,014 

320 

185^1 

181,968 

6,005 

4,620 

164 

1860 

165,620 

5,465 

8,000 

284 

1861 

173,008 

5,709 

13,018 

462 

1862 

141,770 

4,678 

10,182 

361 

1863 

191, 96.3 

6,334 

20,636 

732 

1864 

161,916 

5,343 

22,380 

794 1 

1865 

138,012 

4,654 

30,000 

1,065 ! 

1866 

158,626 

5.234 

33,000 

1,171 i 

1867 

140,570 

4,639 

65,940 

2,341 i 

1868 

120,000 

8,960 

60,600 

2,151 

1869 

135,868 

4,483 

68,291 

2,424 1 

1870 

146,000 

4,672 

89,283 

2,858 

1871 

134,906 

4,320 

99,700 

3,190 

1872 

136,906 

4,325 

108,000 

3,456 

1873 

140,000 

4,480 

102,000 

3.264 


Imports of Tin in the year 1873. 


Coim tries from which imijorted 

Tin oro 

Tin, blocks, ingots, 
bars, and rcgulus 


Tons 

Tons 

Holland 

1 

1,770 

France 

30 

115 

Portugal 

12 

... 

Spain ........ 

7 


Straits Settlements 

] 

4,812 

China 


25 

Victoria 

297 

58 

New South Wales 

3,114 

331 

Queensland ....... 

1,302 

103 

Tasmania 

13 


United States of America ; On the A thin tic 


72 

Peru 

671 

387 

Chili 

157 

114 

Other parts 

7 

4 

Totel Imports 

6,6 12 

7,791 


To test the quality of tin, dissolve a certain weight of it with heat in liydrochloric 
acid ; should it contain arsenic, hrown-black flocks will he separated during the solu- 
tion, and arseniuretted hydrogen gas will bo disengaged, which, on being burned at 
a jot, will deposit the usual grey film of metallic arsenic upon a white saucer held a 
little way above the flame. Other metals present in the tin are to bo souglit for by 
treating the above solution with nitric acid of spec. grav. 1*16, first in the cold, and at 
last with heat and a small excess of acid. When the action is over, the supernatant 
liquid is to be decanted oflT the peroxidised tin, which is to be washed with very dilute 
nitric acid, and both liquors are to be evaporated to dissipate the acid excess. If, on 
the addition of water to the concentrated liquor, a white powder falls, it is a proof 
that the tin contains bismuth ; if, on adding sulphate of ammonia, a white precipitJite 
appears, the tin contains lead ; water of ammonia added to supersaturation will occa- 
sion reddish-brown flocks, if iron is present ; and on evaporating the supernatant 
liquid to dryness, the copper will be obtained. 

* 1,000 Banoa slabs weigh about f2 tons ; the average weight of 1,000 slabs Straits tin being from 
85 to 40 tons. The weight of ttie Billiton slabs is the same as the Bauca. 
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Tin in Ingots, blocks, bars, slabs or regulus, Importedin 1874, 184,377 cwts. : value 

004,488/. 

Tin unwrought Exported in 1874, 155,068 cwts. ; value 813,305/. 

For the purification of tin from tungsten, see Tungsten. 

The uses of tin are very numerous. Combined with copper, in different pro- 
portions, it forms Bronze, and a scries of other useful alloys ; for an account of which, 
see Copper. AVith iron, it forms Tin-plate ; with lead, it constitutes Pewter, and Mder 
of various kinds. (See Lead.) Tin-foil coated with quicksilver makes the reflecting 
surface of glass mirrors. (See Glass.) Nitrate of tin affords the basis of the scarlet 
dye on wool, and of many bright colours to the calico-printer and the cotton-dyer; 
(See Scarlet and Tin-Mordants.) A compound of tin with gold gives the fine 
crimson and purple colours to stained glass and artificial gems. (See Purple 
OF Cassius.) Enamel is made by fusing oxide of tin with the materials of flint 
glass. This oxide is also an ingredient in the white and yellow glazes of pottery- 
ware. See Putty Powder. 

TXir ASSAirnSTG. The ore of tin submitted to assay is Cassitorite, peroxide of 
tin or black tin. AVlion the ore is poor it must be submitted to a washing, vanning, 
or other concentration process, to separate the peroxide of tin from vein-stuff before 
submitting it to the assay. If the ore is associated with iron pyrites, copper pyrites, or 
other foreign metalliferous matters, it must bo calcined or treated with acids, before 
submitting it to the final washing process. The assays are made by the dry method. 

a. Cornish method. This process is conducted in black-lead crucibles in an air-furnace 
similar to that described in Copper 533). Two ounces (960 grs.) of the ore are 
mixed with about one-fifth of its weight of culm or anthracite powder, or charcoal, 
and heated for about twenty minutes at a high temperature ; the reduced metal is now 
poured out into a long flat ingot-mould. The slaggy residue is then scraped out from 
the pot, and any shots of metal separated by pounding and washing, and the total 
weight of metal ascertained. A small quantity of borax or fluor-spar is added when 
necessary to render the slag fluid. The assay may also be imicle in earthen crucibles. 

5. 'By Fusion with Cyanide of Potassium. This process is conducted in earthen or 
porcelain crucibles : 100 grs. of the black tin is a convenient quantity to operate on. The 
ore is mixed with from four to six times its weight of cyanide of potassium, and the 
crucible and its contents exposed to a low rod heat for about 20 minutes. The contents 
are poured out into the iron mould {Jig, 534, see Copper), and when cold the button 
of tin is detached from the slag, cleaned and weighed. 

TZirCAlL. The Oriental name for crude borax. Under this name considerable 
quantities are brought from the East Indies. But the largest quantities are obtained 
from the lagoons near Monte Cerliole in Tuscany. Kecently, tincal of a very fine 
quality has been discovered in California. A lake in Colorado Territory contained so 
much of the bi -borate of soda that it was found crystallised out around the edges, but 
wjis soon exhausted. See Borax. 

TZSrCTORXAlL XIKATTSR. The colouring-matter employed in dyeing. See 
Dyeing ; Madder ; Turkey Red, &c. 

TZIVCTURIS is a title used by apothecaries to designate alcohol, in a somewhat 
dilute state, impregnated with the active principles of either vegetable or animal 
substances. 

TZXirBS]& ORE. {Zwidercrz, Ger.) An impure arsenical sulphide of antimony. 
It is found at Andreasberg in the Hartz, in soft flexible flakes resembling tinder, of a 
dirty reddish colour and with little lustre. 

TZBTE, in metallurgy^ a modification of the Trompe adopted by the French. 

TIXO* GEAXeS is an old name of bismuth. See Bismuth. 

TZX-MORBAXTS for dyeing scarlet. See Mordant. 

Mordant a, as commonly made by the dyers, is composed of 3 parts of nitric acid, 

1 part of common salt or of sal-ammoniac, and 1 of granulated tin. This preparation 
is very uncertain. 

Mordant it. Pour into a glass globe with a long neck, 3 parts of pure nitric acid 
at 30° B., and 1 part of muriatic acid at 17° ; shake the globe gently, avoiding the 
corrosive vapours, and put a loose stopper in its mouth. Throw into this nitro- 
muriatic acid, one-eighth of its weight of pure tin, in small bits at a time. When the 
solution is complete, and settled, decant it into bottles, and close them with ground 
stoppers. It should be diluted only when about to be used. 

Morda^it c, by Dambourney. — In 2 drams (Fr., 144 grs.), of pure muriatic acid, 
dissolve 18 grains of Malacca tin. This is reckoned a good mordant for brightening 
or fixing the colour of peach wood. 

Mordant d, by Hellot. — Take 8 ounces of nitric acid, diluted with as much water ; 
dissolve in it half an ounce of sal-ammoniac, and 2 drams of nitre. In this acid solu^ 

VoL, lU. 3 T 
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tion dissolve 1 ounce of granulated tin of Cornwall, observing not to put in a fresh 
piece till the preceding bo dissolved. 

Mordant e, by Scheffer.— Dissolve 1 part of tin in 4 of nitro-muriatic acid, pre- 
pared with nitric acid diluted with its own weight of water, and one thirty-secondth 
of sal-ammoniac. 

Mordant f, by Poerner. — Mix 1 pound of nitric acid with 1 pound of water, and 
dissolve it in an ounce and a half of sal-ammoniac. Stir it well, and add, by very 
slow degrees, 2 ounces of tin turned into thin ribbons upon tho lathe. 

Mordant f, by Berthollet. — Dissolve in nitric acid of 80"^ B., one-eighth of its 
weight of sal-ammoniac, then add by degrees one-eighth of its weight of tin, and 
dilute tho solution with one-fourth of its weight of water. 

Mordant k, by Dambourney. — In 1 dram (72 grs.) of muriatic acid at 17°, one 
of nitric acid at 30°, and 18 grains of water, dissolve slowly, and with some heat, 18 
grains of fine Malacca tin. 

Mordant e, is tho birch-bark prescribed by Dambourney. This bark, dried, and 
ground, is said to be a very valuable substance for fixing the otherwise fugitive colours 
produced by woods, roots, archil, &c. 

Tnr-FXJLTSS. The art of coating copper with tin seems to have been known at an 
early period. Pliny refers to this, and from his description it is probable the vessels to 
be covered were dipped into melted tin, and tho stannea^ of the Romans wero 

copper vessels covered wdth tin. The difficulty of coating iron with tin was, liowever, 
much greater ; and the process of hammering the iron into sheets sufficiently thin, 
and cleaning the surface, which latter work had often to be done by filing, were serious 
hindrances to the extensive use of tho invention. 

The art of tinning iron appears to have been first practised in Bohemia, and about 
the year 1620 to have been introduced into Saxony. 

Beckmann states that, ‘ in tho year 1670, a company sent to Saxony, at their ex- 
pense, an ingenious man named Andrew Yarrenton, in order to learn the process of 
tinning. Having aexjuired tho necessary knowdedge, ho returned to England with 
soine German worknum, and manufactured tin-plate which mot with general appro- 
bation. Before the company could carry on business on an extensive swile, a man of 
some distinction, having made himself acquainted with Yarrenton's process, obtained 
a pntent for his art, and tlie first undertakers were obliged to give np their enterjjrise, 
which had cost them a great deal of money, and yet no use what('ver was made of 
llu' patent which had been obbiined.^ About the year 1720 works for tho manufacture 
of tin-plates were eslablished at Pontypool, and those seem to be tlu' earliest of such 
works in England which were permanently succc'ssful. 

In 1728, John Payne invented a process for rolling iron. This seems to have at 
once led to the use of the fiat or sheet rolls for the manufacture of iron for tin-plates ; 
but it is verj^ remarkable that no further progress was made in this discovery of roll- 
ing iron until 1783, when Henry Oort invented the grooved rolls. This discovery 
was not appreciated for some years. Mr. Reynolds, of Ketley, erected Cort’s rolls 
in 1785. In 1790 Henry Cort was engaged by Mr. Richard Crawshay to erect tliC! 
mills at Cyfarthfii, and, soon after, this important improvement in the iron manufac- 
ture was generally adopted. The wTiter proposes to give in this paper a short 
first, of the process for cleaning and timiing the iron-plate, and after, of the method.s 
of preparing the iron for this purpose. 

The affinity of iron foi* tin is much greater than is generally supposed. Tho point at 
which the metals cohere is no doubt an actual alloy ; and advantage is taken of this 
by the manufacturers of articles for domestic use, made in iron — as bridle-bits, com- 
mon stirrups, small nails, &c. When the iron, whether uTouglit or cast, ’pf-rfccily 
dean and free from rust, and brought in contact with melted tin, at a high tompera- 
ture, an alloy seems to bo at once formed, protecting the iron from oxiilisatiou whilst 
the tin lasts. Many plans are used for tinning iron articles, of small sizt;, by tho 
manufacturers. One of tlie common methods of tho manufacturers of bridle-bits and 
small w'are, in South Stafifordshiro, is to clean the surface of tho articles to be tinned, 
by stooping them for sufliicient time in a mixture of sulphuric and hydrochloric acids, 
diluted with water, then washing them well wdth water, but taking great care they do 
not rust, at once placing them in a partially closed stoneware vessel (such as a com- 
mon. bottle), w'hich contains a mixture of tin and sal-ammoniac. This vessel is 
then placed on a smith’s hearth, duly heated, and frequently agitated to secure tho 
complete distribution of tho tin over the iron. The articles, when thus tinned, are 
thrown into water to wash away all remains of the sal-ammoniac ; and lastly, cleaned 
in hot bran, or sawdust, to improve the appearance for sale. 

The plans of cleaning and preparing the iron for tinning have undergone many 
changes in the past century. About 1720 the plan of cleaning was to scour tho 
plates with sand and water, and file oflT the rough parts, then cover with resin, and 
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dip them in the melted tin. About 1747 the plates were, after being cold-rolled, 
soaked for a week in the lees of bran, which luid been allowed to stand in water 
about ten days, to become, by fermentation sufficiently acid, and then scoured with 
sand and water. In 1760 the plates were pickled in dilute hydrochloric acid before 
annealing, and cleaned with dilute sulphuric acid after being taken out of the bran 
lees. An improvement of great importance in this process was made about 1745 ; tho 
inventor seems to have been Mr. Mosoly, who carried on tin-plate works in South 
Staffordshire. This invention was tho use of the grease-pot, and in this department 
little, if any, improvement has since been made. The plan was introduced into 
South Wales in 1747 by Mr. John Jenkins, and his descendants are still amongst 
tho principal manufacturers in the trade. The process of cleaning and tinning at some 
of the best works now is as follows : — ^When the sheet iron leaves the plate-mill, and 
after separating the plates, and sprinkling between eacli plate a little sawdust, the 
effect of which is to keen them separate, they are then immersed, or as technically 
termed ‘pickled,’ in dilute sulphuric acid, and after this placed in the aunoaliug-pot, 
and left in the furnace about 24 hours ; on coming out, the plates are passed through 
the cold rolls ; after passing tho cold rolls, tho plates seem to have too much the 
character of steel, and are not sufficiently ductile: to remedy this they are again an- 
nealed at a low heat, washed in dilute sulphuric acid, to remove any scale of oxide of 
iron, and scoured with sand and water ; the plates in tJiis state require to be perfectly 
clean and bright, and may be left for months immersed in pure water without rust or 
injury ; but a few minutes’ exposure to tho air rusts thorn. With groat care to have 
them perfectly clean, they are tfikon to tho stow, fig. 1998, being a section through the 
line K K of the plan /;j 7 . 1994. Taken from right to left, 1 represents tho tinman’s 
pan ; 2, the tin-pot ; 3, the washing or dipping pot; 4, the groaso-pot ; 5, tho cold pot ; 
6, the list pot. 

1993 


G 4 S 2 1 



1994 



G & 4 3 2 1 


The tinman’s pan is full of molted grease: in this the plates are immersed, and left 
there until all aqueous moisture upon them is evaporated, and they are completely 
covered with the grease ; from this they Jiro taken to the tin-pot, and there plunged 
into a bath of molted tin, which is covered with grease ; but as in this first dipping 
the alloy is imperfect, and the surface not uniformly covered, tho plates are removed 
to tho dipping or wash pot ; this contains a bath of melted tin covered with grease, 
and is divided into two compartments. In tho larger compartment the plates are 
plunged, and left sufficiently long to make tho alloy complete, and to separate any 
superfluous tin which may have adhered to tho surface ; the workman takes the plate 
and places it on the table marked n on the plan and wipes it on both sides with a 
brush of hemp ; then to take away the marks of the brush, and give a polish to the 
surface, ho dips it in the second compartment of the washing pot. This last always 
contains tho purest tin, and as it becomes alloyed with tho iron it is removed on to tne 
first compartment, and after to the tin-pot, 'The plate is now removed to the grease* 
pot (No. 4) ; this is filled with melted grease, and requires veiy skilful management 
as to the temperature it is to be kept at. The true object is to allow any snperflaotis 
tin to run off, and to prevent the alloy on the surface of the iron plate cooling 
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Qtdcker than the iron. If this "were neglected the face of the plate ’would be cracked. 
The plate is removed to the cold pot (No. 6); this is filled with tallow, lieati'd to a 
comparatively low temperature. The use of the grease-pots, N or. 4 and 5 
cess adopted in practice for annealing the alloyed plates. The list pot (PJo. 6) is 
^ used for the purpose of removing 

I 1^""] a small wire of tin, which adheres 

to the lower edge of the plate in 
all the foregoing processes. It 
^ f - f — is a small cast-iron hath, kept 
at a sufficiently high temperature, 
V ^ '' I covered with tin about ono- 

1 1 1 f 1 1 lllj TIT |] T f fourth of an inch deep. In this 

_1_ ^0 g^geg Qf the plates are dipped , 

i) and left until the wire of tin is 

melted, and then detached by 
Xj.- l i II ILsJ quick blow on the plate with a 

stick. The plates are now care- 
fully cleaned with bran to free 
n f j ~]^ them from grease. Lastly, they 

p r: jije taken to the sorting-room, 

r f ■ where every plate is separately 

p — — examined and classed, and 

I J packed in boxes for market as 

j ^ j |~ — 1 hH I ^ liereafter described. 

— — L_ LUH - mialitv for tin- 



plates are— ductility, strength, 
and colour. To obtain these, the 
iron must bo of the best quality, 
and the manufacture must be 
conducted with proportionate 
skill. This necessity wdll ex- 
plain to some extent tlio cause 
why nearly all the improvements 
in working iron during the past 
centurj’^ have been either origi- 
nated or first adopted by the tin- 
X)lato makers, and a sketch of 
the processes used at different 
times, in w’orking iron for tin- 
plates, will he, in fact, a history 
of the trade. 

The process of preparing the 
best or charcoal iron seems to 
Jiave undergone but litth^ change 
from 1720 to 1807- The finery, 
the ehafery. JLiid the hfiniiiier, 
were the modes of bringing the 
iron from the pig to the state 
of finished bars. 'Ihe finiiry was 
of tlie exact I'orm of the ///s. 
199;'), 1990. 1997, but less in size 
than those now' used. 
ehafery or hollow fire w’as, in 
fact., the same as the presei.l 
smiths’ forge fins but on a larger 
scale ; and tlie ‘ hollou',' or 
chamber, in which the bloom 
was heated, wvns made by coking 
the coal in the centre with the 
blast, and taking care not to 
disturb the mass of coal above, 
which was tised to reverherate 


the heat produced. Both the finery and ehafery were worked by blast. 

The hammers were of two descriptions: the forgo hammer, a heavy mass for 
shaping the blooms, and the tilt hammer, much lighter and driven quicker, for shaping 
the bars. 

The cbai;ge for the finely was about cwt. of pig-iron ; thifl^ under the first 
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process, was reduced to cwt. It was, when ready, put under the forge hammer, 
and shaped into a ‘ bloom,’ about 2 feet long and 5 inches thick ; this was then heated 


n 1998 



in the chafeiy, and under the tilt hammer drawn out to a ‘ bar,^ 3 to 4 inches wide, 
and half an inch thick. 

The manufacture up to this point was formerly carried on by the iron-masters, 
and the iron in this state was sold under the name of ‘ tin bars ’ to the plate-makers. 
The average price for these bars, from 1780 to 1810, was 2 1^. per ton. The sheet 
and cold rolls wore tlien in use nearly as at the present time. 

In 1807, Mr. Watkin George, whose 
position had been established .as one 
of the first engineers of his time, 
by the erection of the great water- 
wheel and works at Cyfarlhfit, re- 
moved to Pontypool, and undertook 
the remodelling of the old works 
there. He clearly saw that the secret 
of the manufacture -was to produce 
the largest possible quantity with 
least possible machinery and labour. 

His inventions, to this end, worked 
a complete change in the trade. His 
plans were: to first roduetj the pig- 
iron in a finery under coke, .and then bring this ‘refiners’ metal’ (so termed) into 
the charcoal finery. The charcoal finery was built as shown in Jigs. 1995, 1996, and 
1997 : Jig^ 1995 being a front elevation, /y. 1996 a horizontal, and^y. 1997 a vertical 
section. 

A charge of 3 cwts. of iron was used in this, and as it became malleable it was 
reduced under the hammer to what ho termed a ‘ stamp : ’ this was a piece of iron 




about 1 inch thick, and of any shape horizontally. It Was next broken in pieces of a 
convenient size, and about 84 lbs, were 'piled ’ on a flat piece of tilted iron, with 




was invented. This is, the writer believes, one of the inventions which, althoiif^h 
in work during the past fifty ycar.s, still points to very great improvements in 

the manufacture of iron. It is in 
substance tlie ]ilan of using the 
ga.scs produced l»y the docompo- 
sitioii of fuel for the working of 
iron. 

The charcoal finery is also worked 
by the use of the gases to a much 
greater extent than is generally 
known. The workman sends his 
blast directly into the mass of iron, 
and the cliarcotil seems to be simply 
the means by which ho is better 
enabled to manipulate the iron in 
the finery, and keep it covered, so 
as to rcAuve the oxidised metal, and 
thus prevent waste. A few hours spent with any intelligent workman at tlie side of 
his charcoal finery would show the wasteful and expensive character of the so-called 
nev) schemes for converting cast- into wrought-iron by the use of air alone. The 
late belief in these schemes, by men of high repute and practical knowledge in the 
trade is a direct proof of the deficiency in knowledge of exact science as at present 
applied to the manufacture of iron. 

The pile was now placed in the hollow fire, and brought to a soft welding or 
washing heat ; again hammered out to ‘ slabs/ 6 inches wide and throo-qiuirtcrs 
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of an inch thick ; these -were 
re-heated, cut up, and after- 
wards passed through rolls, 
reducing them to ‘bars,’ 6 
inches by half an inch. Thoso 
were known in the trade as 
* hollow fire iron,’ or ‘ tin- 
bars.’ The result of Mr. 
Watkin G-eorge’s improve- 
ments was, to reduce the 
cost and double the produc- 
tion with the same outlay 
in machinery. All the tin- 
plates made at this time had 
tlio great defect of a rough 
and smooth side. In the 
year 1820, Mr. Wm. Daniell 
found a mode to remedy this 
defect. Himself a maker of 
tin-bars and plates, he had 
observed that the smooth side 
of the plate was always that 
corresponding to the flat pnrt 
of the ‘ portal,’ or ‘ staff ; ’ ho 
at once, having ascertained 
this cause, remedied the de- 
fect by hammering out the 
pile, notching it, and doubling 
it over, so that the tilted 
blade of the ‘ staff’ was on 
the top as well as the bottom 
of the pile. This was the 
invention of ‘tops and bot- 
toms,’ and the writer need 
not remind practical men of 
the immense sums made by 
this discovery during the past 
fifty years. 

Another improvement since 
1807i is the use of the run- 
ning-out fire ; it is still adopt- 
ed in only a few works. 
'I’liis is represented by jigs. 
2004, 2005, and 2006. Fig. 
2004 is a vertical section ; 
jig. 2005 a horizontal sec- 
tion ; and^. 2006 a front ele- 
vation. This process saves 
waste of heat and labour, by 
running the refined metal 
at once into the charcoal- 
finery. 

The ‘ tin-bars ’ before re- 
ferred to, 6 inches by half 
an inch, are heated and run 
through rollers until they 
form a sheet of sufi&cient 
width ; this sheet is then 
doubled and passed through 
the rolls, and this repeated 
until this sheet is quad- 
rupled, — the laminae are then 
cut to size, and separated as 
before described. The writer 
asks careful attention to the 
fact, that the last part of the 
lolling is done when the iron 





1016 


TIN-PLATES 


is nearly cold. These sheets are next annealed, and were formerly heut separately hy 
hand, into a saddle, forming two sides of a triangle, thus A, and placed in a reverber- 
atory furnace, so that the flame should play amongst them, and heat them to redness; 
they were then plunged into a bath of muriatic acid, or sulpliuric acid and water, for 
a few minutes, taken out, and drained on the floor, and again heated in a furnace ; 
after whicli, a scale of oxide of iron separates from the plate during the w^ork of 
bending them again straight, on a cast-iron block. 

The plates should be now free from rust or scale, and are then passed cold through 
the chilled rolls : this last process is most important, as the ductility and the strengtli 
and colour of the tin-plate depend upon this ; at this point bad iron will cr.ick or 
S2)lit, and any want of quality in the iron, or skill in the manuflxcturo, will be shown. 

A great improvement in the process of annealing was made in 1829 by Mr. Thorrn.s 
Morgan : the plates were piled on a stand, and covered with a cast-iron box, now 
termed an ‘annealing pot ; ’ in this they were exposed to a dull red heat in a reverber- 
atory furnace for 24 hours. This annealing pot with its stand is represented l)y 
jig, 2007, in plan and vertical section. 

2007 



A very important invention in the manufacture of iron for tin-plates, was made l»y 
Mr. William Danioll in 1845. About 2i cwt.s. of refined metal is placed in the eliar- 
coal-finery ; this is taken out in one lump, put under the hammer and ‘ nobbled,’ then 
passed at once through the balling rolls, and reduced to a bar 6 inches square and 
about 2 feet 6 inches long. This Ixir is either cut or sawed off in i^iecos 6 inches long, 
and these rolled endways to give a bar about 0 inches wide, 2^ inches thick, and 12 
inches long, and in this state the inventor calls it ‘a billet.’ This is heated in a 
small balling furnace and rolled down to a bar one-quarter inch thick and eleven 
inches wide, and will be about six feet long. This is taken at once to the tin-plate 
mill, and the process saves great expense in fuel and machinery. 

By the old method of annealing, a box of tin-plates required about 13 lbs. of tin. 
This is now' done with about 0 lbs. for charcoal and 8 lbs. for coke plates. 

In referring to tin-plates the standard for quotjition is alw’ays taken as 1 C. 
(Common, No. 1.) This is a box containing 225 plates, wliicli should weigh exactly 
112 lbs. 


The following arc the Maries, Weights^ and Measurement of tlic Tin Tlatcs now in 
common use : — 


Names 


Sizes 

No. in 
a ijox 

'Weii'lit of 
each box 

Marks on 1 
the boxes 

Common, No. 1 


Inches 

13= hy 10 

225 

cwt. 

1 

firs 

0 

lbs. 

0 

C 1 

„ No. 2 . 


13 j ., 9.i 

•1 

0 

3 

21 

a 1 1 

„ No. 3 


13? „ 9i 
13| „ 10 


0 

3 

16 

C 1 1 1 

Cross, No. 1 . 


,, 

1 

1 

0 

X 1 

Two Crosses, No. 1 . 



„ 

1 

1 

21 

XX 1 

Three „ . 



79 

1 

2 

14 

XXX 1 

Four „ „ . . 



„ 

1 

3 

7 

XXXX 1 

Common Doubles . 


16= by 124 

100 

0 

3 

21 

CD 

Cross „ 


1 ” 


1 

0 

14 

1 XD 

Two Cross „ 



yy 

1 

1 

7 

1 XXD 

Three „ „ . . 


»i « 

yy 

1 

2 

0 

XXX D 

Four „ „ . . 


yy ?» 

„ 

1 

2 

21 

XXXX D 

Common Small Doubles . 


15 by 11 

200 

1 

2 

0 

CSD 

Cross „ „ 


yy yy 

„ 

1 

2 

21 

XSD 

Two Cross „ „ 


yy yy 

„ 

1 

3 

14 

XX SI) 

Throe „ „ ,, 


yy yy 

„ 

2 

0 

7 

XXX S 1) 

Four „ 

Waster’s Common, No. 1 


yi yy 


2 

1 

0 

XXXX S D 


13j by 10 

225 

1 

0 

0 

WC 1 

1 , Cross „ 


ft tt 


1 

1 

0 

WX 1 
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Ouo of tlie great items of expense in the manufacture of best iron, as before described, 
is the cost of charcoal for the fineries. About 1850 the attention of Mr. Rogers 
was directed to tlie use of a substitute for charcoal in the finery. Careful thought and 
experiment led him to the conclusion that some coals could be charred in such a way 
as to produce a nu'chanical structure analogous to charcoal, and at the same time when 
deprived of sulphur might be used in the finery. These experiments resulted in the 
manufiicture of ‘ charred coaV This material has been worked at several of the prin« 
cipal manufiictories in South Wales, and declared equal in every respect to charcoal. 

The preparation of the * charred coal* is very simple. The coal is first reduced to 
sniJill, and wnshed by any of the ordinary moans : it is then spread over the bottom 
of a reverberatory furnace to a depth of about 4 inches ; the bottom of a furnace is 
first raised to a red heat. When the small coal is thrown over the bottom a great 
volume of gases is given ofl^ and much ebullition takes place : this ends in the produc- 
tiou of a light spongy mass which is turned over in the furnace, and drawn in about 
one hour and a half. To completely clear off the sulphur, water is now freely 
sprinkled over the mass until all smell of the sulphuretted hydrogen gas produced 
ceases. The result is ‘charred coal.’ The quantities of * charred coal’ hitherto 
produced have been made on the floor of an ordinary coke oven, whilst red hot after 
drawing the charge of coke. 

Tin Coating of Iron and Zinc^ by Mr. Morries Stirling’s patent process. For this 
purpose the sheet, plate, or other form of iron, previously coated with zinc, eitlier 
by dipping or depositing from solutions of zinc, is taken ; and, after cleaning the 
surface by washing in acid or otherwise, so as to remove any oxide or foreign matter 
which would interfere with the perfect and equal adhesion of the more fusible metal 
or alloy with which it is to be coated, it is dipped into melted tin, or any suitable alloy 
thereof, in a perfectly fluid state, the surface of which is covered with any suitable 
material, such as fatty or oily matters, or the chloride of tin, so as to keep the surface 
of tiio metal free from oxidation ; and such dipping is to bo conducted in a like 
manner to the process of making tin-plate or of coating iron with zinc. When a fine 
surface is required, the plates or sheets of iron coated with zinc may bo passed be- 
tween polished rolls (as already described) before and after, or either before or after 
they are coated with tin or other alloy thereof. It is preferred in all cases to use for 
the coating pure tin of the description known as ‘ grain tin.’ 

Another part of the invention consists in covering, either wholly or in part, zinc 
and its alloys with tin, and such of its alloys as are sufficiently fusible. To effect 
this, the following is the process adopted: — A sheet or plate of zinc (by preference 
such as has been previously rolled, both on account of its ductility and smoothness) 
is tJikcn, and after cleaning its surface by hydrochloric or other acid, or otherwise, it 
is dried, and then dipped or passed in any convenient manner through the melted tin, 
or fusible alloy of tin. It is found desirable to heat the zinc, as nearly as may bo, to 
the temperature of the melted mehil, previous to dipping it, and to conduct the 
dipping, or passing-tlirough, as rapidly as is consistent with thorough coating of the 
zinc, to prevent as mucli as possible the zinc becoming alloyed with the tin. It is 
recommended also that the tin, or alloy of tin, should not be heated to a higher tem- 
piTature than is necessary for its proper fluidity. The metal thus coated, if in the 
form of sheet, plate, or cake, can then be rolled down to the required thickness; and 
should the coating of tin or alloy be found insufficient or imperfect, the dipping is to 
be repeated as above described, and the rolling also, if desired, either for smoothing 
the surface or further reducing the thickness. 

Another part of the invention consists in coating lead or its alloys with tin or 
tilloys thereof. The process is to be conducted as before described for the coating of 
zinc, and the surface of lead is to be perfectly clean. The lead may, like the zinc, 
be dipped more tlian once, cither before or after being reduced in tliickness by rolling. 

Lead and its alloys may also be coated with tin or its alloys of greater fusibility 
than the lead to be coated. 

Crystallised Tin-plate. See Huibee metallique. It would seem that the acid 
mi-rely lays l)are the crystalline stnictiire really present on every sheet, but marked 
by a film of redundant tin. Though this showy article has become of late years v^- 
garised by its cheapness, it is still interesting in the eyes of the practical chemist. 
The English plates marked f, answer well for producing the Moiree^ by the following 
process : — Place the tin-plate, slightly heated, over a tub of water, and rub its sur&e^ 
with a sponge dipped in u liquor composed of four parts of aquafortis and two of 
distilled water, holding one part of common salt or sal-ammoniac in solution. When- 
ever the crystalline spangles seem to bo thoroughly brought out, the plate must be 
immersed in water, washed either with a feather or a little cotton (taking care not to 
rub off’ the film of tin that forms the feathering), forthwith dried with a low heat, and 
coated with a lacquer-varnish, otherwise it loses its lustre in the air. If the whoLa 
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surface is not plunged at once in cold water, but if it bo partially cooled by sprinkling 
water on it, the crystallisation will be finely A'ariegated with large and small figures. 
Similar results will be obtained by blowing cold air through a pipe on the tinned 
surface, while it is just passing from the fused to the solid state ; or a variety of 
delineations may be traced by playing over the surface of the plate with the pointed 
flame of a blowpipe. 


"Export of Tin Plates in the Year ending 1872 and the two premous years. 


Couiitriei to which exported 

Quantities 

Value 

1871 

1872 

1873 

1871 

1872 

1873 


Tons 

Tons 

Tons 

£ 

£ 

.£ 

France 

2,123 

3,342 

3,941 

48.683 

97,769 

138,569 

United States 

80,929 

87,360 

85,531 

2,075,600 2,770,332 

2,745,916 

British North America 

4.200 

4,003 

3.343 

109.463' 142,782 

117.276 

Australia . 

5,141 

5.004 

4,326 

137,878 

188,015 

156.909 

Other countries . . | 

21,212 

1 

18,284 

23.327 

529,001 

608,075 

794,111 

Total . 

^ 19,006 

118,083 

120.468 

1 

2,000,625:3,806,973 

3,952,841 


TSTAVZITM {Sym. Ti : At. wi. 2o) is a rare metal, discovered by Klaproth, in 
Menaccanite, in 1794. Small cub<\s of a. copper-red colour, and so har’d as to scratch 
quartz, which have been found iu some of the blast-furnaces in Yorkshire, Wales, and 
Cumberland, were thought to be titanium ; they have recently been shown to bo a 
cyano-nitride of that inctfil, represented by TiCy,3Ti’‘N (TiCy'.STl^ST-j. This nudal 
is very brittle, so hard as to scratch steel, and verj^ light, liaving a specific gravity of 
only 6-3. It will not melt in heat of any furnace, nor dissolve, wdien crystallised, 
even in nitro-muriaticacid ; but only when in fine powder. According to Hasseiifratz, 
it presence in small quantity does not impair the malleability of iron. Jly calcination 
with nitre, it becomes oxygenated, and forms titanate of potash. Traces of this 
metal may be detected in many irons, both wroiiglit and cast. The principal 
jiiincrals contiiining titanium, are sphem. hrookiic. anatasc, rutih\ imriiic ajid mnme- 
canitc. Kiitile has l)CGn used, with doubtful advantiigc, in the j>r('paration of steel. 

TOAD’S«S7S TXir. A pale huir-brown variety of wood-tin, found near 
Tregarthy Moor in Cornwall. 

TOAST. When bread in thin slices is held in front of a bright fire it is converted 
into ‘ toast,’ and acquires a characteristic flavour. This appears, according to the 
experiments of Piesst;, to be a product of the destructive distillation of difistase, which 
all bread contains. When diastase is obtained from bread by alcoholic infusion and 
precipitation w’ith water, and then heated to 330°, an intense odour of ‘toast’ is 
produced. 

TOBACCO. It is said that the name ‘ toliacco’ w’as given by the Spaniards to the 
plant, because it was first observed 1>y them at Tabasco, or Tabaco, a province of 
Y'ucatan in Mexico. OtluTS derive the name fr«an Tahac, an inslrnment used by tlio 
natives of America in smoking ibis herb, lii 1500, Nieot, the IT(mch ambassador to 
Portugal, having received some tobacco from a Flemish merchant, show'ed it, on his 
arrival in Lisbon, to the grand prior, and on his niturn to France, to Catherine of 
Medicis, whence it has been willed Nicotiana by the botanists. Admiral Sir Francis 
Drake, having on his way home from the Spanish Main, in lo8(i, touched at Virginia, 
an^ brought away some forlorn colonists, is reported to have first impf)rted tobacco 
into England. Put, according to Lobel, this plant was cultivated in llritain before 
the year 1670; and was consumed by smoking in pipes l)y Sir Walter Kaloigh and 
companions, so early as the year 1 584. 

Tobacco is prepared as follows The plants arc hung up to dry during fimr or five 
weeks ; taken down out of the sheds in damp weather, for in dry vney would be apt 
to crumble into pieces ; stratified in heap.s, covered up, and left U) sweat for a w'( 5 ck or 
two, according to their quality and the state of the season ; during wdiich time they 
must be examined frequently, opened up, and turned over, lest tliey become too hot, 
take fire, or run into putrefactive fermentation. 

Kespectablo tobacconists are very careful to separate all the damaged leaves before 
they proceed to their preparation, which they do by spreading them in a heap upon a 
stone pavement, watering each laj^er in succession with a solution of sea -salt, of spec, 
grav. 1T07, called sauce, till a ton or more bo laid; and leaving their principles to 
react on each other for three or four days, according totlie temperature and the nature 
of the tobacco. It is highly probable that ammonia is the volatilising agout of many 
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odours, and especially of tobacco. If a fresh green leaf of tobacco be crushed between 
the fingers, it emits merely the herbaceous smell common to many plants ; but if it 
bo triturated in a mortar along with a little quick-limo or caustic potash, it will 
immediately exhale the peculiar odour of snuff. Analysis shows the presence of 
ammonia in this plant, and fermentation serves further to generate free ammonia in it. 

Tobacco contains a great quantity of an azotisod principle, which by fermentation 
produces abundance of ammonia ; the first portions of which saturate the acid juices 
of tlio plant, and the rest serve to volatilise its odorous principles. The salt water is 
useful chiefly in moderating the fermentation, and preventing it from passing into the 
putrefactive stage ; just as salt is sometimes added to sfiocharine worts in tropical 
countries, to temper the fermentative action. The sea-salt, which contains some 
muriate of lime, tends to keep the tobacco moist, and is therefore preferable to pure 
chloride of sodium for this purpose. Some tobacconists mix molasses with the salt 
saucc^ and ascribe to this addition the violet colour of the macouha snuff of Martinique ; 
and others add a solution of extract of liquorice. 

The fermented leaves, being next stripped of their middle ribs by the hands of 
children, are sorted anew, and the large ones are set apart for making cigars. Most 
of the tobaccos on sale in our shops are mixtures of different growths : one kind of 
smoking tobacco, for example, consists of 70 parts of Maryland and 30 of meagre 
Virginia ; and one kind of snuff consists of 80 parts of Virginia and 30 parts of cither 
Mumesfort or Warwick. The Maryland is a very light tobacco, in thin yellow leaves ; 
that of Virginia is in largo brown leaves, unctuous or somewhat gluey on the surface, 
having a smell somewhat like tJio figs of Malaga; tluit of Havannah is in brownish 
light leaves, of an agreeable and rather spicy smell ; it forms the best cigars. The 
Carolina tobacco is less unctuous than the Virginian ; but in the United States it 
ranks next the Maryland. The shag tobacco is dried to the proper point upon sheets 
of copper. 

Tobacco is cut into what is called ‘ shag tobacco’ by knife-edged chopping stamps. 
For grinding the tobacco-leaves into snuff, coniciil mortars are employ^, somcwhnt 
like that used by the Hindoos for grinding sugar-canes; but the sides of the snuff- 
mill have sharp ridges from the top to near the bottom. 

Mr. L. W. Wright introduced a tobacco-cutting machine, which bears a close 
resemblance to the well-known machines with revohing knives for cutting straw into 
chaff. The tobacco, after being squeezed into cakes, is placed upon a smooth bed 
within a horizontal trough, and pressed by a follower and screws to keep it compact. 
These cakes are progressively advanced upon the bod, or fed in, to meet the revolving 
blades. The speed of the feeding-screw determines tho degree of fineness of the 
sections or particles into which the tobacco is cut. 

Snuff is sometimes largely drugged with pearlashes, and thereby rendered pungent, 
and absorbent of moisture. 

Hofuse leaves and roots, such as those of senna, rhubarb, and the like, after their 
medicinal properties have been extracted in the manufacture of infusions, extracts, and 
tinctures, by tho druggists, were formerly ground, coloured with burnt sienna or yellow 
ochre, made pungent with ammonia, find then sold in large quantities to tho snulf-manu- 
f/jcturers. AVo hare reasons for believing that this fraud is but rarely practised now. 

According to tho analysis of Posset and Reimann, 10,000 parts of tobacco- 
leaves contain 6 of the peculiar chemical principle nicotine ; 1 of nicotianine ; 287 of 
slightly bitter extractive; 174 of gum, mixed with a little malic acid ; 26'7 of a green 
resin; 26 of vegetable albumen; 104 '8 of a substance analogous to gluten ; 61 of 
malic add ; 12 of malato of ammonia; 48 of sulphate of potass; 6 ’3 of chloride of 
potassium ; 9’o of potassa, which has been combined with malic and nitric acids ; 
1G 6 of phosphate of lime ; 24*2 of lime, which had been combined with malic acid ; 8*8 
of silica ; 496'9 of fibrous or ligneous matter ; traces of starch ; and 88*28 of water. 

In ‘ Silliman’s Journal,’ vol. vii. p. 2, a chemical oxamimitiou of tobacco is given by 
Dr. Coveil, which shows its components to have been but imperfectly represented in 
the above German analysis. He found, 1, gum ; 2, a viscid slime, equally soluble in 
water and alcohol, and precipitable from both by subacetate of lead; 3, tannin; 4, 
gallic acid; 6, chlorophyll (leaf-green); 6, a green pulverulent matter, which dis- 
solves in boiling water, but falls down again when the water cools ; 7, a yellow oil, 
possessing the smell, taste, and poisonous qualities of tobacco ; 8, a large q^ntity of 
a pale yellow resin ; 9, nicotine ; 10, a white substance, analogous to morphia, soluble 
in hot, but hardly in cold, alcohol ; 11, a beautiful orange-red dye-stuff, soluble only in 
acids : it deflagrates in the fire, and seems to possess neutral properties ; 12, nicotinine. 

A strict royal monopoly exists, or existed, in Austria Proper, France, Sardinia, the 
Duchies of Parma and Lucca, and the Grand-Duchy of Tuscany, and in Portugal, 
Spain, Naples, and the States of the Church ; the license to manufacture is periodically 
sold to companies, which regulate tho prices of tobacco as they please. It will 
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found that the situation of all these countries where the monopolies and high prices 
are kept up, is nearly the same, as to illicit trade in tobacco, as in England. 

Tobacco Imported in 1873 : — 

ll)S. Value. 

Unmanufactured .... 81,382,733 2,618,799/. 

lbs. 

Entered for Home consumption ..... 44,719,750 
Deduct Exported on drawback, &c. .... 635,146 

Total 44,184,610/. 

Duty: contiiining 10 lbs. or more of moisture in everv’^ 100 lbs. 3«. iiV- P" !>)• 
Containing less than 10 lbs. of moisture in every 100 lbs. 3.s‘. Gd. per lb. This was 
fixed March 27, 1863. The gross amount received in 1873 was 6,949,836/. 

The total quantities of tobacco retained for home consumption in 1842 amounted 
to nearly 17,000,000 lbs. Professor 8chleidcn gives a singular illustration of the 
quantity of toliacco consumed. North America alone produces annually upwards of 

200.000. 000 lbs. of tobacco. The combustion of this mass of vegetable material 
Avould yield about 340,000,000 lbs. of carbonic acid gas, so that the yearly produce of 
ciirbonic acid gas, from bdiacco-smoking alone, cannot bo estimated at loss than 

1.000. 000.000 lb.s. : a large contribution to the annual demand for this gas made upon 
tho atmo.spliere by the vegetation of the w'orld. 

It has been observed by Lane, the learned aniiotfitor of the ‘ Arabian Nights,’ (and 
the observation was confirmed by the experience of Mr. Layard, M.P., the explorer of 
Assyria), that the growth and use of tobacco amongst Oriental nations has gradually 
reduced the resort to intoxicating beverages; and Mr. Crawford, in a paper ‘ On the 
History and Consumption of Toliacco,’ in the Journal of the Statistical Society for 
March 1863, remarked, that simulUneously with the decline in the use of spirits in 
Great Britain, there had been a corresponding increase in the use of tobacco. 

Quantity of Consumption 

Year Population Tobacco consnmctl I>cr L(!ad 

1821 . . 21,282,960 . . 16,598,162 . . 11-71 oz. 

1831 . . 24,410,439 . . 19,533,841 . . 12 80 „ 

1841 . . 27.016,972 . . 22,309,360 . . 13-21 „ 

1851 . . 27,452,262 . . 28,062,978 . . 16-86 „ 

The actual quantity now consumed is not easily obtainable. It has certainly 
greatly increased, and all medical evidence goes to show that it acts injuriously on 
the health of the people. 

TOBACCO-PZPES are made of a fine-grained plastic white clay, to which they 
have given the name. It is worked with water into a thin paste, which is allowed to 
settle in pits, or it ma}' be passed through a sie\e, to separate tlie siliceous or other 
stony impurities ; the water is afterwards evaporated till the clay becomes of a doughy 
consistency, when it must he well kneaded to make it uniform. Pipe-clay is found 
chiefly in the Isle of Purbeck, in Dorsetshire, and at Newton Abbot, in Devonshire. 
It is distinguished by its perfectly white colour, and its gre.at, adhesion to tho tongue 
after it is baked, owing to the large proportion of alumina which it contfiins. See Ci^ay, 
A child fashions a hall of clay from the heap, rolls it out into a slender cylinder 
upon a plank, with the palms of his hands, in order to form the stem of the pipe. Ho 
sticks a small lump to the end of the cylinder for forming the bowl; vdiich having 
done, he lays the pieces aside for a day or tw'o, to g(t morn consistency. In propor- 
tion as he makes these rough figures, he arranges them by dozens on a board, and 
hands them to the pipemakcr. 

The pipe is finished by means of a folding brass or iron mould, channelled inside, 
of the shape of the stem of the bowl, and capable of being opened at the two (mds. 
It is formed of two pieces, orich hollowed out like a half-jnpe, cut as it were length- 
wise ; and these two jaws, when brought together, constitute tho exact space for making 
one pipe. There are small pins in one side of the mould, c(jrrospondiiig to holes in 
tho other, which servo as guides for applying the two tog(!ther with precision. 

The workman takes a long iron wire, with its end oiled, and pushes it through the 
soft clay in the direction of the stem, to form the bore, and he directs the wire by 
feeling -with his left hand the progress of its point. Ho hiys tho ])ipe in tlic groove 
of one of the jaws of the mould, with tho wire sticking in it; applies the other jaw, 
brings thorn smartly together, and unites them by a clamp or vice, which produces 
the external form. A lever is now brought down, which presses an oiled stopper 
into the bowl of the pipe while it is in the mould, forcing it sufficiently down to 
form the cavity ; the wire being meanwhile thrust backwards and forwards so as to 
pierce the tube completely through. The -wire must bccoine v isible at the bottom of 
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Ui 0 bowl, otherwise the pipe will bo imperfect. The wire is now withdrawn, the 
jaws of the mould opened, the pipe taken out, and the redundant clay removed with 
a knife. After drying for a day or two, the pipes are scraped, polished with a piece 
of liard wood, and the stems being bent into the desired form, they are carried to the 
baking kiln, which is capable of firing 50 gross in from 8 to 12 hours. A workman 
and a child can eiisily make 5 gross of pipes in a day. 

No tobacco-pipes are so highly prized as those made at Natolia, in Turkey, out 
of meerschaum, a hydrous silicate of magnesia, of a soft greasy feel, which is formed 
into pipes after liaving been softened with water. It becomes white and hard in the 
kiln. See Mkeuscuaum. 

A tobacco-pipe kiln should diffuse an equal heat to every part of its interior, while 
it excludes the smoko of the fire. The crucible, or largo sagger, A, A, jigs. 2008 
and 2009, is a cylinder, covered in with a dome l. It is placed 
over the fireplace n, and enclosed within a furnace of ordinary 
brickwork d d, lined with fire-bricks e, e. Between this lining ^ 

niid the cylinder, a space of about 4 inches all round is left 2008 

for the circulation of the fiame. There are 12 supports or ^ ” lE” 

riljs between the cylinder and the furnace lining, wdiich form 
so many flues, indicated by the dotted lines x, in^. 2009 (the i 

dotted circle repre.senting the cylinder). These ribs are per- 
forated with occasional apertures as shown in Jig. 2008. for 
the purpose of connecting the adjoining flues ; but the main ^ (I j 

bearing of the hollow cylinder is given T~ [i Bdb r:’ 

l>y five piers, b, c, formed of bricks pCJ 2009 h|F^® 

projecting over and beyond each other. J — n — i i p r- — t ® 

One of these piers, e, is placed at the Ir 1 1 

back of the fireplace, and the other four n| t 

at the sides These project nearly ) 

into the centre, in order to support and |[ ( y j 

strengthen the bottom; while the flues IH T* En- 

pass up between them, unite at the top I -y 

of the cylinder in the dome L, and dis- ■ ^ I .. . . IH 

charge the smoko by the chimney n. — ~l h [ r — I I ^ ^ 

The lining e, e, of the chimney is L-I— I EEr-l 

open on one side to form the door, by 

which the cylinder is charged and discharged. The opening is permanently closed as 
high as k, Jig. 2008, by an iron plate plastered over with fire-clay ; above this it 
i.s loft open, and shut merely with temporary brickwork while the furnace is going. 
When this is removed, the furnace can be filled or emptied through the opening, the 
cylindric crucible having a correspondent aperture in its side, which is closed in the 
following ingenious way, W'hilo the furnace is in action. The workman first spreads a 
layer of clay round the edge of the opening: he then sticks the stems of broken pipes 
across from one side to the other, and plasters up the interstices with clay, exactly like 
the lath-and-plaster work of a ceiling. The whole of the cylinder, indeed, is constructed 
in this manner, the bottom being composed of a great many fragments of pipe-stems, 
radiating to the centre ; these are coated at the circumference witli a layer of clay. 
A number of bowls of broken pipes are inserted in the clay ; in these other frag- 
ments are placed upright to form the sides of the cylinder. The ribs round the out- 
side, w'hieli form the fines, are made in the same way, as well as the dome l; by 


which moans the cylindric case may bo made very strong, and yet so thin as to 
I’cquire little clay in the building, a moderate fire to heat it, while it is not apt to split 
asunder. The pipes are arranged within, as shown in the figure, with their bowls 
resting against the circumference, and their ends supported on circular pieces of clay, 
r, which are set up in tUo centre for that purpose. Six small ribs are made to project 
inwards all round the crucible, at the proper heights to support the different ranges 
of pipes, without having so many resting on each other as to endanger their being 
criislied by the weight. By this motle of distribution, the furnace may contain 60 
gross, or 7,200 pipes, all baked within eight or nine hours ; the fire being gradually 
raised, or damped if occasion be, by a plate partially slid over the chimney-top. 

TOBB7, Sura, Mee-ra, ‘sweet juice,* The proprietors of cocoa-nut plantations in 
the peninsula of India, and in the Island of Ceylon, instead of collecting a crop of 
nuts, frequently reap the produce of the trees by extracting sweet juice from the 
flower-stalk. When the flowering branch is half shot, the toddy-drawers bind the 
stock round with a young cocoa-nut-leiif in several places, and beat the spadix with a 
short baton of ebony. This beating is repeated daily for ten or twelve days, and 
about the end of that period a portion of the flower-stalk is cut off. The stump then 
begins to bleed, and an earthy vessel (chatty) or a calabash is suspended under it, to 
receive the juice, which is by the Europeans called toddy ^ 
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A thin slice is taken from the stump daily, and the toddy is removed thrice a day. 
A cocoa-nut frequently pushes out a new spadix once a month ; and after each spidix 
begins to bleed, it continues to produce freely for a month, by which time another is 
ready to supply its place. The old spadix continues to give a little juice for another 
month, after which it withers ; so that there are sometimes two pots attached to a tree 
at one time, but never more. Each of these spadices, if allowed to grow, would pro- 
duce a bunch of nuts from two to twenty. Trees in a good soil produce twelve 
bunches in the year ; but when less favourably situated, they often do not give more 
than six bunches. The quantity of six English pints of toddy is sometimes yielded 
by a tree daily. 

Toddy is much in demand as a beverage in the neighbourhood of villages, especially 
where European troops are stationed. Sv^hen it is drunk before sunrise, it is a cool, 
delicious, and particularly wJiolosomo beverage; but by CM'ght or nine o’clock fermen- 
tation has made some progress, and it is then higlily intoxicating.* 

TOXiV is a brownish-red balsam, extracted from the stem of the Myroxylon tolui- 
ferumt a tree which grows in South America. It is composed of resin, oil, and benzoic 
acid. Having an agreeable odour, it is sometimes used in perfumery. It has a place 
in the Materia Medica. 

TO&VZDZSriS. A volatile base isomeric with lutidino, 

formed from toluole, by processes analogous in all respects to those by which aniline 
is produced from benzole. 

T0ZiV03bS. (C^H®). Syn. Hydmrei of toluenyle. A hydrocarbon pro- 

duced in the destructive distillation of the resin of tolu. It is also produced by tho 
decomposition of toluylic acid b}^ baryta at a high temperature. Coal-naphtha contains 
it in large quantity. Eor its physical properties, sec Carbo-Hydhides. 

TOMBAC, or White Copper. An alloy of copper and zinc, containing 85 per cent, 
of the former and 15 of the latter. 

TOir. An English weight of 20 cwts., according to tho statute, or 2,240 lbs. It 
varies in different districts : — 

South Wales, from 2,400 lbs. to 2,618 lbs. 

Ayrshire, from 2,464 lbs, to 2,520 lbs. 

North Staffordshire, coal, 2,400 Ihs. 

I)o. do. stone, 2,620 lbs. 

Copper ores are sold by the ton of 21 cwts. of 112 lbs. or 2,352 lbs. 

Ill Newcastle the leases are by the ton of 440 bolls of 36 gallons each = 48 tons, 
11 cwts. 2 qrs. 17 lbs. statute. 

TOBXA or TOBQirZir BBAIT. Tho fruit of the Dipteryx odorata affords a 
concrete crystalline volatile oil {stearoptene), called CouTnarine by the French. It is 
extracted by digestion with alcohol, which dissolves the stearoptene and leaves a fat 
oil. It has an agreeable smell, and a warm taste. It is fusible at 122° Fahr,, and 
volatile at higher heats. 

TOOTH, ABTZFZCZAB MABrxrFACTUBE. Teeth should be made of the 
best ivoiy. The following, however, is one of the processes adopted for the artificial 
manufacture of teeth. Pure quartz is calcined by a moderate heat. When taken 
from the fire it is thrown into cold water, which breaks it into numberless pieces. 
The pieces of calcined quartz are ground into fine powder. Next fluor-spar, free from 
all impurities, is ground up in like manner into a fine powder. 

The next step is to mix together nearly equal parts, by weight, of tho powdered 
spar and quartz. This mixture is again ground to a greater fineness. Oxide of tin 
is now added to it, for the purpose of producing an appropriate colour, and water and 
china clay to make it plastic and give it consistency. This mixture resembles soft 
paste, which is transferred to the hands of females, who are engaged in filling moulds 
with it. After the paste has boon moulded into proper shape, two small platina 
rivets are inserted near the base of each tooth, for the purpose of fastening it (by tho 
dentist), to a plate in the mouth. They are now transferred to a furnace, where they 
are ‘ cured,* as it is technically called ; that is, half-baked or hardened. Tho teeth 
are now ready to receive the enamel, which is applied by women ; it consists of spar 
and quartz which has been ground, pulverised, and reduced to tho state of a soft paste, 
which is dvenly spread over the half-baked body of the tooth, by means of a delicate 
brush. The teeth must be next subjected to an intense heat. Tliey are put into 
ovens, lined with platina and heated by a furnace, in which the necessary heat is 
obtained. The baking process is superintended by a workman, who occasionally 
removes a tooth to ascertain whether those within have boon sufficiently baked. This 
is indicated by the appearance of the tooth. 

* Oontributioia to the History of the C!ocoft-nat Tree. By Henry Marshall, Esq., Deputy Inspector 

HoepltalB. 
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TOPAZ. The fundamental form is a scalene 4-sided pyramid ; but the lecondary 
forms have a prismatic character, and are frequently observed in 4-8ided prisms, 
terminated by 4 planes. Tlio lateral planes of the prism are longitudinally striated. 
hractur(‘ Cf)ncli()ulal, uneven ; lustre vitreous ; colours, white, yellow, green, blue, 
generally of pale sliades. Hardness, 8 ; spec. grav. 3-5. Prismatic topaz con- 
sists, according to Berzelius, of alumina, 67*45 ; silica, 34-24 ; fluoric acid, 7'76. In 
a strong heat the faces of crystJillisation, but not those of cleavage, are covered -with 
small l)list(!rs, which however immediately crack. With borax, it melts slowly into a 
transparent glass. Its powder colours the tincture of violets green. Those crystals 
which possess diiforent faces of crystjillisation on opposite ends acquire the opposite 
electricities on being heated. By friction it acquires positive electricity. 

Most perfect crystals of topaz have been found in Siberia, of green, blue, and white 
colours, along with beryl in the Uralian and Altai mountains, as also in Kamtschatka; 
in Brazil, where they generally occur in loose crystals, and pebble-forms of bright 
yellow colours ; and in Mucla in Asia Minor, in pale straw-yellow regular crystals. 
They are also met with in the granitic detritus of Cairngorm in Aberdeenshire. The 
blue varieties are absurdly called (rricntal aquamarine by lapidaries. If exposed to 
heat, the Saxon topaz loses its colour and becomes white ; the deep yellow Brazilian 
varieties assume a pale pink hue, and aro then sometimes mistaken for spinelle, 
to which, however, they are somewhat inferior in hardness. Topaz is also dis- 
tinguishable by its double rofractivo property. Tavernier mentions a topaz, in the 
possession of the Great Mogul, which weighed 157 carats, and cost 20,000/. sterling. 
There is a specimen in the Museum of Natural History at Paris which weighs 4 ounces 
2 gr(js. Topazes are not scarce enough to be very highly valued. See Gems. 

TORBAXVZTS, or Torhanc-llill mineral. See Boghead Coal. 

TORBZTE. A preparation of Peat, for which works were established at Hor- 
wich, in Lancashire. It does not appear that this manufacture was attended with 
success. 

TORRBFACTZOXr. Boasting ores to deprive them of sulphur, arsenic, or other 
volatile substances. 

TORTOZSB-SBBZiB, or rather scale ; a horny substance that covers the hard 
strong covering of a bony contexture, wdiicli encloses the Testudo imhrioata^ Linn. 
The lamellae or plates of this tortoise are thirteen in number, and may be readily 
separfitod from the bony parts by placing fire beneath the shell, whereby they start 
jisiindor. They vary in thickness from one-eighth to one-quarter of an inch, ac- 
cording to the age and size of the animal, and weigh from 5 to 25 lbs. The larger 
tlio jinimal, the better is the shell. This substiince may be softened by the heat of 
boiling w'ater ; and if compressed in this state by screws in iron or brass moulds, it 
may bo bent into any shape. The moulds being then plunged in cold water, the shell 
becomes fixed in tho form imparUid by the mould. If the turnings or filings of 
tortoise-shell he sul)jected skilfully to gradually increased compression between 
moulds immersed in boiling water, compact objects of any desired ornamental figure 
or device may bo produced. Tho soldering of two pieces of scale is easily effected, 
by placing their edgtis together, after they are nicely filed to one bevel, and then 
squeezing them strongly between the long flat jaw’s of hot iron pincers, made some- 
what like a hairdresser’s curling tongs. The pincers should be strong, thick, and just 
liot enough to brown paper slightly without burning it. They may be soldered also 
by tlio heat of boiling winter, applied along with skilful pressure. But in whatever 
w.'iy this process is attempted, tho surfaces to be united should be made veiy smootli, 
level, and clean: the least foulness, even thotoucli of a finger, or breathing upon them, 
would prevent their coalescence. See Horn, 

Tortoise-shell is manufactured into various objects, partly by cutting out the shapes 
and partly by agglutinating portions of tho shell by heat. When the shell has become 
soft by dipping it in hot water, and the edges are in the cleanest possible state without 
grease, they are pressed together with hot fiat tx>ng8, and then plunged into cold 
w'litor, to fix them in their position. Tho teeth of tho larger combs are parted in 
tlu ir heated sUite, or cut out with a thin frame saw, while the shell, equal in size to 
two combs -with their teeth interlaced, as in Jig. 2010, is bent like an arch in the 
direction of the length of the teeth, as in Jig. 2011. Tho shell is then flattened, the 
points are separated with a narrow chisel oie ^priclker, and the two combs are finished, 
while flat, with coarse single-cut files and triangular scrapers. They aro finally 
w armed, and bent on the knee over a wooden mould, by means of a strap passed rouna 
tho foot, just as a shoemaker fixes his last. Smaller combs of horn and tortoise-shell 
are parted while flat, by an ingenious machine, with two chisel-formed cntteM placed 
oldiquely, so that each cut produces one tooth. See Eogers’s Comb-cutting Itfadiine, 
‘ Trans. Soc. Arts,’ vol. xlix. part 2, since improved by Mr. Kelly. In mttkiitt flie 
frames for eye-glasses, spectacles, &c., the apertures for the glasses were CttI 
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out to the circular form with a tool something like a carpenter^s centre-hit, or -uitli a 
crown saw in the lathe. The disks so cut out wore used for inlaying in the tops ot 
boxes, &c. This required a piece of shell .as large as the front of tlio spectacle ; but 
a pieco one-third of the size will now suffice, .as the eyes are attained or fmlcd. A 
long narrow piece is cut out, and two slits are luado in it ■with a saw. Iho shell is 
then warmed, the apertures are pulled open, and fastened upon a taper triblct of the 



appropriate shape ; as illustrated h'u figs. 2013, 2014, and 2015, The groove for the 
edge of the glass is cut with a small circular cutter, or sharp-edged saw, about three- 
eighths or half an inch in diameter ; and the glass is sprung in when the frame is 
expanded by he.at. 

In making tortoise-shell boxes, the round plate of shell is first placed centrally over 
the edge of the ring, as in fig. 2010 ; it is slightly squeezed wdth the small round 
edgeblock g, and the w'hole press is then lowered into the boiling water ; after immer- 
sion for about half an hour, it is transferred to the bench, and g is pressed entirely 
down, so as to bend the shell into the sha})e of a saucer, as at fig. 2018, without 
cutting or injuring the material ; and the press is then cooled in a W’ater-t rough. The 
same processes are repeated with the die whicli has a rebate turned away to the 
thickness of the shell, and completes the angle of the box to the section, 2017, 
ready for finishing in the lathe. It is .always safer to perform each of these processes 
at two successive boilings and coolings. Two thin pieces are cemented together by 
pressure with the die e, and a device may he given l)y the engraved die f {fig. 20 IG). 

T088ZVG or TOZZVG. A process in dressing ores, by which they are kept 
suspended in water by agitation. See Dkessino of Oues. 

TOVCK-VSXBUSS and TOUCB-STOXTS are moans of ascertaining the 
quality of gold trinkets. The touch-needles are bars of known composition, and the 
touch'Stone is black basalt ; according to the streak made by the article to be tested, 
as compared with that made by the needles, its quality is inferred. 

TOIFBM A TtlW A silico-borate of alumina and several other bases, usually 
with fluorine. This mineral is used in the construction of polariscopes. The black 
varieties are known as Schorl, the red as Bubellite, and the blue as Indicolite. 

T01F8«liM8«MOI8. A name given to a kind of starch obtciined from the Caima 
edulis, one of the Marantacea, or Arrowroot order. 

TOW. See Plax. 

TBAG AOA»TH< GTlCf (Gomme adracante, 'Ft. ; Traganth, Ger.) See Gum. 

TKA88 or TA8lltA8i A German term for a tertiary earth, probably volcanic, 
which occupies areas in the Eifel district of the Rhino. Its basis appears to be 
pumice-stone, mixed with fragments of basalt and calcined slate. When powdered it 
li us0d| like the fozzclano of Italy, as an hydraulic cement. 
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TRAVSftTXXr. A white concretionary limestone deposited from springs holding 
carbonate of lime in solution. Travertin, is compact; tufa is a porous body. 

TRSAC]bS is the viscid brown uncrystallisablo syrup which drains from the sugar- 
refining moulds. Its spec. grav. is generally 1‘4, and it contains upon an average 7^ 
per cent, of solid matter. See Sugar. 

TXLBFOX]«, BXTTBR. One of the clovers which possesses a bitter taste. 

TBBITT S ABri> or WB AJLPE. A river sand found in some parts of the Trent, 
and also in the Severn, and some other places; used for polishing German silver. 

TBXPOXiZ {Terre 'pouTTWy Fr. ; Trifely Ger.) is a mineral of an earthy fracture, a 
yellowish-grey or white colour, composition impalpably fine, meagre to the touch, 
does not adhere to the tongue, and burns white. ^ 

M. Ehronberg has shown that those friable homogeneous rocks, wEicli consist 
almost entirely of silica, are actually composed of the exuvise or rather the skeletons 
of Infusoria {animalGulee), of tlio family of BarcvllaricBy and the genera Cocconemay 
Gemphonerna, &c. They are recognised w’itli such distinctness in the microscope, that 
their analogies with living species may bo readily tracer!, and in many cases there is 
no appreciable difference between the living and the fossil forms. The species are dis- 
tinguished by the nuriiber of partitions or transverse lines upon their bodies. Tho 
length is about of a line. JVl. Ehronberg made his observations upon the tripolis 
of iiilleri in Bohemia, of Santafiora in Tuscany, of tho Isle of France, and of Francisbad, 
near Egor. 

Trij^li is said by Brooke and Miller to bo found near Prague in Saxony, in France, 
Tripoli, Corfu. Tripoli has been confounded by many writers with the English 
Eottenstone. Mr. Kirwan, in his ‘ Elements of Mineralogy,* says, ‘ Mr. Haase who 
has lately analysed it found 100 parts of it to contain 90 of silicious earth, 7 of argill, 
and 3 of iron ; but the rod sort probably contains more iron.* 

TROnZPB, THE. Tho trompc, or water-blowing engine, figs, 2019, 2020, 2021, 
is employed in some of tho gi’oat metallurgical works of the Continent, Fig. 2019 is 



n 


the elevation ; fig, 2020 is a vertical section, made at right angles to the elevation. 
Tho machine is formed of two cylindrical pipes ; the bodies of the 6 6, set np- 

VoL, IIL 5 U 
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right, called the funnel, which terminate above in a water-cistcm and below in a 
close basin under c, called the tub or drum. The conical part p of the funnel has 
been ciilled eiranffuillon, being strangled, as it were, in order that the water discharged 
into the body of the trompe shall not fill the pipe in falling, but be divided into many 
streamlets. Jlelow this narrow part, holes, q^q, are perforated obliquely through the 
substance of the trompe, called the vent-holes or nostrils, for admitting the air, which 
the water carries with it in its descent. The air afterwards parts from the water, by 
dashing upon a cast-iron slab, placed in the drum upon the pedestal d. An aperture, 
at the bottom of the drum, allows tlie wjiter to flow away after its fall ; but to prevent 
the air from escaping along with it, the water as it issues is received in a chest, 
Imon, divided into two parts by a vertical side-plate between mn. By raising or 
lowering this plate, the water maybe maintained at any desired level within the drum, 
so as to give the included air any determinate degree of pressure. The superfluous 
water then flows off by tlie hole o. See Aspiratok. 

The air-pipe e f,Jig. 2021, is fitted to the upper part of the drum ; it is divided, by 
the point f, into three tul)es, of which the principal one is destined for the furnace of 
cupellation, whilst the other two, gg, serve for different melting furnaces. Ejich of 
these tubes ends in a leathern pocket, and an iron nose-pipe, k, adjusted in the tuy^‘re 
of the furnace. At Pesy, and in the whole of Savoy, a floodgate is fitted into tlio 
upper cistern, a, to regulate the admission of w’ater into the trompe ; Init in Carniola 
tlie funnel is closed with a wooden plug, suspended to a cord, wdiich goes round ji 
])ulloy mouutt^d ujxin a horizontal axis, as shown \njig. 2020. By the plug a l)cing 
raised more or less, merely the quantity of waiter required for the opera! ion is admitted. 
The plug is pierced lengthw'ise with an oblique hole, cc, in which the small tube c is 
inserted, with its top some w'ay above the waiter level, through which air may be ad- 
mit led into the heart of the column descending into the trompe 7? q. 

The ordinary height of the trompe apparatus is about 26 or 27 feet to the upper level 
of the water- cistern ; its total length is 11 meters (36 ^ feet), and its width 2 feet, to 
give room for the drums. It is situated 10 meters (3oJ foot) from the melting furnace. 
This is the case at the smelting works of Jauerborg, in Upper Carniola. 

TROXVA. A name given by the Africans to Katron. 

TROiraXiBS. Disturbances in the strata, interfering wdth the progress of work 
in a coal mine, 

TRITFFZiES. A mushroom-liko vegctjildc production, found underground in 
Northamptonshire and elsewhere, but imported as a luxury from Italy. 

TITBSB. TJie manufacture of iron tubes for gas, w'ater, and other purposes has 
become one of extreme importance. Mr. Bussell, of Weclncsbury, patented a process 
which has been carried out on a very large scale. In this process plate-iron, previously 
rolled to a proper thickness, is cut into such strips or lengths as ma}* he dcsiiMble, 
and in breadth corresponding with the width of the tube intended, to lie formed. 

The sides of the meUil are tlien 
bent up wdtli swages in the; usual 
W'ay, so as to bring the two edges 
as close as possible together. The 
iron thus bent is then jdaced in 
an air or blast furnace, and 
brought to a welding heat, in 
whieh state it is withdrawn and 
phictjd lujder the hammer. Fig. 
2022, A, is the anvil having a 
block or bolster, with a groove 
suited to and corresponding with a 
similar groove n, in the hiee of the 
block, c is a wheel wdth projecting 
knobs, which, striking in succes- 
sion upon the iron-s]](xl end of the 
hammer-shaft, causes it to strike 
rapidly on the tube. In this pro- 
cess the tube is repeatedly heated 
aud hammered, until the w'elding 
is complete from end to end. A 
mandril may be inserted or not during the operation. When the edge.s of iron have 
been thus thoroughly united, the tube is again heated in a furnace, and then pissed 
through a pair of grooved rollers similar to those used in the production of rods. jig. 
2022. Suppose a tube d, to be passing through these rollers, of whieh Jig. 2023 
represents a croas-section, immediately upon its being delivered from the groove it 
receives an egg-shaped core of metal fixed upon the extremity of the rod e. over 
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wliich the tube sliding on its progress, tho inside and outside are perfected together. 
Mr. Oort patented a similar process for tho manufacture of guu-barrcls. 

Brass or copper tubes are formed of rolled mebil, which is cut to tho required 
broadtli by moans of revolving disks : in the largo sizes of tubes the mebil is partially 
curved in its length by means of a pair of rolls ; when in this condition it is passed 
through a steel hole or a dio, a plug being held in such a position as allows the metal 
to pass between it and tho interior of tho hole. Oil is used to lubricate tho metal ; 
tho motion is communicated by pow'er, tho drawing apparatus being a pair of huge 
nippers, which holds the brass, and is attached to a chain and revolves round a wind- 
lass or cylinder. Tho tube in its unsoldered state is annealed, bound round at 
intervals of a few inches with iron wire, and solder and borax applied along the seam. 
The operation of soldering is completed by passing the tube tliroiigh an air-stove, 
liealod with ‘ cokes ’ or ‘breezes’, which melts tho solder, and unites the two edges 
of the metal, and forms a perfect tube ; it is then immersed in a solution of sulphuric 
acid, to remove scaly deposits on its surface, tho wire and extra solder having been 
previously removed : it is then drawn through a ‘ finishing hole plate,’ when tho tube 
is completed. 

Miindril-drawn tubes, as the name indicates, are drawn upon a very aecuratoly 
turned steel mandril ; by this means tho internal diameter is rendered smootli ; the 
tube formed by this process, is well fitted for telescopes, syringes, small pump- 
cylinders, &c. 

The manufacture in all its details is described by Mr. W. C. Aitken, of Birmingham, 
in the following article : — 

Mmmfacture of 2\ihcs in Lead, Tin, Iron, Steel and Brass, whether soldered, 
plain, taper, ornamentiil, solid, or seamless. 

Tho introduction of water into public and private esttiblishmeuts as provision for 
heating and ventilating, the use of tubes for the conveyance of gas, tho largo demands 
for tubes also required in the construction of locomotive and marine engine-boilers, 
have been tho means of developing what is now an important branch of national in- 
dustry. Tubes or pipes are essential requisites of the day, and may be said to have 
originated in tho practical application of science to tho wants of theprosent and coming 
generations : as pipes to let pure water in and carry foul water out, pipes for warming, 
ventilating, and drainage, pipes to bring in gas, and to carry away the results of its 
combustion, pipes for the rich man’s marble or earthenware bath, pipes for the poor 
man’s brick kitchen, pipes for fountains and cesspools, for arresting conflagration 
and pestilence, for the locomotive on tho iron road, and the steamboat as it cleaves the 
ocean-wave. This brief allusion to the multifarious uses to w’hieh pipes or tubes 
are applied may bo accepted either as introductory to the modus operandi or means by 
which tubes are produced from various metals. There is every reason to beliovo 
that in the early stages of tube-manufacture tubes generally were formed by casting, 
the. aperture being produced by means of a core of sand laid in a print in a mould. 
They were cast in short lengths, and soldered together, or they were turned up from 
flat sheet-metal and tho edges united by moans of soldering if lead or brass ; or if of 
iron, they were w'oldod ; the methods of manipulation now adopted arising from the 
increasing demand for such forms of metal. 

Luid-pipes were formerly produced by being cast in sand-moulds, a cylinder or ‘ core ’ 
of sand being laid in corresponding to the internal diameter of the aperture. These 
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were cast in short lengths and soldered together, or they were produced from milled 
or rolled sheet lead and soldered together with soft or plnmWs solder at the seam or 
junction of the two edges of the sheet lead: then followed the process bv whiAh 
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tube was elongated from a thick cylinder, or billet of lead, by means of the 
drawbench, the 1)11161 in its interior being supported by n mandril of steel ; and in 
that condition it was drawn through a succession of wortles or tools which diminished 
the external diameter of the billet until the desired external diameter of the tube 
was arrived at. As, however, the drawbench is an impo^nt machine in the 
production of tube formed of every kind of metal, a cut is here introduced to show its 
construction. 


Iwfuh 2025, an elevation of drawbench, a a a a represents the frame of the draw- 
bench ; c the pinion connected with the driving shaft of the engine ; b the toothed 
w’heel ; n d D D, the endless chain ; k the clip to which the plyers are attached ; f the 
two snags or standards against which the die m is held in the process of drawing. 



^is against which the die m is held in tne process oi drawing. 
Fig. 2026, represents an end section of the drawbench at f ; 
fig. 2028, representation of a section of endless chain ; fig. 
2029, section of wheel and pinion, ii represents the driving 
shaft, and o the pulley or sheaf in which the chain moves. 
Fig. 2030, K show's hook which is inserted into interstices 
of endless chain at n, into which the plyers or nippers are 


attached in which the spit, mandril, or metal is placed and held in the process of 
drawing llio tube. Fig. 2027 represents the ' snags’ or standards against w'hicb the 
tool Mis held. Fig. 2031 represents section of tool m; fig. 2032 section through g 
showing projections which catch tlic interstices or a})orriires in chain, fig. 2028, 
arid drag it along ; a corresponding pulley or slieaf is placed at i.fig. 2025. 

Reverting to the manufacture of lead -tube, the billetw’as cast in metal moulds or chills, 
thus,/^.2033,AAArepresenls metal mould and b the steel mandril ; into the space cc,tho 
lead was poured ; the result W'as acasting or‘billet,’ w’hen the mould wais opened, and the 
mandril :u withdrawn. The result w'as a hollow cylinder, ./i^. 2034, in section. Into 
the space v n a mandril was introduced, 2035, in form corresponding to its internal 
diameter, the parallel part of mandril n d being of the length of the intended tube. 
The ‘ billet’ alluded to WJis passed on to tbe mandril i) u ; and held by tho shoulder of 
the diminishing part thereof in front of the nose of the billet, and on tho reduced 
portion of the mandril a series of ‘wortles’ or ‘dies’ 
were placed, diminishing in diameter to Ihc required 
external size of the tube ; in this condition the mandril 
and billet was taken to tho draw'bench, the largest die 
})lae(!d against the snags or rest for tJie dii;, and tho 
billet draw’ll through and thereby redueet.l in diameter 
and elongated : then follow’ed drawing through the 
other and smaller or diminishing dies in succession as 
described ; the last operation consisted in withdrawing 
the spit or mandril : an easy operation, and simply 
effected by reversing the billet and using a die, tho full 
size of the mandril to be withdrawn, tlie drawbcncli 
assisting in the operation. Ry a similar jjrocess, 
Block Tin tube, now so largely used in g.as-fitting, for 
liquor-fountains, and other purposes, is still made ; its 
brightness being prdcluced in the process of drawing 
by a cutting-die, which shaves off a thin ])ortion of the 
metal and exposes its brilliancy: tho polish is given by 
the dies which follow in succession. It w'ill, liowcver, 
bo evident that tho process alluded to is a slow one, and 
but imperfectly adapted to supply tho great demand for 
lead-pipes now existing. An exceeding rapid process 
for its production is now adopted, in which an hydraulic 
press, operftting on a molten mass of lead, forces it in 
its molted state through a suitably-formed finnular 
space, and produces lengths of tube limited only in 
their length by the quantity of liquid lead operated 
upon. The process will be best understood by reference 
to the cut, Jig. 2036, which consists of a double-ended piston, operated upon by a 
hydraulic apparatus, a lead fiirimco, and a nosel or exit from which issues tho pipe 
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made. Supported on pillars k k stands an arrangement of metal in which is inclosed 
an annular furnace under c, represented by a a, with proA’ision for introducing fire. In 
centre, marked c, is the melted lead contained in a cylinder fitted with piston, con- 
nected with that of the hydraulic press, d ; the hnid is introduced at the spout or 
feeder, B ; on the cylinder, c, being filled, the feeder, n, is unscrewed, and a solid plug 
introduced. The white line ascending through the space, c, is a mandril, Avhicn is 
tlio size of the interior of the intended tube, k represents suitably-formed dies, the 
size of the external diameter of the tube required ; the space between the interior of 
the die and the exterior of the mandril is that through which the melted load is forced 
which forms the tube, it being formed, Cf)ngoaled, or solidified at the point where it 
comes in conUict Anth the external atmosphere, the forcing up of the lead being pro- 
duced by tlio water in gate-pipe o being connected with the pump which, set in motion, 
forces the water under the packing of the piston k ; this raises it, and it in turn, 
operating on the piston, which works up in the interior of the cylinder conbiining the 
11 aid, or melted lead, presses it out from the space between the die and the mandril. 
As the tube is made it is wound into coils on a reA’ohdng drum f, which is placed o\^er 
the press ; the size of the mandril and the die may bo changed, and tubes of lead of 
any size and length can bo produced by this ingenious process, alike simple and 
speedy in its operation. 

TAc Manvfacturc of Wroicght-iron Tiihc. There is an immense demand for wrought- 
iron w'eldod tul)0 now uniA^orsally used in conducting gas for lighting, water, steam 
for heating, or for boilers for locomotive- and marine-engine purposes (though there 
are reasons for belioAnng that for the last two purposes tlie application of good 
brass tubes as a substitute is on the increase). The first impetus given to the 
manufacture of welded iron tube arose immediately after the practical demonstration 
of William Murdock as to the possibility of lighting public establishments by means 
of gas, consequent on the experiments made by him at Kedruth in Cornwall in the 
year 1 792, the facility affi)rded by iron of being united by Avelding natumlly sug- 
gested iron tubes as a means of couAmying tlie new lighting agent. No doubt tlio idea 
of applying iron-pipe for the purpose arose from the A^ery great quantity of gun- 
barrels made for the construction of the ‘Brow'ii Bess’ guns used in the continental 
wars terminating in the year 1815. Great quantities of barrels, incapable of 
standing the necessary charges in proA'ing, Avere thrown on one side, and AV'hen the 
introduction of gas began to be faAmurably entertained, these waste barrels were 
united together by means of screwing the ends of the barrels, and connecting them 
by means of ferrules of iron screAA’ed internally; they were thus converted or 
made into long lengths ; the ordinary length of gun-barrels permitted of their 
being readily welded up the joint or seam, when the two edges of the ‘ skelp/ as 
the piece of iron was called from which the barrels were made, were brought in 
contact. Of course the kind of gim-birrcls referred to were not of the first class ; but 
for ordinary use, simply a skelp of iron beaten in a groove, or partially turned up by 
a hammer in a grooved tool placed on tho anvil until they formed a half- closed tube 
of iron, and they Avero finally lap-joint-welded, i.v. the two edges of the skelp, when 
in a position that they overlapped each other, such operation being performed entirely 
by manual labour. Tho next step consisted in application of the tilt-hammer 
or hammer w’orked by poAver, see fig. 2022, and eventually tho welding and 
reduction of tho billet or turncd-iip skelp was eftbetod by rolls, see figs. 20211, 
and 2021. ITowevcr much and numerous tho A’^arious patents for the manu- 
facture of iron-tube may have operated in improving the production of iron 
tubing, it is A'ery evident, that of tho number many have been abandoned as 
worthless or too complicjitod and expensive in their operation. Thus Cook in 
1808 suggested three several processes for tho making of barrels or tubes : i.e. to 
drill a hole through a solid cylinder of iron, introduce a mandril and then reduce 
the extcTiial surface by draAving down by grooved rolls ; to weld up a strip or 
skelp as already described ; or to forco a flat disk of iron into a cup-like form, and 
elongate tlie same by drawing down or rolling out. In 1811 a patent was taken out 
in Avhich tho turnod-up skelp was welded on a grooved anvil or swage, the 
hammer being mov^ed by power, an internal support being used. Osborne in 1817 
used grooved rolls for ‘turning up’ : tlie mandril was stationary, and held by means 
of a shield. Eiissoll in 1824 welded by moans of a hollow-faced hammer and a 
tool ; tho latter held the tube while the operation of welding was being proceeded 
with : this jiatent was unsuccessful, and was abandoned. Whitehouse in 1826 
suggested tho idea that an internal support might bo got rid of altogether, and the 
weld effecrtcKl in a ‘ butt ’ jointed tube by external pressure only ; this is the method 
now generally adopted as being the simplest and best for tho production of iron-tubes 
for purposes of gas-fittings. In 1831, Eoyl attempted to evade 'Whitehonae’a patents 
of weldiog without internal support by using rolls instead of bell-mouth plyers, or 
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compressible tools or dies- In 1826, Harvey and Brown used a long-ondod mandril 
with bit attached thereto, corresponding to the internal diameter of the iron tube 
wliich ^ras to be welded. Ilussell in 1836 attempted to expedite the production of 
iron tube by taming up the end of the skelp to a tube-like form, and when the iron 
was at welding heat, on being drawn through the tool, the entire length of the skelp 
was turned up, and welded by one operation or heating, cither by moans of rollers or 
bell -mouthed plyers, as already described. Prosser in 1840 followed in intention 
the last-described process, using, however, a tool composed of four pulleys, operated 
upon by pinions, and a long-shanked mandril with a thick end : the end of the skelp 
was in this process turned up to enter the combined roller die ; it was heated and 
welded, passing over the thick pjirt of the mandril when being welded. A united 
patent of Ilussell and Whitehouse, tjikcn out in 1842, and specially adapted for the 
production of locomotive- and marine-engine boiler tubes, consisted in introducing a 
mandril of smaller diameter into the turned-up tube, the edges of which were 
thinned ; the mandril lay immediately under the overlapping edges of the joint ; the 
tube being heated, was then passed under rollers, which pressed the laps or edges of 
the skelp together on the internal support and produced a firm, strong, and substantial 
joint or weld. In 1844-5, Eussell, instead of passing the tube through the tools, used 
a moveable bed on which the tube to be welded was laid; the mandril in tliis 
process was either placed in the interior of the tube, or was held stationar}" at the 
point- of Avelding, or immediately at the point of contact or pressure of the rolls, and 
the tube jiassing under it was welded : the tube in this process required two heatings to 
weld it into its entire length. It will be evidi'iit that the majority of thesis patents 
ring the changes on the roller alternating uith the ‘plyer’ mode of welding; the 
former method having been used by Mr. Bush in 1780, not for welding purposes us 
regards tubes, but ff)r the production of lead-tube, being used by him for rolling down 
the thick Itillet of lead in order to elongate and reduce it in its external diameter. 
Of the patents noticed, the majority depend on tho use of rollers ns a means of 
welding in connection with an int-ernal mandril, }>ointing to the conclusion that, 
previous to the introduction of the amended Patent Law in 1852, such arrange- 
ment of tools or welding mjicliines included therein must have formed, as they did, 
fertile sources of litigation. A somewhat ingenious process for making tubes to 1)0 
applied for locomotive' and mju’in e-engine boiler purposes was carried into execution 
by the late l\Ir. liichard Prosser in the years 1852-3. In this process tho welding of 
the tubes was attempted to be got rid of altogether by a jirocess dependent entirely on 
the acc’uracy of the preparation of the skelp, and the closing of its edges ; the skelp, 
being placed on the lied of a jilaning machine, had its two outer edges planed down to 
half the thickness on the opposite sides of the sheet, thus; see a,,%. 2037, a stationary 
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cast-iron grooved bed die, the entire length of the intended tube, with corresponding 
convex tool, which descended and couveilxjd the fiat metal into the form rcpresi'nted at 
2037. In this condition a concave die. descending in a similar manner, turned over 
the edges of the metal, which was eventually forced down, and assumed the cylindrical 
form as represented at c, as the tightness of the tube; was dependent on the accuracy 
of the planing of the edges of tlie skelp and the closeness with which these (ulges were 
brought together, the only means of retaining these firmly being the cohesion of the 
joints arising from the pressure of the water in the interior of the boiler. Perfect as 
those joints W'ere made, the vibration of the engine speedily opened them, and the tube, 
it is almost unnecessary to add, was not a success. 

The manufacture of welded ‘edge and edge’ or ‘ butt’ and ‘lap ’jointed iron tube 
is practised asfollow's: — The iron of which the tube is made is received from the manu- 
facturer of iron in the form, thickness, and breadth required for the tubes of the 
various diameters and thicknesses of metal necessary for the purposes intemled ; it is 
cut into leingths, and then heated to a red heat in a reverberatory furnace of sullli i -nt 
length to heat the iron at one operation. This furnace is similar in construction to a 
soldering stove, shown at fig, 2047 ; the heat is also regulated l)y dampers ; it can, 
however, be raised to a higher temperature. When heated tho ‘ skelp ’ at its end is 
beaten into a semi-tubular form, and after passing it through the tool, it is taken hold 
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of with the plycrs of the drawboncli and drawn through its entire length, the tool 
either being a pair of rolls, as in jig, 2040, or a two-part conical pair of dies united 
together as a pair of plyers ; see^f^. 2038. 2039 the operation of the die, &c., 

is shown in welding, after a second heating ; a a is section of bell-mouthed tool ; b the 
unwelded tube ; c, the portion drawn through the tool or die, and welded in passing 
through ; this completes the manufacture of a ‘butt or jump-joint welded tube for gas 
or the transmission of a fluid in which the pressure is not great.’ 

In the manufacture of a ‘lap’ welded tube, the manipulation is more complicated, 
as the edges of the iron to be welded require to be thinned preparatory to welcfing, and 
tills is effected l)y drawing the edge of the sheet against a suitably-formed cutter, 
wliicli cuts away the desired metal from the opposite sides of the mebil, which come 
together, and form the ‘lap’ to be welded; see fig. „ 

2041. The flat strip is then worked into an oral form 
entire length, the lap being in the centre of the 
L i longest diameter of the oval in a transverse section ; 2042 

|PB see jig. 2042. Down the centre of this oval-formed 

i ijla I unwelded cylinder, a mandril is introduced, a, 

pW which forms an internal support : the tube being 
I •] lieatcd, and the mandril inserted, the tube is passed 

through rolls to effect and complete the weld. The 
tube is brought into a cylindrical form bypassing through rolls, the reverse or largest 
diameter being compressed or converted thercl)y into a cylindrical tube ; the rolls are 
operated upon by screws which permit of their being pressed down into closer con- 
t.Mct, and to convert an oval opening in the rolls wlieii asunder or not screwed down 
into a circular opening, when the rolls are brought into closer contact. 

The Mamtfacturc of Sfed Jubrsfor Oi'd.nance., Gim-barriis, and other piirjyoscs, has 
recently been carried into practical usefulness, and more particularly so since the 
extensive applicfition of the Ihissomer process. Ingots of iron produced by the process 
named are reheated, and hammered in every (.lircction, so as to ensure perfect homo- 
geneity of substance uud material, and the ingot reduced in thickness and increased 
in breadth. To form a cylinder for a heavy gun or rifle, tlie centre of the blank of 
steel is operated upon by a punch moved by machinery’, which not only condenses the 
metal operated upon, but in moving radially forms or raises the disk-like mass into a 
partially-formed solid-ended crude cup, eventually into a steel billet : into the centre 
of the billet a mandril is ins(U’tod, and it is elongated and compressed until the 
desired length and dimensions of the tube reqiiired are arrived at. The lightness and 
strength of steel in a tubular form suggests its fipplicability to large-sized shafting 
hitherto made of solid iron, and to other purposes where great masses of steel wei’(» 
forged solid and bored out. When this process of manufacture is perfected, and 
consequently cheapened by being more generally .applied, steel tubes, cylinders, and 
hollow shafts will supersede the use of tubes, large solid shaftings, and many tul)ular 
articles now made of iron. 


The Manufacture of Brass Tube of the ordinary kind, known as Soldered . — This 
variety of brass tube, so largely used in the manufacture of gas-fittings, cornice-poles, 
and other articles in which brass tube is employed in the construction, is made from 
brass cast in thick strips, and rolled out into sheets of the thickness required. These 
sheets are cut into ril>bonsin breadth corresponding to that necessary to produce, when 
turned up, tube's of the various diameters required. This is done by means of revolv- 
ing disks of steel, or cutters fitted into a frame, and operated 
upon by a winch-handle when worked by hand, or attached to 
a shaft in connection with an engine when moved by power, 
see jig. 2043 ; e e, represents a cast-iron frame ; c c, the re- 
volving disks of steel, or cutters; a, a moveable gauge, in 
order to determine the breadth and guide the edge of the 
sheet brass to bo cut; u n are pinions wdiich are attached to tlio 
spindles which c.arry the cutters, and i> the winch-handle to 
move llie cutters when worked by hand. 

When the metfil of which the tube is m.ade is thin, and the tube is small in dia^ 
meter, it is readily formed into a cylinder by simply converting the end of the ribbon 
into a tange by hammering together tlie metal which forms the end of the ribbon, in 
order to allow it to enter the drawing tool, using also an additional funnel-shaped tool 
to gather up or concave the ribbon in its width. This is assisted by a ta]^ering iron 
X)lug held in the fiinnel-sluiped gathering-up tool already alluded to. This arrange- 
numt is represented infiq. 2044 ; a representing the snag of drawbench against which 
the tool rests ; b, the tool or die ; c, the trumpet-shaped or * gathering-up ’ die ; k, an 
iron tapering plug; n, a wedge, in order to prevent nfrom being drawn in and stopping 
the metal being turned up in its x)Mssago tlirough the ‘ gathering-up’ tool and die, thua 
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converting the ribbon of brass into a tubular form, the edges of the ribbon forming a 
longitudinal opening down the entire length of the partially-formed tube ; this longi- 
tudinal opening or slit and the edges of ^e metal are brought closer together by re- 
moving the wedge d, and checking the passage of the ribbon, when the pull of the 
drawbench brings the two edges of tlie partially-formed tube closer together. Tubes 
of larger diameter and of thicker metiil, however, require the breadth of metal neces- 
sary for their construction to be rendered concave in their entire length, to fficilitite 
the operation of turning the metal up ; and this is done by means of a pair of rolls, 
one of which has on it a series of projecting bends of varying diameters in convexity ; 
the corresponding roll has corresponding concave grooves, as shown in fig. 2046. The 
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width of metal is presented to that portion of the roll which will impart the neccssnry 
degree of concavity to the strip in its entire length. It is then passed through llie 
rolls, and in passing through is converted into a concave trongh-like piece of sheet 
metal. As in former descriptions in reference to thin metal, the end of the metal is 
beaten into a tange to be caught by the plj^ersof the drawbench. This tange is passed 
through the drawing tool, laid hold of by the plyers, and drawn through the tool ; its 
edges arc drawn together by a final pinch or puli of the drawbench. The next opera- 
tion is that of soldering or uniting the two edges of the motsil together : previous to 
this the partially-formed tube is annealed, and immersed in a solution of weak acid, 
W'liich removes the scale and grcfise used in lubricating the motfil to facilitate its pas- 
sage through the tool in turning up from a ribbon to its tube-like form. After the 
acid is removed by immersion in pure water, the open- jointed tube is in a condition to 
be soldered at the joint; previous, however, to this it is necessary to land the tube 
round with wire at greater or less distsincos, in order to prevent the seam from opening 
in the fire when the metal becomes relaxed with the heat of the soldering stove. Tlio 
wire used is annealed or soft-iron wire ; it is passed round the tube, and its ends 
twisted together; m'fig. 204G. Along the open joint is laid granulated brass solder, 
mixed with borax, the latter acting as a flux, at the same time keeping the edges of 
the joint clean. 'Jlie solder fuses at a lower temperature than the tube to be soldered. 
When the solder lias been distributed along the seam of the tube (this and the pre- 
ceding operation usually being performed by women and girls), the tul)o is in a con- 
dition to be passed into the hands of the soldcrer. The soldering furnace or stove 
has a provision for a fire 6 or 7 feet long, which burns in a firebrick square tunnel, 
open at both ends for the introduction of the unsoldered tube at one eud, and wlion 
soldered to remove it at the opposite end. The fuel used is small coke or ‘ breezes ; ’ 
coal until reduced to coke would prevent by its smoko and consequent low beat the 
fusion of the solder. Fig. 2047 show's a section through length of a soldoring stove, 
and fg. 2048 a perpendicular section of the same. AAAAA^Jig. 2047, is brickwork; 
D D, clampers, to regulate the draught of fire and increase or diminish its intensity ; 

cc are iron bars, on wdiieh tlioso rest 
on which the fire is placed ; and ]j n, 
the tube which is to undergo the 
soldering process. The pipe is in- 
serted at one end ; the fii’e phjying 
under and over it, speedily heats the 
tube ; the necessary heat to fuse the 
solder arrived at, it fuses and uuites 
the two edges of the metal, and the 
operation of soldering is completed. 
If the tul)(! has been bound round 
with wires, these are untwisted and taken off, and in order to gcit rid of the borax, the 
tubes are immersed in long troughs of wood, lined with lead and filled with a ‘ pickle,’ 
composed of a solution of oil of vitriol and water. After remaining in this bath for a 
limited period, and being rinsed out in water, the superfluous solder is filed off, and 
the tube is in a condition to receive its final finish in the dni\v])cnch, which is efiected 
by placing a drawing-tool so formecl that its internal diameter lias more friction on tlie 
4ub© than the one used for ‘ turning up’ the tube from the ribbon, the tange of tlie tub© 
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IS passed through the tool, aud laid hold of by the plyers attached to the chain of the| 
bench, tlio wheels arc tlirown into gear, and the tube is drawn through and receives in 
the operation the fine smooth surface apparent on well and carefully drawn brass tubes. 

The Ornamentation of Tubes in Brans, ^c . — The action of the drawbench being, as 
its name indicates, to draw or pull a partially-formed cylinder through a steel tool or 
die, the tool or die being placed at right angles, the aperture in the centre of the tool 
being placed parallel to the surface of the top of the drawbench, suggests that if the 
tube is cylindrical, reeded, fluted, square, oval, hexagonal, polygonal, or angular in 
its entire length, any of these forms may readily be produced, by simply substituting 
a draw-plate, the aperture of which corresponds to the external configuration of the 
desired form of the tube. Tubes which hare spiral, concave, or convex twists or 
threads, traversing their entire length, however, require pecu- 
liarly formed tools or dies, and an arrangement in their use to 
meet the requirements of the desired stylo of ornamentation. 

Tubes shown in^^. 2049, A n c, are produced from metal, 
first ornamented by the introduction of perforated sheet zinc 
between two sheets of metal, and in that position the three 
sheets are passed through a pair of rolls, the perforated zinc, 
by the pressure in rolling, being forced into the surface of 
the brass to bo ornamented ; the raised portions of ornament 
in relief ; as the quatrofoils, disks, and diamonds, correspond- 
ing to the perforations in the zinc introduced between the 
two sheets of brass to be ornamented. This stylo of orna- 
mentation of flat metal wns introduced by R. F. Sturgos, of 
Birmingham, in the year ]8r)2, and is identical with the pro- 
cess employed in the production of the plates used to produce 
impressions from natural objects, and known as Nature- 
Printing. The same effect would bo produced by steel rolls cut with ornamental 
devices on their outer circumference, but the expense of such rolls being very great, tlie 
perforated zinc, considering the limited character of the demand for such tubes, is more 
economical. The ornamental metal being cut up into the breadth required, is made 
into tube by the process already described as that by which ordinary soldered cylindrical 
brass tube is made. 

Another variety of ornamontfil tube is produced by a very ingenious process intro- 
duced also in the year 1852, by Mr. Fearn. In this pi’ocess the ornament is impressed 
on the surface of the tube after it is made : the tool used is formed by a construction 
of rolls as shown at /iff, 2050, the internal or hollow surface of the rollers which press 
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upon the tube being cut with the necessary design, the cylindrical or other tube to bo 
ornamented is supported internally by a mandril, and in passing it through the com- 
bined tool or die, the rollers, a a a a, revolve and indent the design cut on their cir- 
cumference into the surface of the plain tube to be ornamented. Fig. 2061 shows the 
stjde of ornament produced by this process : a being produced on a steel mandril as an 
internal support ; in b and c the convexity or relief of the ornamental beads being 
greater, it is produced by substituting for the incompressible steel mandril a filling of 
pitch and resin; the number of rolls may be diminished, or the designs on the 
concave surface of the rollers may be varied according to the style of ornament 
desired. It is unnecessary to state that the rollers are formed of the best steel, and 
are carefully tempered after the die-sinker has cut the design thereon. 

"When the ornamentation desired consists of series of reeds or flutes traversing 
spirally and screw-like, familiarly known as ‘ twisted tube,* and largely used in the 
construction of medieeval and other gas-fittings, &c., the tool represents a flcrew*nut| 
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which is made to revolve hy attachment to a hollow spindle ; the cylindrical tuhc is 
firmly held by the artisan when passing through the tool, and the thread is impressed 
into the tube, or rather is indented in its passage through the tool or die, the tube 
being lubricated with oil or tallow to aid the indentation and prevent the projecting 
thread in the die from cutting or tearing the metal of the t ube subjected to its opera- 
tion. These tools or dies are not made of steel, but of chilled cast iron, their produc- 
tion by the process of casting being more easily effected than by their being cut in 
cast steel ; the friction being reduced to a minimum by the hollow tube yielding 
readily to the pressure of the convex threads of metal in the die: the characters of siicli 
tubes are represented in Jig. 20()2. a and n are the I’esult of once passing the tube 
through the tool; c showing a diamond raised in centre, is produced by first passing 
the tube through a tool with the thread right-handed, and then through a tool in which 
the thread is left-handed, or in the reverse direction or 
inclination to that through which it was previously passed. 

The tubes, Jig. 2053, are formed of three separate tubes 
united together, each component tube being first drawn as ji 
separate tube : a being composed of throe six-fluted tubes, 
prciduced by being drawn through a correspondingly shapc'd 
die; n by ordinary separately drawn plain tubes; and in c 
the three tubes, in addition to the ordinary process of 
drawing, are subjected to the operation of twisting as 
already described in the last paragraph (under the head of 
twisted tubes) ; the three tubes, eventually forming one 
united tube, are then arranged parallel to each other and 
the rope-like appearance of the tube, when finished, is pro- 
duced by uniting them together 1)y twisting, as strands in an 
ordinary rope, each tube being filled with pitch and resin to 
preserve its primitive tnbe-lik(; form, and prevent its col- 
lapsing in the process of uniting the three tubes into the 
rop('-like apjwarancc when finished. 

TJt£ Mamtf acturc of Mandril-drawn Tahcf^j or Tabes j^crfectly cylindrical in their 
internal and external diamtiers. — Tin's variety of tube, is chieliy made in brass or 
copjKir: in the former material principally used in the manufact ure of optical instru- 
ments,, more particularly telescopes, dependent for tlnar perfection in working on 
tubes of the? utmost degree of accuracy and perfectly cylindriciil form, to eiisiiro 
steadiness when in work ; large quantities of mandril-drawm tiil)cs are also used 
for the barrels of garden and other syringes, telescopic hearth -brushes and toasting- 
forks, &c. ; while ordinary soldered jointed bra.^^s tube could not b(5 successfully used, 
or if used, would require an amount of labour to fit it for the purpose, obviously out 
of place with the expeditious modes of working now in existence. The elasticity 
resulting from the process of mandril -drawing, is anotlier advantage in connection 
with this process, arising from the condensfitioii of the particles of the brass of which 
tJjc tube is made, these being forced down or compressed by the action of tlio un- 
yielding steel tool, and the equally unyielding mandril or spit, which internally 
siippoitfl the ordinary brass tube subjected to the process. An ordinary brass tube 
is unequal in thickness internally throughout its entire length; the two edges of the 
strip from which it is made and where it is soldered, are clearly seen ; :ind it is 
evident that anything w'orking piston-like therein, would do so only imperfectly, 'i'lie 
manufacture of light Tirass mandril-dr;nvn tube is practised as folloAvs: A carefully 
selecil;ed and well-forged cylinder (ff steel is turn(;d to a perfect eyliiuh'r ly means of a 
slide rest, and carefully polished ; the Imiss tube made in the way already described, 
is slipped on the mandril : in this position the mandril and sheath of brass is pre- 
sented to the die in the draw'bench, and is draw'n through the tool which forms the 
outside surface of the tube, compressing the metal, reducing the thickness, and com- 
pelling it to embrace the steel mandril or internal support. The result is an elastic 
brass tube, suitable for the purposes already enumerated. The air being (>xpelled 
between the tube and the mandril, considerable dilficnlly arises in releasing the tube 
from the mandril, and this is effected by means of a collet or collar a little larger 
than the steel mandril, but less in aperture than the tube; the collet is placed in 
position of the drawing tool, the reverse end of the mandril lunng operated upon, as 
in drawing the tube, the result is that the tube is withdrawn! from it s internal support, 
and if the mandril has been correctly turned, a perfectly cylindrical tube is t lie result 
of the preceding operations. In fg, 2054 the arrangement of mandril and tube to be 
drawm, and tool, are shown : a a, represents the mandril ; jjb, the bniss to be opcrat(;d 
upon ; c c, section of the tool ; the thickness of line to the left of the tool c c indicates 
that part of the brass which has not been subjected to the operation of the drawing 
tool The release of the drawn tube is shown in fig. 2055 ; the collar or collet c is 
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BubfttI tilted iu the drawbencli for the tool shown in the preceding fig , ; the thick end 
of mandril a, passed through this, is taken bold of by tlio plyers of the drawbeneh ; 
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the end of the metal of the tube presents a resistance, while tlie force of the draw- 
bench drags out or releases the mandril from the drawn tube. Mandril, or drawn 
‘ inside ’ and * out’ tubes, as they are familiarly called by the ‘ users,’ may be made of 
any form or size. When of extra thick metal, very powerful, slowly moving draw- 
benches are required. 

The Maniffacturc of Patent Braas-cased Tuhe^ or iron tube, aised w’ith brass. — This 
variety of tube — largely used in the construction of articles in which the external 
appearance of brass is dosiretl with the strength of iron, as iu balustrades for stairs, 
railings of various kinds, picture-rods, window' and other rods, and bedsteads, chairs, 
and other articles of furniture made in metal of a portable character, and otlierwise — 
was introduced to the brass-foundry trade of Jlirmingham in the year 1803, and is 
stated to have originated in the observation of the difficulty of removing a man- 
dril-drawn brass tube from the steel m.indril on which it was drawn. The inventor. 
Sir Edward Thomason, was largely engaged in the silver and plated w'aro manufac- 
tures ill Birmingham. As a manufacturer of sliding hearth-brushes, toasting-forks, 
and other articles telescopically farmed, ho used largo quantities of mandril-drawn 
tubes, and in the production of such tubes, and the difficulty of getting these off the 
internal support, the manufacture of patent tube originated. Thomason first also 
originated the idea of covering solid iron rods with copper and brass, with tho 
intention of their being used instead of solid copper bolts for ship-building purposes. 
Though unsuccessful as regards the application of iron-cased bolts for the purpose, 
solid iron rods cased witli brass became, and have become, an article of large con- 
sumption in tho form of tho rods which retain the carpetings on stairs. Eventually 
an iron tube took the place of the solid iron rod, and the manufacture of cased tube 
took its place as an article of extensive tlemandfor the purposes already named. The 
maiiufactiiro of patent c4isod brass or iron tube is thus practised: — Sheet iron of good 
quality, if for articles wdiich do not require to be bent in manufacture, as in rods for 
pictures, straight railings, &c. ; but if the tube is to be bent, charcoal-iron is selected.; 
the sheets of iron are cut up with circular cutters, as show’n at fig. 2043 ; and the 
ribbon arising from the cutting or slitting of sheet iron is concaved in its entire 
length by passing it through rolls, as shoivn in fig. 2044. It is drawn into tube at 
tho tlrawbench, in tliis stfito: if the tube is intended for articles which are to remain 
straight, tho iron tube is in a c^dition to allow of its receiving its case of brass ; 
if it is intended that tho tube sHould bo bent, the iron tube is soldered together at 
tho seam, as already described iu the manufacture of soldered brass tube, the bniss 
sheath intended to cover the iron tube or to case it with, is made of such an internal 
diameter as will slide over tho iron tube it is intended to ‘ case ’ or cover, the brass 
case being turned up, made, and soldered, as already described iu the manufacture 
of solder^ brass tube. The brass sheath is then slid over tho iron tube, and in this 
X)ositiou the end of tho two united tubes of iron and brass is passed through the 
tlrawdng tool : the pressure resulting from the action of the drawbeneh causes tho 
external brass sheath or tube to embrace firmly the iron tul^e in its interior, and 
an externally brass and internally iron tube is produced thereby. During the 
many years this branch of tube manufacture has been practised, no change or 
improvement has been made in its manipulation — if we except tliat, within the last 
few years, hoop-iron has been substituted in the manufacture of second-rate cased 
tube, instead of cutting up the bro:id sheet-iron as formerly. 

Taper Tubes of Brass or Iran. — This form of tube, formerly made entirely by hand, 
is now drawn with ease and facility. The old method of production consisted of 
cutting out the metal from tho sheet requisite to produce the desired taper tube. It 
was then malleted into a taper tubular form, and the metal soldered together at the 
junction ; then, after the extra solder was removed, it was hanunered on a taper 
mandril or stiiko, as in use among tinmen. Many ingenious drawing tools were m^e 
for tho purpose of producing taper tubes. These consisted of dies made in sections, or 
various pieces ; they were united in frames, and when used in the drawbeneh the 
parts of the die were operated upon by springs, which permitted of their expansion as 
the taper increased in the tube and mandril intended to be drairo* tools, 
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bowerer, never produced good taper tubes. An after invention consisted in using a 
pair of rolls with diminishing grooves on their diameter or circumference, and 
presenting the taper mandril with its sheatli of metal at its smallest diameter to the 
narrowest part ot the groove; the revolution or partial revolution of the rolls com- 
pressed the metal sheath to the mandril and produc(‘d a taper, but still irregular 
tjiper tube. This method was patented by Henry Osbuiru so far back as the year 
1813. It, however, seems to have been lost sight of, from the limited demand for 
taper tubes at the period, and the same process M’as renved by Church and Harlow in 
1841. Though great numbers of taper tubes so made are still produced, it is obvious 
that, from the very nature of the action of the rolls, the production of taper tubes is 
limited to those of a purely tapering, oxtcrnally smooth cylinder ; and it would be 
impossible to produce either reeded, fluted, or twisted tapering tubes by the rolling 
process. The means, however, by which noaidy every varicity of tapering tubes can 
be produced, was effected in 1850 by John Ward, who in that year suggested, instead 
of an expanding tool made up of a complication of segments of steel, operated upon 
by springs, or that of the rolling process as already descriljod (see 2056), the pro- 
duction of a tool, draw-plate, or die formed in one piece, and of 
block tin cast in a metal mould. Tliis tool, placed in tlic posi- 
tion of a ‘die* in the drawbench, by the expanding yet com- 
pressing property of the metal of which it is made, ibrees the 
metal of the sheath to be converted into a taper tube, and into 
crer}^ groove or reed in the internal mandril or support on 
which the sheath or case to form the taper tube is placed. By the 
same process, .'ilso, tapering tubes with convex or concave twist- 
ings, threads, or reeds on the outer diameter can also bo produced by the application 
of a swive-1 on the drawbench chain, which permits the mandril and its case of metal 
to revolve in its passage through the tool, the tool remaining sbationary. The process 
may be described as follows ; — The die or mould to produce the block-tin tool is formed 
of meUil ; the aperture in its centre is tapering — cylindrical if for a plain round 
taper tube — or if reeded, fluted, or twisted, a metal core with ita requisite reeds, flutes, 
threads, or twists is introduced into the centre of the mould, and the tin poured in : 
the result is a cast, the interior of which is a copy of the mandril, and also of the 
external cont our of the desired tube. J^/^. 2057 shows external appearance of the tool 
when cast, and 2058 its internal configuration, depending on the jdain or orna- 
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mental character of the tube. The sheet brass or iron, being cut to the required 
diminishing breadth, is turned up and soldered .at the joint, alter the removal of the 
wires which held the edges of the partially-formed tube together, and the extra solder, 
the case to form tlic intended taper tube, &c., is ])laced on the mandril. In 2059, 
A A represents the sheath of brass to form the taper tube; n n, the mandril ; the tool 
is then placed in the proper position in the drawbench, the end of the mandril fon*ed 
through it, and taken hold of by the plyers attached to tlio chain ; the tool expands 
and compresses the sheath against the internal mandril, clingijjg, yet expanding 
with the increased diameter of the t<iper of the tube and mandrii it is drawn 
through. The result is a perfectly-formed taper tube, a perfect copy externally of 
the mandril on which the tube is placed. If the mandril is of an ornamental spira’ 
construction, provision is made, as has been alre.ady stilted, to .'idmit of a screw-like 
revolution to indent the metal case into the concavities or threads cut on it externally, 
i.c., the tool representing a stationary nut, and the mandril and its covei’ing a screw 
in motion. 

Finish of Cased and other Brass Tubes. — As regards the mode of finish adopted for 
tubes of which immense quantities are sent out in long lengths, especially of the iron 
eased with brass variety, it has been tlie custom of the trade to finish such by meajis 
of hand-labour only ; the artizan engaged in the process using ‘ flouts,’ or files cut 
in one direction only, for the puipose of the removal of the external skin preparatory 
to polishing. One house only has applied or substituted a machine for the purpose 
of finishing tube. i.c. that of WT. Tonks and 8ons, Binninghani. 'flieir macliiiio 
is self-acting. The tube to be floated is attached to a liorizontal bed ; the floats, 
five in ni^ber, move parallel, and in a longitudinal direction. Each in its operation 
passes a little into the space previously floated ; the tube is turned by tlio machine, 
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and a new surface is exposed to be operated upon. The next operation after * floating* 
is polishing, wliicli is either effected by hand with list passed round the tube, the 
tube being lubricated with rotten-stone and oil, or (in the finish of large-sized 
tubes) an internal buff or hole lined with list or felt, revolves by machinery: 
the tube being passed in, is polished by the revolution of the buff; the final 
polish is given by dry list, with powdered dry rotten-stone. Brass tube when 
lliiishcd by burnishing is floated, then scoured with wet pounded clay crucible; 
then burnished by steel burnishers, gall being applied to hinder their scratching. 
Tlie last method gives the most brilliant style of finish ; by either mode of finish, 
they are protected from oxidation by a lacquer applied with a camol’s-hair brush when 
the tube is heated, which is done either by laying the tube to be lacquered on a hot 
iron plate, or by passing through its interior a jet of steam. On cooling, the protec- 
tion is perfect and the finish completed. 

Solid Jirass Tube, i.e. brass tube drawn without seam, as used for locomotive- and 
marine-boiler purposes, &c. 

In 1780, Matthew Bolton suggested the introduction of tubes into steam-engine 
stationary boilers. Trevithick in 1815, in his experiments on engines for locomotive 
purposes, suggested and applied pipes or tubes, but placed them perpendicularly. 
Gurney, Summers, and Ogle, in their experiments used also tubes ; and George 
Stephenson in his ‘ rocket ’ engine, adopted the almost present arrangement of the 
tubular boiler. By the ordinary, or soldered brass-tube process, the tubes so produced 
not unfrequently leaked at the joint or seam from imperfect running of the solder, 
and the production of a ‘ solid ’ or seamless tube became a desideratum. Iron tubes 
spc^edily become corroded by the surrounding water in the boiler, and the necessity 
for finding a substitute in a tube of a material not liable to oxidise and of sufficient 
strength to resist the exigencies of wear and tear, became a desideratum. Economi- 
cally, also, the brass tube is in the end cheaper, as the old tubes are taken back by the 
manufacturers in exchange for the new at .a trifling advance in order to cover expense 
of re-manufacture. Up to the year 18.‘i8, tubes for locomotive- and marine-engines 
were either formed of welded iron, or of brass tube produced by soldering at the 
joints. In that year, however, Mr. Green of Birmingham conceived and carried 
into practice the production of seamless brass tubes, in a manner akin or similar to 
that already described in the production or manufacture of loatl and block-iron tube ; 
i.c. ho cast tlio brass or copper ‘ billet,’ from which the future tube was to be made 
in moulds, inserted a mandril into the aperture produced by the sand ‘core,’ made 
an alteration in the drawbench, increasing its strength, and operated on its motion 
by reducing the speed, thereby increasing its power, in order to overcome the stubborn 
nature of the brass or copper billet operated upon. By reference to cut of drawbench, 
Jii/. 2025, the largo wheel is not operated upon in the manufacture of solid brass tube, 
by «'i pinion as shown, but by an endless screw which worked into corresponding 
threads on the outer surface of the large wheel, and the die was formed not of one, 
bub four parts, i.c. as four revolving pulleys placed at an angle to each other, forming 
a round hole or die in the centre; the brass billet or copper with its mandril similar 
in Ibrm to that already shown. It was then subjected to the action of the drawbench, 
and gradually reduced by the action of the four-roll tool to the desired external size 
and the strength of metal desired. Ilopeated annealings are required in the process 
of drawing, in order to restore the ductility of the metal of the partially-drawn billet, 
^\■llich is eventually converted into the finished locomotiA'o tube. The mefcil or brass 
of which these tubes are composed is made from the best cc^pper and zinc or spelter, 
as such tubes are replaced every three years ; when worn out they are sold to manu- 
facturers fbr reconversion into similar tubes, or command good prices for raw material, 
to bo used for other purposes in the brass foundry trade. 

Another method or process for the manufacture of solid brass tube is also in use, 
which was introduced in 1852 by G. F. Muntz, junior, and made from the metal 
familiarly known as ‘ Muntz’s’ meUil, which possesses the property of being worked, 
rolled, or manipulated at a low rod heat. (See Muntz Metal and Sheathing.) In 
this, as in Gi’een’s process, the raw material is presented in ‘ billet’ form for manu- 
facture into finished tube. This process may be described as follows : — 

The ‘ billet ’ out of which the future tube is intended to bo made is cast in an iron 
mould with a sand-core : the billet is oval in form, the metal being thickest on the two 
largest surfaces of the oval. The billet being cast, and the sand removed from its 
interior, the interior is coated with a wash of lime-water and salt. This prevents the 
adhesion of the interior surfaces of the metal together in the process of rolling the 
billet to the length of the intended tube. This is effected by means of rolls grooved in 
their circumference. In the ordinary process of rolling metal, it will be observed 
it is simply elongated by the thickness being reduced, but its breadth is not increased ; 
the thickness of the metal of the * billet’ in Sie upper and under side therefore provides 
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for this, and the result of the first rollings is to reduce the metal on the upper cr 
under side to the same thickness as the sides. The oval billet being rolled into a 
flat strip or bar, has then one end opened to the length sufficient to admit of the intro- 
duction of a thick-ended mandril. With this introduced, the opened end of the tube 
is presented to the rolls ; the thick part of the mandril retained in the tube at the point 
of pressure; the tube is drawn on and opened throughout its entire length. The 
position of the tube in the opening-up of the bar is the reverse of the previous operation, 
being presented in its largest diameter to the action of the rolls, or at right angles to 
the preceding operation. The adhering webs or fins consequent on this mode of produc- 
tion being removed, the tube is again passed llirough rolls, to produce it in form per- 
fectly cylindrical, a mandril in the interior assisting the operation. All the operations in 
this variety of solid tube are conducted when the metal is at a low red heat, the metal 
of which these tubes are made, or Muntz’s metal, consisting of copper, with a largo per- 
centage of zinc or spelter, imparting to it the property of being rolled at the temperuturo 
named, much facilitating the rapidity of production. 

It may not be uninteresting to know that nearly all the locomotive-engines in 
use on the railroads of the United Kingdom are fitted up with seamless brass 
tubes. If to these are addt*d the quantity of seamless brass tubes in use in the steaiii- 
lx)ats of the United Kingdam also, the united weights of these tubes gives a total of 
upwards of 20,000 tons of solid or seamless brass tubes in use by the various 
railway companies, steam-boat j^roprietors, &c., of this country. The production of 
solid brass tube in Birmingham, for these purposes alone, amounts to upwards of 
8,000 tons annually. 

A very admirable variety of solid or seamless copper tube is now produced from 
the worn-out copper rollers used by calico-printers for printing cotton fabrics. I’he 
old roller, with the rib which holds the roller on the printing spindle, in the 
operation of printing, taken out forms the billet ; it is reduced in outcir diameter, its 
internal diameter depending on the size of the internal mandril used, tljo 
reduction being effected as in the manufacture of Green's tube by powerful draw- 
benclies. As in Green’s tube, also, repeated annealings are required in the opera- 
tion of reduction or drawing down to the size of tube required. This method 
of producing seamless copper tube from previously waste material wiis intro- 
duced in 1850, by the late Thomas A ttwood : tlio density of the material of which 
the tube is formed, good at first, as being formed of wrought copper, is further 
solidified by the modus operandi in converting the worn-out roller into a tube 
for steam purposes. When subjected to great pressure it is unequalled in service. 

In conclusion, as regards the manufacture of brass and copper tube luit little 
remains to be sUxted. Messrs. Alexander and Henry l^irkes patented the addition of 
phosphorus and manganese to the alloy of brass and zinc, out of which locomotive 
and marine boiler-tubes are made, which they state improves the metal, imparting 
to it superior cohesive properties, and also .solidity. The direction recently given 
for locomotive and marine engine-tubes is towards tubes containing a larger pro- 
portion of (jopper than even in those of ‘Green’s’ mixture. It is sbitod, if the 
percentage of copper is increased, the tubes may be made lighter in muti rial, and 
will be less likely to be openited ujion by the sulphates in the fuel. Finally, if 
cortJiin preliminary details as to the ca.sting of the ‘ billets,’ from whieh the .solid or 
seamless tubes are drawn, or in raising the ‘ billets’ up from thick disks of rolled 
metal, but little remains to be recorded as respects the improved manipulatory opera- 
tions in the manufacture of brass or copper tubes. 

TIJBUXA& 8BZB01I8. In the fourth edition— the last published during the life- 
time of Dr. Ure — there was a long article bearing tlio heading of Faikhahin’s Tunri.Au 
Bridges. This article no longer appears. In the first place, it ought never to have 
found a place in a work which has nothing whatever to do with Engineering Science. 
Such was the introduction to the article as it appeared in the fifth and sixth editions of 
this Dictionary. The article, which was written with great care by the IMitor himself, 
after several interviews with both Mr. Robert Stephenson and Mr. Fairbairn, was 
acknowledged by both these eminent engineers to give the most correct account of the 
merits of each of them, in the construction of those remarkable works. Those who 
may be interested in this question are referred to the last edition of the Dictionary : 
the article having been withdrawn from this edition to make room for matter which 
be longs more especially to Art, Manufactures, or Mines. 

YinBOCBOV, also Jhtiron and Tuam, The old name for the blast-hole, or twyer, 
or tuyfer e of a blast-fornace. 

TUBA. A deposit of calcareous carbonate from springs and streams. Also, a 
v olcanic product . See Mortar, Hydraulic. 

TU UMUTTUV. A wood resembling box, which was imported and used for 
making ladW Cans. It does not appear to be now known in the trade. 
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TUXiA MXTAXi is an alloy of silver; copper, and lead; made at Tula in 
Knssia. 

TUHroSTBir or WOXiF&AM. (Tungstcne, Wolframium^ Oiev.) Symbol 
Ts or W ; at wt. 92. Its name is derived from t he principal mineral from which it is 
obtainable — (Swedish if ‘heavy,’ stvn, ‘stone,’) or Wolfram. This metal 
was discovered by the Brothers Do Luyart, about 1784, shortly after the discovery of 
t unp^stic acid by Scheele, from whom it has been sometimes called Schceliinn. It is never 
loiind in the native state, but is produced by a variety of processes. First, and most 
easily, by mixing the dried and finely- powdered tungstate or bitungstate of soda with 
lincly-divided charcoal, such as lamp-black ; placing the mixture in a crucible lined with 
charconl, covering it with charcoal in powder, and then exposing the whole to a steady 
rcil heat lor two or three hours. On removal of the crucible and cooling it, a porous 
mass is found, from which the soda is removed by solution in water, and the uncon- 
suined carbon is separated by washing it off, the met^il being left as a bright, glistening 
biackish-grey metallic powder. It may also be obtained by treating tungstic acid in a 
similar manner, or by exposing the acid at a bright rod heat, in an iron or glass tube, 
to a current of hydrogen gas. Tungsten is one of the heaviest metals kuown, its 
s))()cific gravity being 17‘22 to 17'6. It requires such a very high temperature for 
fusion tliiit it has never yet been obtained in mass, more commonly as a fine powder, 
but sometimes in small grains. It is not magnetic. It is very hard and brittle. 
Alone it has not been rendered available for any useful purpose, but it has lately been 
employed for the manufacture of corbiin alloj'S. Tungsten is comparatively a rare 
substance, and is remarkable for the very limited extent towhicli in nature it is found 
to have beiiu mineralised by combination with other substances. In none of these 
does it exist as a salifiable base, but as an acid, as in wolfram, 8chcelite, yttrotantalito, 
juid the tungstate of lead. 

The most common ore of this metal is wolfram^ known also to the Cornish minor 
as ‘ cal’ or ‘ callen.’ It is most commonly found associated with tin ores, which contain 
besides the black oxide of tin or cassiterito, the metallic minerals, arsenical iron, 
copper, lead, and zinc sulph’des: but its peculiarly characteristic associate is the 
metal molybdenum, for tlie most part mineralised as a sulphide. This metal is 
remarkable in connection with tungsten as producing isomeric compounds, and as 
having both its cquivaleut and its specific gravity equal to about one-half that of 
tungsten, they being, respectively, as follow: equivalents, W 92, Mo 49; sp. gr. 
W 16-22, Mo 8-610. 

Amongst miners wolfram has the reputation of being an abundant mineral, but 
it is comparatively rare, schorl, specular and other iron ores, and gossan being often 
mistaken for it. From its association with tin ores, it has been until lately the 
source of great loss to the miner, as it was found quite impossible to separate it from 
the ore in consequence of its specific gravity, 7T to 7*4, being so near to that of black 
tin, 6-3 to 7 0. 

Pryce, in his ‘ Mineralogia Cornubiensis, 1778,* says : ‘ After the tin is separated from 
all other impurities by repeated ablutions, there remains a quantity of this mineral 
substance (gal), which being of equal gravity cannot be separated from the tin ore by 
water, therefore it impoverishes the metal and reduces its value down to 8 or 9 parts 
of metal for twenty of mineral, which without its brood, so called, might fetch twelve 
for twenty.’ This description of tin ores containing w'olfram was still applicable until 
ji very recent period, whe a new process was invented by Mr. Kobert Oxland, of 
Plymouth, and by him successfully introduced at the Drake Walls Tin Mine, at Gunnis 
Lake, on the hanks of the Tamar, where it was continued in operation until the mine 
was closed. At this mine, although the tin ore raised was of excellent quality, it was 
left associated with so much wolfram that the ore fetched the lowest price of any 
mine in Cornwall. By Oxlaud’s process, it was brought up to the price of the 
best black tin. The process is now employed at East Huel Hose, near Cam- 
borne. 

At the time of the introduction of the process the greater portion of the ore was 
sold for 42L per ton. The improvement effected by it was so great that the same sort 
of ore fetched the price of the best black tin. 

The process consists in taking tin ores mixed with wolfram, dressed as completely 
as possible by the old process, and having ascertiiinod by analysis the quantity of 
wolfram conttiinod therein, then mixing therewith such a quantity of soda-ash of 
known value as shall afford an equivalent of soda for combination with the tungstic 
acid of the wolfram, which is the tungstate of iron and manganese ; the object of the 
process being by calcination to convert the insoluble tun^tate of iron and manganese 
into the soluble tungstate of soda, leaving the oxides of iron and manganese in a very 
finely-divided state of low specific gravities, so that they can be easily -washed Qfff'wito 
water. 
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The mixture, in charges of five to ten cwts., is roasted in a reverberatory furnace on 
a cast-iron be<l of the construction shown in the annexed engraving. The use of tlie 
cast-iron bed is attended with considerable economy in the consumption of fuel, and it 

is admirably well adapted for 
the calcination of the raw ores, 
for the evolution of the sulphur 
and arsenic contiiinod in them, 
but it is especially necessary, 
instead of fire-brick or tile, to 
avoid the loss which would ac- 
crue from the reaction of the 
soda-ash on the silica of the 
brick, and the formation of soda. 
sili-;jite of tin which would con- 
sequently take place. The mix- 
ture is introduced to tlio hod 
through a hole in the crown of 
the furnace; from a side door 
it is equally distributed over 
the bed, and from time to time 
it is turned over by the furnace- 
man until the whole mass is of 
a dull red heat, emitting a slight 
hissing sound, and in an in- 
cipient pasty condition. In suc- 
cessive quantities the charge is 
then drawn through a hole in 
the bod of the furnace into the 
wrinkle or arch beneath, whence 
it is removed tocist-orns, in which 
it is lixi\dated with water, and 
the tungstate of soda is drawn 
off in solution. The residuary 
mass left in the cisterns, — the 
whole of the soluble matter 
having been washed out, — is re- 
moved to the burning-houso 
floors, and is there dressed over 
again in the usual manner, the 
final product of the operations 
being very nearly pure black 
oxide of tin. The liquid ob- 
tained is either evaporated sufficiently for crystallisation When set aside to cool, or is 
at once dried down to powder. The crystals of tungstate of soda thus obtained are 
colourless, translucent, of a beautiful pearly lustre, having the form of rhombic prisms 
or of four-sided laminae. 

It has been proposed to use this substance as a mordant for dyeing purposes, as a 
source of supply of metallic tungsten for the manufacture of alloys, for the manu- 
facture of the tungstates of lime, baryta, and of lead to be used as pigments ; and 
still more recently it has been found to be preferable to any other substance, for 
rendering fiibrics non-inflammable, so as to prevent the terrible accidents constiintly 
occurring from the burning of ladies’ dresses. Por this purpose a patent was obtained 
by Messrs. Yersmann and Oppenheim. 

For the manufacture of metJillic alloys a patent has been obtained by Mr. Iv. 
Oxland, as a communication from Messrs. Jacob and Koeller. It is prepared by simply 
melting with cast steel, or even with iron only, either metallic tungsten, or preferably, 
what has been termed the ‘ native alloy,’ of tungsten, in the proportion of two to 
five per cent. The steel obtained works exceedingly well under the hammer. 
It is very hard and fine grained, and for tenacity and density is superior to any 
other steel made. The ‘ native alloy,’ is obtained by exposing to strong heat in a 
charcoal-lined crucible a mixture of clean powdered wolfram with fine carbonaceous 
matter. A black sted-grey metallic spongy mass is obtained resembling metallic 
tungsten. 

The tungstate of soda is used in dyeing. Metallic tungsten is also used for the 
m anufac ture of packfong or Britannia metal, by alloying with copper and tin. 

TUMMJLm This is a mere local word used in the want of knowledge of a more 
precise designation. Turba, in Portuguese and Spanish (like Tourbe in French), is 
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Tourhc in French), is a general term signifying any peat-like or earthy deposit farmed 
in swamps and afterwards dried, and is also applied to peat itself. 

TVlUIZlTBa Numberless are the varieties, both of principle and of construction, 
to 1)6 met with in the mechanisms by which motive power may be obtained from falls 
of water. The chief modes of action of the water are, however, reducible to three, as 
follow: — First: The water may act directly, by its weight, on a part of the mecha- 
nism w'hich descends while loaded with water, and ascends while free from load. The 
most prominent example of the application of this mode is afforded by the ordinary 
bucket water-wheel. Second : The water may act by fluid pressure, and drive before 
in some part of the vessel, by which it is confined. This is the mode in which the 
water acts in the water-pressure-engine, analogous to the ordinary high-pressure 
steam-engine. Third : The water, having been brought to its place of action, subject 
to the presstiro due to the height of its fall, may be allowed to issue through small 
orifices’ with a high velocity, its inertia being one of the forces essentially involved in 
the communication of the power to the mechanism. Throughout the general class of 
wheels called Turbines, which is of wide extent, the water acts according to some of 
tile vari.itions of which this third mode is susceptible. The name Turbine is derived 
from the Latin word turbo ^ ‘ a top,’ bectiuse the wheels to which it is applied almost 
all spin round a vertical axis, and so bear some considerable resemblance to the top. 
In our own country, and more especially on the Continent, turbines have attracted 
much attention, and many forms of them have been made known by published de- 
scriptions. 

TurtriiKs for Minivg Pn.rjxts^n .- — Although the horizontal water-wheel has been 
known and employed under various forms from the highest antiquity, and has latterly 
been improved by Fourneyron, Fontaine, Jouviil, and others, so as to rank among the 
most perfect of hydraulic motors, it has only recently been applied to mining uses 
(pumping, loading, &c.), and where so employed its success can scarcely be said 
to be yet decided The failures may be attributed to the following causes : — First: 
The plan of causing the w’ater to flow simultiineously through all the buckets 
necessitates tJio use of wheels of small dimensions, making a very great number of re- 
volutions per minute, and thus requiring a. considerable train of intermediate gear to 
reduce the speed to the working rate. Second : The complex nature of the ring sluices 



employed between the guide curves and the mouths of the buckets, renders them 
uncertain in action, and from their small dimensions liable to be easily choked by any 
VoL. ni. 3 X 
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mechanical impurities in the water ; and lastly, the lubrication of the foot spindle of 
the Tertical wheel, revolving at very groat velocity, is attendod with considerable dif- 
ficulty and inconvenience, especially where the engine-room is at a considerable distanco 
below the surface of the earth, and it is requisite, as in the case of pumping wheels, 
to keep the machinery in action continuously^ for long periods c)f time. The 
form of wheel of which a notice is here appended, was introduced into the Saxon 
mines about the year 1849 by Herr Schwamlcrug, inspector of machinery at the 
Boyal Mines and Smelting Works at Freiberg, and since that time sevoi-al have been 
introduced for jmmping, winding, driving stamp-heads, &c. The example selected for 
illustration was built to take the place of two overshot water-wheels, employed in 
pumping water at the mine ‘ Chuiprinz Friedrich August ’ ; it differs from the usual 
form of turbine in having the wheel placed vert.ically, and in having the water sup- 
plied through a small number of guide-curves m^ar the lowest part. In this latter 
respect it resembles the tangential turbine of General Poncelet, with this difference that 
the water flows from the inner to the outer circumference, instead of the reverse way, as 
is the case in Poncelet’s wheel. The construction of the wheel is as follows : a, jig. 
2062, is the tubular axle of cast iron which carries the seating for the arms, a, which is 
similar Jo that usually used for large water- wheels; to the ends of tlie arms is attacliod 
the wheel which is formed of two brags or shroudings of sheet iron, each 13 inches 
deep, measured radially, and of a total height of 10 feet 2 inches ; those two rings are 
maintained at a distance of 6 inches apart, by means of 44 sheet-iron buckets of the 
form shown in the smaller detailed figure, 2063 ; the driving water is admitted 

through the pressure pipe. in which is placed tlio 
admission tlirottle, /, and turned through a pipe of 
rectangular section (shown in the smaller figure) 
into the sluice box, s, whiiOi contiiins the two guide- 
curves, t’, -i;', which are moveal)le about the centres, 
c, c'. by means of the levers, /, V\ by means of these 
guide-curves wlieii fully opened, . as shown iu the 
figure, the water is admitted into the buckets in two 
parallel streams or jots of iuches in breadth, and 
1 Atlis in. in thickness ; the power is transmitted from 
the axle of the w'heel by a pinion with 28 teetli, 
which draws the large toothed wheel, .r, wliich acts 
on a third shaft carrying the pump-cranks. Tlie 
whi^el is constructed to work under a heiid ol 147 fe(!t, 
and makes about 130 revolutions per minute, uiLli a maximum quantity of 050 cubic 
feet of water, equal to nearly 175 horse-jiower. A series of dymnnomotrical experi- 
ments on a W'hcH'l of similar construction of 7 feet. 9 inches in diameter, with a discharge 
varying from 31) to 134 cubic feet, with a head of 103 feet, gave an available duty of 
from 58 to 70 per cent., the number of revolutions varying from 112 to 148 per niiiiute. 

In conclusion, it may be remarked that the vertical turbine may be employed with 
advantage where the available fall of water is too great to be employed on a siugle 
overshot water-wheel ; and although a less perfect machine than the "water- pressure 
engine, it is of simpler construction, and may be preferred where, from the hardness 
or yielding nature of t he rock, it becomes difficult to construct largo machine-rooms 
or wheel-pits underground. In practice it is found necessary to surround tho wheel 
with a casing of wood, in order to prevent the affluent water from being projected to a 
distance by centrifugal action. 

A fine model of one of these turbines, with two sets of buckets, conslrucled for the 
purpose of winding {Turhinengopel), maybe seen at tho Museum of Praetieal Geology, 
Jermyn Street. 

For further information on tliis subject, we may refer to the Volyiechiischcs Central- 
blatt^ Nos. 8, 9, for 1845, and No. 3 for 1850 ; to the Jahrhuch f'tir dm Berg- und 
Huttenmannt for 1860 and 1853. The subject of turbines is treated in great detail in 
Weisbach’s ‘Mechanics of Machinery and Engineering.’ Kedlenbaeho’s TItcorie und 
Bau der Turbinen und VentUaioren^ Mannheim, 1844, is tlie best and most complete 
work on the subject. Notices of Fourneyron’s, Jouval’s, and Fonta ine’s turbines are to 
be found in Glyn’s ‘ Rudimentary Treatise on Water-Power,’ in Weale’s Series. The 
original notice of Fourneyron’s turbine is published in the Bulletin dc la Societe 
cC Encouragement, for 1834, and several new forms arc noticed in the various volumes 
of Armengaud’s Publication Industrielle, 

The name of Vortex Wheel has been given to a modification of tlie turbine by Mr. 
James Thomson of Belfast. In this machine the moving wheel is placed within a 
chamber of a nearly circular form. The water is injected into the chamber tangen- 
tially at the circumferencOi and thus it receives a rapid motion of rotation. Retaining 
this motion, it passes towards tho centre, where alone it is free to make its exit. The 





TURBINE 


1043 


wheel, which is placed within the chamber, and which almost entirely fills it, is 
divided by thin partitions into a great number of radiating passages. Through these 
passages the wtitcr must flow in its course towanls the centre ; and, in doing so, it 
imparts its own rotatory motion to the wheel. The whirlpool of water, acting within 
the wheel-chamber, being one 
principiil feature of this tur- 
bine, loads to the name 
Vortex, as a snitiible desig- 
nation for the machino as a 
wliole. 

The vortex admits of seve- 
ral modes of construction ; 
but the two principal forms 
are the one adapted for high 
falls, and the one for low 
falls. The former may lie 
called the high-pressure 
vortex, and the latter the 
low-pressure vortex. An ex- 
/implo of each of these two 
kinds is delineated in the 
accompanying figures. 

Figs, 2064 and 206.1 are 
respectively a vertical sec- 
tion and a plan of a vortex constructed for employing a very high fall near Belfast 
to drive a flax-mill.’ a a is the wat.er-w'hocl. It is fixed on the upright shaft b, 
which conveys away the power to the machinery to be driven. The water-wheel 
occupies the central part of the upper division of a strong cast-iron case c c. This 
part of the aise is allied the whecl-chamhcr, d n is the lower division of the case, and 
is called the svpply -chamber. It receives the water directly from the supply pipe, 
of which the lower extremity is shown at b, and delivers it into the outer part of 
the upper division by four large openings f, in the partition between the two divisions. 
This outer part of the upper division is called the guidc-Uade chamber, from its con- 
taining four guide-blade.s, o, which direct the water tangentially into the wheel- 
(jhamber. Immediately after being injoctod int-o the wheel -chamber, the water is 
received by the curved radiating passages of the wheel, which are partly to be seen 
in fig. 2065, at a place where both the cover of the wheel-chamber and the upper plate 
of the wheel arc broken away 
for the purpose of exposing 
the interior to view. Tin* 

Milter on reaching the inner 
ends of these eiirved piissagcs, 

Inmng already done its work, 
is alloM’ed to iinike its exit 
])y tivo largo coritriil orifices, 
shoM'ii distinctly on the figures 
at or adjiiccnt to the letters 
T. 1., the one loading npiviirds 
and the other downwjivds. 

Close joints between the c;ise 
and the whod, to hinder the 
escape of water otherwise 
than through the radiating 
piissages, lire made by means 
of tM'o annular pieces i., l, 
called j (Tint-rings, fitting to 
the ctuitral orifices of the case, and capable of being adjusted, by means of studs 
and nuts, so as to ceme close to the wheel without impeding its motion by friction. 
The four openings h, h, jig. 2065, through which the water flows into the wheel- 
chamber, each situated between the point or edge of one guide-blade and the middle 
of the next, determine, by their width, the quantity of water admitted, and conse- 
quently the power of the wheel. To render this power capable of being varied at 
pleasure, the guide-blades are made moveable round gudgeons or centres near their 
points ; and a spindle x, worked by a handle in any convenient position, is connected 

* In these figiu es, as also in figs. 2066 , 2067 , some nnimportant modifications are made for the pur- 
pose of simplifying the drawings, and rendering Uieni more easily understood than they would 
otherwise be. 

3x2 
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■with the guide-blades by means of links, cranks, &c. (see the figures), in such a way 
that when the handle is moved, the four entrance orifices are all enlarged or contracted 
alike. The gudgeons of the guide-blades, seen in jig. 2064, as small circles near the 
points, are sunk in sockets in the floor and roof of the guide-blade chamber, and so 
they do not in any -way obstruct the flow of the water, m is the pivot-box of the upright 
shaft, and is constnicted with peculiar provisions for oiling the pi vot, which, by roasoii 
of its being under water, does not admit of being oiled by Quinary means. N is a 
hanging bridge which forms the mixture of the pivot. 

This vortex is calculated for 00 horse-power, with a fall varying from 90 to 100 feet. 
On account of the great height of the fall, the machine comes to be of very small 
dimensions ; the diameter of the wafer-wheel itself being only about IT) indies, and 
* he extreme diameter of the case 

3 feet 9 inches. The speed for 
which the w’heel is calculated, in 
accordance with its diameter and 
the velocity of the water enter- 
ing its chamber, is 768 rcTolu- 
tioiis per minute. 

A low-pressure vortex con- 
structed for another mill near 
Belfast, is represented, in vertical 
section and plan, in figs. 2066 
and 2067. This is essentially 
ihe same in principle as the 
vortex already described, but it 
differs in the material of which 
the case is constructed, and in 
tile manner in which the water 
is led to the guide-blade cham- 
ber. In this the case is almost 
entirely composed of wood. Tlio 
water flows with a free upp(*r 
surface w w, into tliis wooden enso, wliich con.sists chief!}’ of tivo tanks a a, and n n, 
one within the other. The water-wheel chamber, and the guide-blade chamber, are 
situated in the open space between the bottom of the outer and that of tlu' inner 
tank, and will bo readily distinguished by reference to the figures. I'lie water of the 
head race having been led all round the outer tank in the space, c c, flows inwards 
over its edge, and passes downwards by the space i) b, between the sides of the two 
tanks. It then passes Ibrougli the guide-blade chamber and the water-wheel, just in 
the same w'ay as was ex})lained in resjject to tin? high-pressure vortex already de- 
scribed ; and in this one likewise it makes its exit by two centriil orifices, the one 
discharging upwards and the other downwards. The part of the water which passes 

downwards flows away at once 
to the b'iil race, and that whieli 
jiasses upwards into the spj-ico v., 
within the innermost tank, finds 
a free escape to the tail race 
through boxes and other channels, 
Y and o, provided for that pur- 
pose. The wheel is completely 
submerged under the surface of 
the 'Whaler in the tail race, wliicdi 
is represented at its ordinary 
level at y y, fig. 2066, although 
in floods it may rise to a much 
greater Jieight. The power of 
the wheel is regulated in a simi- 
lar manner to that already de- 
scribed, in reference to the high- 
pressure vortex. In this case, 
however, as will be seen by the 
figures, the guide-blades are not linked together, but each is provided with a hand- 
wheel H, by which motion is communicated to itself alone. 

The foregoing descriptions are sufficient to explain the principal points in the 
structural arrangements of these water-wheels. 

And now a few words more in respect to their principles may be added. In these 
machines the velocity of the circumference of the wheel is made the same as the 
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velocity of tlie entering water, and thus there is no impact between the water and the 
wheel; but, on the contrary, the water enters the radiating conduits of the wheel gently, 
til at is to say. with scarcely any motion in relation to their mouths. In order to 
attain the equalisation of these velocities, it is necessary tlnit the circumference of the 
wheel should move with the velocity which a heavy body would attain in falling 
through a vertical space equal to half the vertical fall of the water, or, in other 
words, Avith the velocity due to half the fall ; and that the orifices through which the 
water is injected into the wheel-chamber should be conjointly of such an area, that, 
when all the water required is flowing through them, it also may have the velocity due 
to half the fall. 

Thus one half only of the fall is employed in producing velocity in the water ; and, 
therefore, the other h;ilf still remains, acting on tlie Avater Avithin the wheel-chamber 
at the circumference of tin; wheel, in the condition of fluid pressure. Now, Avith the 
velocity already assigned to the wheel, it is found tliat this fluid pressure is exactly 
that wliich is requisite to overcome the centrifugal force of the water in the wheel, 
and to bring the water to a state of rest at its exit, the mechanical work due to both 
hah'es of the fall being transferred t<) the aa'IiccI during the combined action of the 
mf)ving water and the moA'ing wheel. In the foregoing statements, the effects of fluid 
friction, and of some other modifying influences, are, for simplicity, left out of con- 
sideration. 

TVltBZTR'S MZmSKAZi or TITBPltTB MZinSBAZi. Tlie yellow sub- 
sulplitVt.e of mercury, called Queen’s Ydlow. 

TURF {Peat, Scotch ; Tourhe, iT. ; Torf, Ger.) consists of vegetable-matter, 
chiefly of the Moss family, in a stfite of partial decomjiosition by the action of Avator. 
Cut , during summer, into brick-shaped pieces, and dried, it is extensively used as fuel 
liy tbu peasantry in every region whore it abounds. Tlio dense black turf, which 
forms the lower stratum of a peat moss, is mucli contaminated Avnth iron, sulphur, 
sand, &:c., Avhilo the lighter turf of the upper strata, though nearly pure A'ogetalde- 
niatter, is too bulky for traiisportiition, and too porous for factory fuel. These defects 
have been removed, several processes having been patented for converting the 
liglitest aud poorest lieds of peat-moss, or bog, into the four following products : 1. A 
brown combustible solid, denser than oak ; 2. A charcoal, tAvico as compact as that of 
hard Avood ; 3. A factitious coal ; aud 4. A factitious coke ; each of Avhicli possesses 
very A^aluable properties. 

Mr. lV»nst, artificer of fireworks to Vauxhall, proved, by tlie severe test of 
coloured fires, that turf-charcoal is 20 per cent, more combustible than that of oak. 
Mr. Oldham, engineer of the Bank of England, applied it in softening his steel plates 
and dies, Aillli remarkable success. A prospect was thus opened up of turning to 
admirable account the unprofitable bogs of Ireland ; and of producing, from their 
inexhaustible stores, a superior fuel for every purpose of arts and engineering. 

The turf is treated as follows: — Immediately after being dug, it is triturated under 
revohdng edge- wheels, faced Avith iron plates perforated all over their surface, and is 
forced by the pressure through these apertures, till it becomes a species of pap, Avhich 
is freed from the greater part of its moisture by squeezing in a hydraulic press between 
layers of caya-clotli ; then dried, and coked in suitable oA’-ens, (See Charcoal, aud 
Coke.) Mr. 'Williams, by his patent, makes his factitious coal by incorporating with 
pitch or resin, melted in a cauldron, as much of the above charcoal, ground to powder, 
as Avill form a doughy mass, Avdiicli is moulded into bricks in its hot and phistic state. 
It has been found preferable to all other fuel for case-hardening iron, tempering steel, 
forging horse-shoes, and Avelding guii-barrels. Since turf is partially carbonised in its 
iiatiAa; state, Avheii it is condensed by the hydraulic press, and fully charred, it affords 
a charcoal superior in calorific power to the porous substance obtained from wood. 
J^’or recent modes of ut ilising peat, see Beat. 

TVAKSY XtSD is the name gWen to one of the most beautiful and durable of 
known dyes. The ert of dyeing cotton Avith this colour seems to have origin.ated in 
India. In his ‘ PJiiJosophy of Permanent Colours,’ Bancroft has giv^on a detailed 
account of the process as practised in that country ; and this process Avill be found to 
agree in idl essential particulars with that pursued by the Tiirkey-red dyers of 
Europe, except that in India the chaya-root is employed as the dyeing material in the 
place of madder. In the middh; ages tlie art avus practised in various parts of Turkey 
and Greece, especially in the neigliboiirliood of Adrianople, and hence this colour is 
often Adriano j)lc Red. Even as late as the end of last century the manufacture 

of Turkoy-red yarn seems to ha\’e been extensively carried on at Ambelakia and 
other places in the neighbourhood of Larissa. An interesting account of the maniifac- 
lures and trade of this then flourishing district, by Eelix, will bo found in the AnnaleB 
de CJiimie, t. xxi. 1790. About the middle of last century the art of Turkey-red 
dyeing AV’as introduced into France by means of dyers brought over from Greece. The 
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French were also the first to dye pieces with this colour, tlie am having previously 
been applied merely to the dyeing of yarn. The first establislimeuts for dyeing this 
colour in Great Britain were founded and conducted by Frenchmen. At the present 
day Turk.3y-red dyeing is carried on in various parts of Franco and Switzerland, at 
Elberfeld in Germany, in Lancashire, and at Glasgow. 

Turkey-red dyeing is essentially distinguished from other dyeing processes by the 
application previous to dyeing of a peculiar preparation consisting of fatty matter 
combined with other materials. Without the use of oil or some fatty matter it 
would be impossible to produce this colour, of wiiich inde(id it seems to form an essen- 
tial constituent. If the colour of a piece of Turkey-red cloth l>e examined in the 
manner described under Madder, it will be found to consist of red colouring- 
matter and fat-acid, combined with alumina and a little lime. The colouring-matter 
thus obtained is so little contominated with impurities as to appear on evaporating its 
alcoholic solution in yellowish-red crystelline needles. What part the fat-acid plays, 
whether it merely serves to give to the compound of colouring- matter and alumina 
the pow’cr of resisting tlie action of tlitJ powerful .agents used after the operation of 
dyeing, or whether it. also modifies and imparts additional lustre to the colour itself, is 
quite unknown. The formation of this triple compound of colouring-matter, fat-acid, 
and alumina, seems at all eA^ents to be tlio final result which is attained. NeA'erthcless, 
this apparently simple result can oidy be arri\’ed at by means of a long and compli- 
cated process, eacli step of which seems to be essential for its final success. Tlie 
details of the process Aniry considerably both in their nature {iiul number, in different 
countries and different dyeing establishments. They may, however, be described in 
general terms as follow ; — 

The goods, after being pissed through a soap-bath or weak alkaline lye, are oiled. 
For this purpose a mere impregnation Avitli oil AA'ould not be sufficient. The oil must 
be mixed AVith a solution of carbonate of ptdash or soda, to which there is often added 
a quantity of sheep- or cow-dung, the ingredients being well mingled, so as to form a 
milky liquid or emulsion. Olive or Gallipoli oil is the kind generally used, and an 
impure, mucilaginous oil is preferred to one of a finer quality. Drying oils are not 
adapted for the purpose. In this liquid tlie goods are steeped for a short time, so as 
to become thoroughly impregnated Avilh it. lii the case of pieces the liquid is 
generally applied by means of a padding machine. After being taken out of this 
liquid the goods are often left to lie for some days in liea])s, and if t he weather is fine, 
they are then exposed on the grass to the action of the air ; otherAvnse, they must be 
hung up in a hot stove. This process of steeping and exposing to tlie air is repeated 
a number of times, until the fabric is thoroughly impregnated Avith fatty matter. 
During this part of the process then^ can be no donlit that the oil undergoes a 
partial decomposition and oxidation, so as to become capable of uniting, on the one hand, 
W'ith the A’’ogGtiible fibre, and. on the other hand, Avith the colouring-matter, with 
which it is sub.sequcntly brought into conUict. The dung, by inducing a state of fer- 
mentation among t he ingredients proliably promotes the decomposition of the oil into 
fatty acid and glj'Cerine. and tlie alkali sei’ves to convoy the fatty acid into every part 
of the fabric, and to assist in its oxidation on exposure to the air. Tlio process of 
oxidation which takes place is sometimes so actiA'c as to produce spontaneous com- 
bustion of the goods in the sIoat.. It might bo suppose-d that by preAuoiisly saponifying 
the oil, impregnating the goods wdth the soap, and after sufficient exjiosure, decom- 
posing the latter by means of an acid, the same object might bo more easily attained 
than by the long process usually employed. This is, hoAvever, not the ciise, which 
proves that aa’c are still ignorant of the exact chemical nature of the change Avliich 
takes place during the oiling process. The supposition formerly eiiterUiined, that the 
effect of the oiling consisted in a so-called animalisation of the A^egctabie fibre, is quite 
untenable. In some establishments, the goods, after being oiled and sLoved, are passcal 
through a bath of very dilute nitric acid, and then exposed to the air before being oiled 
again, the process being repeated after every oiling. The nitric acid is suj)pus(.;d to 
contribute, to the oxidation of the oil. Several years ago a patent Avas tiikeii out by 
Messrs. Mercer and Greenwood for preparing the oil, previous to its being api)lied to 
the cotton, by treating it with sulphuric acid, and then with chloride of soda, but 
their invention, though apparently of some importance, has not generally been adopted 
by Turkey-red dyers. 

After being oiled, the goods are steeped for some hours in a weak tepid solution of 
carbonate of potosh or soda. This operation, which is called by the Frencli dkjraissagv, 
serves to remove the excess of hitty acid, or that portion Avhich has not U'loroughly 
combined with the vegetable fibre. The liquid thus obtained is carefully preserved 
for the purpose of being mixed with the liquid used for the oiling of fresli goods, the 
quality of which it serves to improve. 

To this operation succeeds that of galling and mordanting. Tlio goods, after 
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being washed, are passed through a warm solution of tannin, prepared by extracting 
galls or sumac with boiling water and straining, after which they are impregnated 
with a solution of alum, to which sometimes a little chalk or carbonate of potash is 
added, or with a solution of acetate of alumina, prepared by double decomposition 
from nlum and acetate of lead. Sometimes the alum is dissolved in the decoction of 
galls, and thus the two operations are combined into one. The goods, after being 
drieil in the stove, passed through hot water containing chalk, and rinsed, are now 
ready to T)e dyed. It has been asserted that the galling is not an essential part of 
the process, that it merely serves to fix the alumina of the mordant, and may be 
dispensed with when acetate of alumina is used instead of alum. It is certainly 
ditficult to conceive how it can permanently affect the appearance of the colour, since 
the tiiuiiin of the galls is uudoubtedly removed from the fibre during the subsequent 
st;igo8 of the process. 

The dyeing is performed in the usual manner. (Sue Maudkr and Calico-Piiint- 
isa.) The materials employed are madder, chalk, .sumac, and blood, in various rela- 
tive proportions. The heat of the dye-bath is gradually raised to the boiling point, 
and the boiling is continued for some time. The part played by the chalk in dyeing 
with madder lias been explained elsewhere. (See Madder.) It was formerly supposed 
that the rod colouring-matter of the blood contributed in producing the desired effect 
in Turkey-red dyeing ; hut to the modern chemi.st this supposition does not appear 
probable. Nevertheless, it is certain that tlie addition of blood is of some benefit, 
though it is uncertain in what the precise effect consists. Glue is occiisionally em- 
ployed in the phice of blood. Sometimes a second mordanting with galls and alum, 
and a second dyeing, is allowed to .succeed the first mordanting and dyeing. 

After being dyed the goods ;ippcar of a dull brownish -red colour, and they must 
therefore be subjected to the brightening process, in order to make them assume the 
Tiright red tint required, b'or this purpose they are first treated with a boiling solu- 
tion of soap and carbonate of potsish or carbonate of soda, and then with a mixture of 
soap and muriate-of-tin crystals. This operation is usually performed in a close vessel 
under pressure. The alkalis remove the brown colouring-matters and the excess of 
lilt-acid contained in the colour, and the tin salt probably acts by extracting a portion 
of the alumina of tlio mordant, and substituting in its place a quantity of oxide of tin, 
which has the effect of giving the colour a more fiery tint. The last finish is given 
to the colour by treatiiig the goods with bran or with chloride of soda. 

The chief objects which the Turkey-red dyer seeks to attain are, 1st, to obtain the 
dcsireil efiect with the least possible expenditure of time and material ; 2nd, to pro- 
tliicc a perfeid; uniformity of tint in the same series of dyeings ; and 3rd, to impart to his 
goods a colour which, though perfectly durable, shall be fixed as much as possible on 
the surface of the fabric. The last point is one of importance in the case of calicoes 
tlyed of this colour, since this kind of goods is much employed for the production of a 
peculiar stylo of prints, in which portions of the colour are discharged, in order either 
to remain white or to bo covered with other colours. (See Calico-Printino.) And 
if the red dye is too firmly fixed, or too deeply seat(;d, it becomes more difficult to 
discharge it. In this respect the art has in Tnodern times attained to such a degree of 
perfection, that the interior of each thread of Turkey-red cotton will be found on 
examination to be perfectly white. This is particularly the case with the Turkey- 
reds from the establishment of Mr. Steiner, Accrington, Lancashire, whose productions 
in this branch of the art of dyeing are also unrivalled for the brilliancy and purity of 
their colour. — L. S. 

TUXbMXS&ZC {Cureuwex^ Terra merita, Soucliet or Serf ran dcs IndeSy Fr. ; Gelh- 
vmrccl^ Ger.) is the rhizome of the Curcuma longa and C, rotunda^ a plant which grows 
in the East Indies, where it is much employed in dyeing yellow, as also as a condiment 
ill curry saucy or powder. The root is knotty, tubercular, oblong, and wrinkled ; 
jiale-yellow without, and brown-yellow within ; of a peculiar smell, a taste bitterish 
and somewhat spicy. It contains a peculiar yellow principle, called Curcumine^ a 
brown colouring-matter, a volatile oil, starch, &c. The yellow tint of turmeric is 
changed to brown-red by alkalis, alLiline earths, subacetate of lead, and several 
metallic oxides ; for wliich reason, paper stained ivith it is employed as a chemical 
test. 

Turmeric is employed by the wool-dyers for compound colours which require an 
admixture of yellow, ns for cheap browns and olives. As a yellow dye it is employed 
only upon silk. It is a very fugitive colour. A yellow-lake may be made by boiling 
turmeric-powder with a solution of alum, and pouring the filtered decoction npon 
pounded chalk. 

TVXlTBirXiXi’B B&US. Ferrieyanide of iron, obtained by precipitating a soln* 
tion of a salt of protoxide of iron witli ferrieyanide of potassium. See Bros Pig- 
ments and Pbossian Blue. 
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TUJWS&'S Taii&OW. An oxychloride of lead. See Patent Yellow. 

U See Archil and Litmus. 

TUaFUnnwa. {Threhenthinc^ Pp. ; Terpentin, Ger.) The term Turpentine 
is applied to a liquid or soft solid product of certiiin coniferous plants, and of the 
Pistachia Terebinthus, 

The following varieties are those which are usually found in the market: — 
American or Wliite Turpentine ; Bordeaux Turpentine; A^enice Turpentine ; Strasburg 
Turpentine; Canadian Turpentine, or Canada Balsam ; Ohio Turpentine; Frankincense. 

In nearly all cases the processes of collecting are similar. A hollow is cut in the 
tree yielding the turpentine, a few inches from the ground, and the bark removed for 
the space of about 18 inches above it. The turpentine runs into this hollow for 
several months, especially during the summer months. In general character theso 
turpentines have much in common ; being oleo-resins, varying slightly in colour, 
co nsisten cy, and smell. They enter into the composition of many varnishes. 

TUapBlTTZirS, OIX or. This is obtained by distilling American turpen- 
tine (which has been molted and strained) with water in an ordinary copper still. 
The distilled product is colourless, limpid, very fluid, and possessed of a peculiar 
smell. Its specific gravity, when pure, is 0*870 ; that of the oil commonly sold in 
London is 0*875. It alwa3’s reddens litmus-paper, from containing a little succinic 
acid. According to Oppermann, the oil which has been repeatedlv rectified over 
chloride of calcium, consi.sts of 84*60 carbon, 11*735 hydrogen, and 3*67 oxygen. 
Eectified oil of turpentine is known as spirits or essence of turpentine. AVhen oil of 
turpentine contains a little alcohol, it burns "with a clear flame ; but otherwise it affords 
a yer}' smoky flame. (See Camphine.) Chlorine inflames this oil ; and hydrochloric 
acid converts it into a crj’sttilHne substance, like camphor. It is employed extcnsivel}* 
in varni shes, paints, &e., as also in medicine. 

TUlbQUOZSB. This gem is a compound of phosphate of alumina, with oxide of 
copper. The Silesian turquoise, according to John, consists of:— alumina, 44*50; 
phosphoric acid, 30*90 ; wat/cr, 19*00 ; oxide of copper, 3*75 ; oxide of iron, 1*80 : while 
the blue Oriental turquoise was found by Ilermann to consist of alumina, 47'45 ; 
phosphoric acid, 27*34 ; W’ater, 18*18 ; oxid'o of copper, 2*02 ; oxide of iron. 1*10; man- 
ganese, 0*50 ; and phosphate of lime, 3*41. 

^ Turquoise occurs in the mountainous ranges of I^-rsia, and when finely coloured it 
IS highly esteemed as a gem. The Shah of Persia is said to reUiin for his own use all 
the more remarkable specimens. It is also found in Thil>et. 

Major Macdonald discovered a newloCfility for tlio turqiunso in Arabia Petnea. Of 
the discovery of these, he gives the following account : — 

In the year 1849, during my travels in Arabia in search of antiquitie.s, I was led 
to examine a verj* lofty range of mountains composed of iron sandstone, many days’ 
journey in the desert, and whilst descending a mouiitain of about 6,000 feet lligli ’by 
a deep and preciiaUto gorge, which in the winter time served to carry off the water, 

I found a bed of gravel, where I perceived a great many small blue objects mixed 
with the other stones ; on collecting them I found they were turquoises of the finest 
colour and quality. On continuing my researche.s through the entire range of moun- 
tair^, I discovered inanj^ valuable diposits of the same stones, some quite pure, like 
pebbles, and others in the matrix. Sometimes they are found in nodules varying in 
size from a pin s head to a hazel-iiut ; and when in this formation they are usually of 
the finest quality and colour. The action of the weather gradually loosens them from 
the rock, and tlmy are rolled into the ravines, and. in the winter season, mixed up by 
the torrents with bods of gravel, where tliey are found. Another formation is, where 
they appear in veins, and sometimes of such a size as to be of immense value. They 
also occur in a soft y^ellow sandstone, enclosed in the centre, and of a sur]iiissing bril- 
liancy of colour. Another very curious formation is where tliey are (rombin(>d witli 
innumerable small coloured quartz crystals, and which has the appearance of a mass 
of sand, small pebbles, and turquoise, all firmly cemented together. 'I’his formation 
is one of the most peculiar in the whole collection.’ 

Mr. Harry Emanuel, speaking of the Persian turquoise, says that, ‘ small (dear 
stones bring from Gc?. to 2Qs. each, whilst fine ring-stonos will realise from 10/. to 
40/.’ ... ‘A perfect stone of the size of a shilling, and of good depth, w*as sold not 
loi^ ago for 400/.’ ‘ A good turquoise, sky blue and oval cut, five lines long and four 

an(i a half lines broad, was sold in France for 241 francs ; and a light blue, greenish 
lustre, and oval cub five and a half lines long and five broad, was sold for 500 francs ; 
whereas an occidental turquoise, four lines long and three and a half broad, brought 
only 121 ivii,Tic&:—Feuchtwanger. 

The ^dental turquoise, frequently called the ‘bone turquoise,’ or Odontolite, is 
•aid to be fos^ bone, ivory, or teeth, coloured with phosphate of iron. 

Tittquowe is imitated by adding to the ammonia sulphate of copper, or oxide of 



TYPE 


1049 


copper dissolved in ammonia, finely-powdored calcined Ivor}’. They are allowed to 
remain together for about a week, at a moderate heat. The coherent mass is dried 
and exposed to a gentle heat. 

TVBSX&AGO. The herb Coltsfoot {TmsUago farfar a). 

TVTXIXrAG or TVTBiriVOinBf sometimes called Chinese silver. It is the 
Tackfong of the East Indies. A white metal of the Chinese, frecjuently stated to bo 
an alloy of copper and zinc. It is, in fact, a compound resembling German silver : 
nickel, in combination with zinc and copper, is found in most specimens 

TUTOmTS. See Explosive Agents. 

TYUKP, in metallurgy^ a rectangular casting of iron, placed upon the tymp-arch at 
the top of the hearth of a blast-furnace. When it has a wrought-iron tube in its 
interior through which cold water circulates, it is then called a ‘ water-tymp.’ 

TTPE. {Caractere. Er. ; Bnickhuckstahe. G-cr.) The first care of the letter- 
cutter is to prepare well-tempered steel punches, upon which he draws or marks the 
exact shape of th*' letter, with pen and ink if it be large, but with a smooth blunted 
point of a needle if it bo small ; and then, with a proper sized and shaped graver ami 
sciilpter, ho digs or scoops out the metal between the strokes upon the face of the 
punch, leaAdng the marks untouclied and prominent. He next works the outside with 
files, till it 1)0 fit for the matrix. Punches are also made by hammering down the 
hf)llows, filing up the edges, and then hardening the soft steel. Before he proceeds 
to sink and justify the matrix, ho provides a mould to justify them by. 

A matrix is a piece of brass or copper, about an inch and a half long, and thick in 
proportion to the size of the letter which it is to contain. In this metal the face 
of the letter intended to be cast is sunk, by striking it with the punch to a deptli 
of about one-eighth of an inch. The mould, ^< 7 . 2068, in which the types are cast, is 
composed of two parts. The outer part is made of wood, 
the inner of steel. At the top it has a hopper-mouth, a, 
into which the fused type-metal is poured. The interior 
cavity is as uniform ns if it had been hollowed out of a 
single piece of steel ; because each half, which forms two 
of the four sides of the h'ttcr, is exactly fitted to the other. 

The matrix is placed at the bottom of the mould, dire(?tly 
under the centre of the orifice, and is held in its position 
by a spring, h. Every letter that is cast can be loosened 
from the matrix only by removing the pressure on the 
spring. 

A good type-foundry is always provided with several 
fiirnjices, ejich surmounted with an iron pot containing the 
melted alloy, of 3 parts of lead and 1 of antimony. Into 
this pot the founder dips the very small iron ladle, to lift 
merely as much metal as w'ill cast a single letter at a time. 

Having poured in the metal with his right hand, and 
returned the ladle to the melting-pot, the founder throws 
up his left hand, which holds the mould, above his head, 
with a sudden jerk, supporting it with his right hand. 

It is this movement which forces the metal into all the interstices of the matrix ; for 
without it, the metal, especially in the smaller moulds, would not be able to expel 
the air and ri'ach the bottom. The pouring in the metal, the throwing up the 
mould, the unclosing it, removing the pressure of the spring, picking out the cast 
letter, closing the mould again, and reapplying the spring to be ready for a new 
operation, are all performed with such astonishing rapidityand precision, that a skilful 
workman will turn out 500 good letters in an hour, being at ihe rate of one every eighth 
part of a minute. A considerable piece of metal remains attached to the end of the 
typo as it quits the mould. There are nicks upon the lower edge of the types, to 
enable the compositor to place them upright without looking at them. 

Erom the tiible of the caster the heap of types turned out of his mould is trans- 
ferred from time to time to another tcible, by a boy, whose business it is to break off 
the superfluous metal, and this he does so rapidly as to clear from 2,000 to 5 000 types 
in an hour ; a very remarkable despatch, since he must seize them by their edges, 
and not by their feeble flat sides. From the hreaking-off boy tlie types are taken to 
the rvhhcr, a man who sits in the centre of the workshop with a grit-stone slab on a 
table before him, and having on the fore and middle finger of his right hand a piece 
of tarred leather, passes each broad side of the type smartly over the stone, turning 
it in the movement, and that so dexterously as to be able to rub 2,000 types in an hour* 

From the rubber the types are conveyed to a boy, who with equal rapidity sets them 
up in lines, in a long shallow frame, with their faces uppermost and nicks outwards. 
This frame containing a full lino is put into the dressefs hands, who polishes them 
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on each side, and turning them with their faces downwards, cuts a groove or channel in 
their bottom, to make tliem stand steadily on end. It is essential that each letter be 
perfectly symmetrical and square ; the least inequality of their length would prevent 
them from making a fair impression ; and were tluTC the least obliquity in their sides, 
it would be quite impossible, when 200,000 single letters are combined, as in one side 
of The Tinves newspaper, that they could hold together as they require to do, when 
wedged up in the chases, as securely as if that side of the type formed a solid plate 
of metal. Each letter is finally tied up in lines of convenient length, the pro- 
portionate numbers of each variety, small letters, points, large capitals, small capitals, 
and figures, being selected, when the fount of type is ready for delivery to the printer. 

The sizes of types cast in this country vary, from tlie smallest, called Diamond, of 
which 205 Hues are contained in a foot length, to those letters employed in placards, 
of which a single letter may be several inches high. The names of the different 
letters and their dimensions, or the number of lines which each occupies in a foot, are 
stated in the following table : — 


Double Pica 
Paragon 
Great Primer 
Englisii 
Pica . 


(14 

71i 


Small Pica 

. Ho 

Minion 

12S 

Long Primer 

. HO 

Nonpareil . 

no 

Bourgeois 

. 102| 

Pearl 

17S 

Brevier 

.112.'. 

" ! 

Diamond 

205 


TYPS MSTAXi. An alloy of o })a7’ls of ](!ad and 1 of antimony. Small ty})e, 
liowever, usually contains tin. in proportions varying from to 20 per cent. 

TYRZAn' PtrSPXiE. A costly dye obtained from a. mollusc, which was employed 
by the Tyrians in dyeing w'ool. See Crookes’s ‘ Handbook of Dyeing.’ 

TY&ZTS. A Norwegian mineral, conttiining eolunibic acid and yttria, discovered 
and analysed by David Porbes. 

TraoXiZPrS. Sec Aniline 

TTROXiXTS. An arsenate- of co]>i>er found in the Tyrol. 

TYKOSZnrZ. See Anii.inl. 


u 


VXiEXZTE. A native borate of lime and soda, known also as Lor<niatroci(h:ile. 
It occurs at Iquique. in I’eru : and in tin; IVovince ol Tarapaca. See HonoN, 

mXMAJnrXTE. An antinionio-sulphide of nickel, occasionally containing 
arsenic. It occurs at Freiisberg, in Nassau. 

TnLTXABCAJtUrE (OiUrmier, 3’r. ; Ultramarin, Ger.), is a beautiful blue pig- 
ment, obtained from the blue mineral calhid by tlie ff)llowing process ; — 

Grind the stone to fragments, rejecting all the coloiirlt!ss 'l)its, calcine at a red heat, 
quench in water, and then grind to an impilpable powder along with w'ater, in a mill, 
or with a porphyry slab and muller. The paste being dried, is to bo rubbed to 
powder, and passed through a silk sieve. 100 parts of it are to be mixed with 40 of 
resin, 20 of white wax, 25 of linseed oil. and 15 of Burgundy pitch, previously 
melted together. This resinous compound is to be poured hot intt) cold water"; 
kneaded well first with two spatulas, then with the hands, and then formed into one 
or more small rolls. Some persons prescribe leaving these pieces in the water during 
fifteen days, and then kneading them in it, whereby they give out the blue pigment, 
apparently because the ultramarine matter adheres less strongly than tJie ganyue, or 
merely siliceous matter of the mineral, to the resinous paste. MM. Clement and 
Desormes, who were the first to divine the true nature of this pigment, thought that the 
soda contained in the lapis-lazuli, uniting with the oil and the resin, forms a species of 
soap, which serves to wasli out the colouring-matter. If it should nut separate 
readily, water heated to about 150" Fahr. should be had recourse to. 'Wheii t he water 
18 sufficiently charged writh blue colour, it is poured off and replaced by fresh w'ater ; 
and the kneading and change of water are repeated till the w hole of the eoloui* is 
extracted. Others knead the mixed resinous mass under a slender stream of w ater, 
which runs off with the colour into a large earthen pan. The first w aters afford, by 
rest, a deposit of the finest ultramarine; the second a somewliat inferior article, and 
so on. Each must be washed afterwards with several more waters before they ac- 
quire the highest quality of tone ; then dried separately, and freed from any adhering 
particles of the pitchy compound by digestion in alcohol. The remainder of the mass 
hAiTiDr meltAd with ni] and knemled in water coutttiiiiuff a little soda or Tjotash, yields 
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an inferior pigment, called ultramarine aslics. The best ultramarine is a splendid blue 
pigment, which works well with oil, and is not liable to change by time. 

Analyses of lapis-lazuli ultramarine will be found in the following article. 

nXiTRAmARXirgf AATZVlCZAXia For many years every attempt failed 
to make ultramarine artificially. At length, in 1828, M. Guimet resolved the pro- 
blem, guided by the analysis of MM. Clement and Desormes, and by an observation 
of M. Tassaert, that a blue substance, like ultramarine was occasionally produced on 
the sandstone hearths of his reverberatory soda-furnaces. M. Gmelin, of Tubingen, 
published a prescription for making it; which consisted in enclosing carefully in a 
Hessian crucible a mixture of 2 parts of sulphur and 1 of dry carbonate of soda, 
heating them gradually to redness until the mass fuses, and then sprinkling into it by 
degrees another mixture, of silicate of soda and aluminate of soda ; the first con- 
taining 72 parts of silica, and the second 70 parts of alumina. The crucible must be 
exposed after this for an hour to the fire. The ultramarine will be formed by this 
time ; only it contains a little sulphur, which can be separated by means of water 
M. Persoz likewise succeeded in making an ultramarine, of perhaps still better quality 
than that of M. Guimet. Lastly, M. Robiquet has announced, that it is easy to form 
ultramarine by heating to redness a proper mixture of kaolin (China clay), sulphur, 
and carbonate of soda. It would therefore appear, from the preceding details, that 
ultramarine may be regarded as a compound of silicate of alumina, and silicate of soda, 
with sulphide of sodium, Jind that to the reaction of the last constituent upon the 
former its colour is due. 

The constituents used in the different methods of making ultramarine vary in 
character and in quantity. It is said that a good mixture may consist of : — dried 
kaolin, 100 ; calcined Glauber salt, or sulphate of soda, 41 ; calcined soda, 41 ; pul- 
verised charcoal or coal, 17; and sulphur, 18. When such a mixture is heated 
without access of air it yields a product from which a white substance may be obtained, 
known as white tiUramarinc. Calcined in crucibles at a high temperature, with a very 
limited supply of air, the mixture affords a semi -fused greenish mass termed green 
ultramaHne* Ey carefully roasting this with sulphur at a low temperaturo, with free 
access of air, the ordinary hluc vXtrarmrine is obUiined ; and this when powdered, 
lixiviated, and dried, is ready for the market. 

It appears that potash-salts ciinnot be substituted for soda-salts in the manufacture 
of ultramarine, but it is said that those of baryta may be so employed. In some 
cases, silica is added to the ultramarine mixture in the proportion of from 5 to 10 per 
cent. 

Both native ;ith1 artificial ultramarine have been examined very carefully by several 
eminent chemists. The following are a few specimens of these analyses : — 

Analysis of Uliramannc, by Warrentra]). 


Potash 

Lapis-lusuli. 

Artificial from 
Meissen. 

. 1-75 


BltiC. 

Green. 

Soda . 

0-09 

21-47 . 


. 400 

25*5 

Alumina 

. 81-07 

28-30 . 


. 29-5 

80-0 

Silica . 

4 2 -do 

45-00 . 


. 400 

89-9 

Snlphur 

Lime - 

o-9r> 

8-52 

1-68 . 
0-02 

• 

. 4-0 

4-G 

Iron 

(Jhlorino 

0-8G 

0-42 

1-06 . 

• 

. 1-0 

0-9 

Sulphuric acid 
Water . 

5-89 

0T2 

3*88 . 

• 

. 3-4 

0-4 


rarislau artificial ultrumariuo, 
by C. (r. Gmelin. 


Soda and potash .... 12’863 

Lime 1*.546 

Alumina 22-000 

Silica 47*306 

Sulphuric acid 4'679 

Resin, sulphur, and loss . . . 12*218 


Notwithstanding the many investigations which have been made of ultramarine, its 
cliemical composition is by no means thoroughly understood ; and the German Asso- 
ciation of Ultramarine Makers have recently (1874) offered a prize for the best essay 
on this subject, from which, it may be hoped, more light will be thrown upon the 
constitution of this compound. 

inbVA. A seaweed used in the preparation of Green Laver. See Aloje. 

UMBMMm A mechanical mixture of limonite (brown haematite) and hydrated oxide 
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of manganese and clay. It occurs in beds with brown jasper in the island of Cyprus, 
It is used by painters as a brown colour, raw or burnt. 

irsrClimTB* The name given by engineers to the grensc^s applied to tlio bearing 
parts of machinery. Unguents should bo thick for heavy pressures, that tliey nuiy 
resist being forced out; and thin for light pressures, that their viscidity may not add 
to the resistance to motion. — Rankinc. 

nrZOV OOOnS. cloths of a mixed cliuracter, as of flax and jute, or cotton and 
jute. 

ITPAS TSBBSa The Aniiarw ioxicaria^ one of the order to which tho bread-fruit 
tree belongs. Fabulous tales have been told of its poisonous nature ; if wounded, 
a juice exudes which, when introduced into the human system, produces vomiting, 
purging, and finally death. 

UlUkirZTB* Two varieties of this mineral are known : the one is Coffcr-uranitr, 
or Torho'nitc, a phosphate of uranium and copper; and the oXhkiY, Limc-Kraniic, or 
Autuniic^ a phosphate of uranium and lime. 

mtAarZimC is one of the rare metals, and w'as first discovered by Klaproth in 
1 78G in the mineral called pcchhlciid^.^ which was, previously to this, mistaken for an ore 
of zinc. He called it Uranium after the planet discovered byHersclicl about the same 
time. Tho ores of uranium are few; the principal being, Pcckblmdc (piichblcndr), a 
brownish or velvet-black mineral, which is essentially a. proto-peroxide of uranium. 
It occur.'< in veins with ores of lead and silver in Saxony, and with tin in Cornwall. 
Vraiiitc, a phosphate of copper and uranium, occurs in Franco; and is found of groat 
beauty lu'ar Callington and near Redruth in Cornwall. Samarskife and urano- 
taniaUfe contain oxide of uranium with yttria and niobic acid. Johannitc, uran-vitriol, 
or sulphate of uranium. Zippclf'. sulphate of se.squioxldc of uranium. UranochrCy 
an earth}’ yellow impure oxide of uranium. 

The metal itself can only be obtained by the intervention of potassium or sodium, 
in the same manner as magnesium. It is a black coherent powder, or a white mal- 
leable metal, according to the state of aggregation. It is not oxidised by air or water, 
but very combustible when exposed to heat. It unites also witli grt;at violence with 
chlorine and with sulphur. M. Peligot admits three distinct oxides of uranium, and 
two other compounds of the metjil and ox)^gen. which he designates as suboxides. 

Protoxide^ UO. — This is a brown powder, sometimes highly cryst’illine. 

Proto-seaquioxide ; black oxide: U^O'\ or 2U0+U'“0^ — This oxide was formerly 
considered as the protoxide, and is produced whenever either of the other oxides are 
strongly heated in tho air. 

Sesquioxidc^ U-0“. — This is the l)est known and most important of tho oxides. It. 
forms a number of beautiful yellow salts; its colour, when prepared b^dicating the nitrate 
to 480*^ in an oil-bath till no more nitrous fumes an^ disengaged, is a chamois yellow. 
It may be obtaiiied from pitcJihlcndc. 

I’he only application of uranium is to enamel-painting and ghl^s-staining ; the prot- 
oxide giving a fine black colour, probably by absorbing oxygen and becoming black 
oxide, and the sesquioxide a delicate yellow. * 

Uranium has been found in a Uerman blue pigment used by jiajter-hanging manu- 
facturers : it contained both copper and uranium. 

XllBAJflUM TIBZiXfOW* Urauate of soda, used as a yellow colour for porcelain 
painting. 

UBAO. See Natron. 

i n i BA . This is oiurof tlfe j)rincipal constituents of urine, being always present 
in it, but in variable quantities ; the average quantity in healthy urine is about 14 or 
15 parts in 1,000 of urine, but of course this varies from several circunisUinees, as 
in disease, drinking a large quantity of liquid. &c. The urine passed the first in the 
morning gives a fair estimate of the quantity of urea yielded by the urine of an 
individual. It seems to bq the principal form in which the waste nitrogenous com- 
prjunds of the body are eliminated from tliq system. As this animal product has no 
direct use in the arts, the reader l»e referred to Watts's ‘ Dictiorniry of Chemistry,’ 
or to any modern treatise on Animal Chemistry. 

VBQinBBAirCHl 4 name given to whisky occasionally, Init usually 

applied to a liqueur prepared from whisky, or some other ardent corn-spirit. Tho 
following liqueurs, as being of a similar character, are named here. Kirachwasser is 
obtained in Switzerland and in some parts of Francor fcom bruised black cherries 
fermented and distilled. Maraschino is a similar liquenr, prepared also from a 
peculiar kind of cherry growing in Dalmatia. Noyau and several analogous liqueurs 
are flavoured with an essential oil, containing more or Jess hydi*ocyanic acid and 
often with that derived from bitter almonds, the kernels of peaches, apricots, &c., 
or from the leaves of laurels. Some of these compounds come under the denomina- 
tion of tinctures; such, for instance, as Curacoa, which is prepared by digesting 
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orange-berries (the immature fruit) and bitter orange-peal, with cloves and cinnamon, 
in brandy. When this tincture is distilled and afterwards sweetened, it constitutoe 
White Curagoa. The compounds are frequently called Batafias : a term derived, like 
the word ‘ ratify,’ from ratum and^o, ‘ to make firm,’ ‘ or confirm.’ By Eatafia, there- 
fore, was originally meant a liquid drank at the raiification of an Agreement. 


V 


VAikXiZTB. A name recently given by Prof. Maskelyne to a variety of 
vermiculite, occtirring in the diamond-bearing rocks of South .iifrica. It takes its 
iiaTiKi from the Vaal Ili vcr. 

VACVUIIS PAir. For a description of it, see Suoar. 

VAXiOVZA is a kind of acorn, imported from the Levant and the Morea, for the 
use of tanners, as th(i husk or cup contiiins abundance of binnin. See Leather. 


A’alonia Imported in 1873 ; — 



Tons 

Valno 

From Austrian Territories 

1,141 

£20.793 

„ Greece 

. .‘>,09(8 

08,699 

„ Turkey . 

. 24.233 

443,899 

,, Other countries 

. r> 

99 

Total . 

. 28.977 

024.490 

'xiiortcd ill 1873 : — 




Ton-^ 

Value 

To Germany . . . . 

. 196 

£3.8 1 8 

,, Belgium . . . . 

. 202 

3.927 

„ Other countries 

. 208 

4.034 

Total 

. 006 

1 1 ,809 


VA&XTB. Two methods havo been adopted for ascertaining the value of oui 
exports ; one by means of the official value, the other according to the declared value. 
In Lowe’s ‘ Present Stat(5 of I^ngland ’ (1822), there is a very succinct and clear account 
of these methods, which is here extracted : — 

‘ The official value of goods means a computation of value formed with reference, 
not to the prices of tho current year, but to a standard, fixed so long ago as 1696, the 
time when tho office of Inspector-General of the Imports and Exports was established, 
and a Custom-lioiiso lodger opened to record the weight, dimensions, and value of the 
merchandise that passed through the hands of the officers. One uniform rule is 
folloived, year liy year, in the valuation, some goods being estimated by weight, others 
by the dimensions, tlio wliole without reference to the market price. This course has 
the advantage of exhibiting, with strict accuracy, every increase or decrease in the 
quantity of our exports. 

Next as to the value of these exports in the market : — In 1798 there was imposed 
a duty of 2 per cent, ou our exports, the value of which was taken, not by the official 
standard, but by the declaration of the exporting merchants. Such a declaration may 
be assumed as a representation of, or at least an approximation to, tho market price 
r)f merchandise, tliere being on the one hand no reason to apprehend that merchants 
Avould pay a percentage ou an amount beyond the market value, while on the other 
the liability to seizure afiTorded a security against under valuation.’ See Imports and 
Exports. 

VAXrABmrs. A vanadate of lead, with chloride of lead, occurring at Wan- 
lock Head, in Lumfriesshiro, and in Siberia .and Mexico. 

VAlTABZiniK is a metal discovered by Sefstrdm, in 1830, in a Swedish iron 
extracted from the iron ores of Taberg, not far from Jdnkdping. Its name is derived 
from Vanadis, a Scandinavian idol. This metal has been found as vanadate of lead, 
in the mineral VanadinitCy and it has been detected in the copper-bearing sandstone 
of Alderley Edge, in Cheshire. Vanadium is white, and when its surface is polished 
it resembles silver or molybdenum more than any other metal. It combines with 
oxygen to form four oxides. The compounds of vanadium have recently been studied 
by Prof. Eoscoe. 

The vanadate of ammonia, mixed with infusion of nutgalls, forms a black liquid, 
which js a very excellent writing-ink, 

VAXrABZVHC BROHXB. See BfiONZE PoWDEiis. 
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VAJfXXiXJLt or VAmUcXA* is the oblonp; narro'vr pod of various species of 
Vanilla (as V. aromatica and V. planifolia), of the natural family Orchideoe^ which 
grows in Mexico, Columbia, Peru, and on the banks of tlio Cronoco. 

The best comes from the forests round the A’illage of Zeiitila, in the Intendancy of 
Oaxaca. The vanilla plant is cultivated in Brazil, in the West Indies, and some other 
tropical countries, but does not produce fruit of such a delicious aroma as in Mexico. 
It clings like a parasite to the trunks of old trees, and sucks tlie moisture which their 
bark derives from the lichens, and other cryptogams, but without drawing the nourish- 
ment from the tree itself. The fruit is subcylindric, about 8 inches long, one-celled, 
siliquoso, and pulpy witliin. It should bo gathered before, it is fully ripe. 

When about 12,000 of these pods arc cmlectod, they are strung lik(‘ a. garland by 
their lower end, as near as possible to the foot-stalk ; the whole ar(^ plunged for an 
instant in boiling water to Idancli them ; tliej' are then hung up in the epou air, and 
exposed to the sun for a. few hours. Next day they an? lightly smeared with oil, ])y 
means of a feather, or the fingers; and are surrounded with oiled cotton, to prcA’ont 
the valves from o])ening. As they become dry. on inverting their upper end they 
discharge a viscid liquid from it, and they are ])ressed at several times with oiled 
fingers, to promote its flow. The dried pods lose their appearance, grow ItroAvn, 
WTinkled, soft, and shrink into one-fonrt.h of their original size. In this state they 
are touched a second time with oil, but very sparingly ; because, with too much oil, 
they w'ould lose much of their delicious perfume. They are tlien ]m(;ked for the 
market, in small bundles of 60 to 100 in each, enclosed in lead-foil, or tiglit metallic 
cases. As it comes to us, vanilla is a capsular fruit, of the thickness of a swan's 
quill, strait, cylindrical, but somewhat flattened, truncated at the top, thinned off at 
the ends, glistening, wrinkled, furrowed lengthwise, flexible, from 6 to 10 inches long, 
and of a reddish-brown colour. It contains a pulpy parenchyma, soft, nnctiious, very 
brown, in which are embedded black, brilliant, very small seeds. Its smells am- 
brosial and aromatic ; it.< taste is hot, ami rather SAveetisli, Tliose properties seem lo 
tlopend upon an essential oil. juid also upon benzoic acid, w'liich forms elllorescenees 
upon the surface of the fruit. The pulx\v part poi^st'sses alone the aromatic quality. 

The kind most esteemed in France is called Uq vanilla : it is about six inches long, 
from ^ to of an inch broad, narrowed at the two ends, and curved at the base, 
somewh.at soft and viscid, of a dark-reddish colour, and of a most delicious flavour, 
like that of balsam of I’eru, It is called vanilla wlien it is covered with 

efflorescences of benzoic acid, after having been kept in a dr}’ place, and in vessels not 
hermetically closed. 

The second sort, called vanilla simarona, or bastard, is a little smaller than the 
preceding, of a less do(5p brown hue, drier, less aromatic, d(?sl.itute of efflorescence. It 
is said to be the produce of the wild plant, and is brought from St. Bomingo. 

A third sort, which comes from Briizil, is the vanillin, or large vanilla of the 
French market ; the vanilla panrjjrojw or hova of the S])aniar(ls. length is from 6 
to flinches; its breadth from ^ to -J of an inch. Jt is brown, soft, viscid, almost 
always open, <»f a strong smell, but less agreeable than the Icq. It is sometime.B a 
little spoiled by an incipient fermentation. It is curetl with sugar, and enclosed in 
tin-plate boxes, which contain from 20 to 60 pods. 

Vanilla, as an aromatic, is much sought after by mak(Ts of chocolate, ices, and 
creams; by confectioners, perfumers, and liquorists, or distillers. It is difficultly 
reduced to fine particles ; but it may l>o sufficiently attenualed by cutting it into small 
bits, and grinding these along tvitli sugar. The odorous principle can, for some pur- 
poses, bo extracted by alcohol. 

Some researches recently condueted in ].>r. Hofmann’s lahoratorv at Berlin, by MM. 
Tiemann and Haarmann, have led to the successful preparation of a substance wdiich 
appears to be identical in chemical and physical properties witli vainllm oi* the aromatic 
principle of vanilla. The cambium of coniferous trciis contains a cry stalli sable 
glucoside called couiferin ; submitted to the action of ferments, coniferin is resolved 
into glucose and a crysbilline product, which, under the influence of oxidising agents, 
such as a mixture of bichromate of potash and sulphuric acid, gives rise to the forma- 
tion of vanillin, or the aromatic principle of vanilla. The manufacture of artificial 
vanillin on a commercial scale is about to be commenced (1874). 

VAVOint {Vapeur, Fr. ; Dumpf^ Ger.) is the state of elastic or aeriform fluidity 
into which any substance, naturally solid or liquid at ordinary temperatures, may he 
converted by the agency of heat. A visible fluid floating in the atmosphere, as distin- 
guished from a gas which is ordinarily, unless it be coloured as chlorine gas, invisible. 
The vapour of w’ater is Steam. 

VAXBC. The name of kelp made on the coast of Normandy. See Kelp ;ind Vuiac. 
VAUnUKK (Femw, Fr. ; Firniss, Got.) is a solution of resinous matter, which 
ia spread over the surfiico of any body, in order to give it a shining, transparent, and 
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hard coat, capable of rosistiog, in ii greater or less degree, the influences of air and 
moisture. 8uch a coat consists of the resinous parts of the solution, which remain in 
a, thin layer upon the surface after the liquid solvent has either evaporated away, or 
has dried up. When large quantities of spirit-varnish are to be made, a common 
still, mounted with its capital and worm, is the vessel employed for contjiining the 
materials, and it is placed in a steam- or water-hath. The capital should be provided 
with a stuffing-box, through which a stirring-rod may pass down to the bottom of 
the still, with a cross-piece to its lower end, and a handle or winch at its top. After 
heating the bath till the alcohol boils and begins to distil, the heat ought to bo lowered, 
that the solution may continue to proceed in an equable manner, with as little eva- 
poration of spirit as possible. The operation may bo supposed to bo complete when 
the rod can be easily turned round. The varnish must bo passed througli a silk sieve 
of proper fineness ; then filtered through porous paper, or allowed to clear leisurely 
in stone jars. The alcohol which has come over should be added to the varnish, if 
the just proportions of the rosins have boon introduced at first. 

The building or shed wh(?rein varnish is made, ought to be quite detached from any 
buildings whatever, to avoid accidents by fire. For general purposes, a building about 
18 feet by 16 is sufficiently large for manufacturing 4,000 gallons and upwards annually, 
provided there are other convenient buildings for the purpose of holding the utensils, 
and warehousing the necessary stock. 

Procure a copper pan made like a common washing-coppor, which will contfiin from 
oO to 80 gallons, as occasion may require ; when wanted, set it upon the boiling furnace, 
and fill it up witli linseed oil within o inches of the brim. Kindle a fire in the 
furnace underneath, and manage the fire so that the oil shall gradually, but slowly, 
increase in heat for the first two hours; thou increase the heat to a gentle simmer; 
and if there is any scum on the surface, skim it off with a coppor ladle, and put the 
skimming away. Lot the oil boil gently for three hours longer ; then introduce, by 
a little at a. time, one quarter of an ounce of the b(;st calcined magnesia for every 
gallon of oil, occasionally stirring the oil from the bottom. When the magnesia is all 
in, let the oil boil rather smartly for one hour ; it will then be sufficient. Lay a cover 
over the oil, to keep out the dust while the fire is withdrawal and extinguished by 
w'ater ; next uncover the oil, and leave it till next morning ; and then while it is 
liot, ladle it into the carry iiig-jack, or let it out through the pipe and cock ; carry it 
aw'ay, and deposit it in either a tin or leaden cistern, for wooden vessels will not hold 
it; let it remain to settle for at least three months. The magnesia will absorb all the 
acid and mucilage from the oil, and fall to the bottom of the cistern, leaving the oil 
clear and transparent, /iiid fit for use. Jiecollect wlien the oil is taken out not to 
disturl) the bottoms, w'hich are only fit for black paint. 

General Ohservations and Precattfio7is 1o he ob.servcd in making Varnishes . — Set 
on the boiling-pot with 8 gallons of oil ; kindle the fire ; then lay the fire in the 
gum-furnace , have as many 81b. -bags of gum copal all ready weighed up as will bo 
wanted ; put one 8lb. into the pot, put fire to the furuiico. set on the gum-pot : in three 
minutes (if the fire is brisk) the gum will begin to fuse a nd give out its gas, stefim, 
and acid ; stir and divide the gum, ^ind attend to the rising of it, as before directed. 
8 lbs. of copal take in general from sixteen to twenty minutes in fusing, from the 
beginning till it gels clear like oil, but the time depends very much on the Iieat of the 
fire and the attention of the operator. Luring the first twelve minutes while the gum 
is fusing, the assistant must look to the oil, and bring it to a smart simmer; for it 
ought to b(3 neither too hot nor too cold, but in appearance beginning to boil, which he 
is strictly to observe, and when ready to call out, " Lear a hand!’ Then immediately 
both lay hold t)f a handle of the boiling-pot, lift it right up so as to clear the plate, 
carry it out and place it on the ash-bed, the maker instiintly returning to the gum-pot, 
W'hiie the assistant puts three copper ladlefuls of oil into the copper pouring-jack, 
bringing ii in, and placing it on the iron plate at the back of the gum-pot to keep hot 
until wanted. When the maker finds the gum is nearly all completely fused, and that 
it will in a few minutes be ready for the oil, let him call out, ‘ Ready oil I ’ The assis- 
tant is then to lift up the oil-jack with both hands, one under the bottom and the olher 
on the handle, laying the spout over the edge of the pot, and wait until the maker 
calls out ‘ Oil ! ’ The assistant is tlien to pour in the oil as before directed, and the 
boiling to bo continued until the oil and gum become concentrated, and the mixture 
lof)ks clear on the glass ; the gum-pot is now to be set upon the brick-stand until the 
assistant puts three more ladlcfiils of hot oil into the pouring-jack, and three more 
into a spare tin for the third run of gum. There will remain in the boiling-pot still 
3.i gallons of oil. Let the maker put his right hand down the handle of the gum-pot 
near to the side, with his left hand near the end of the liandle, and with a grip 
lift the gum-pot, and deliberately lay the edge of the gum-pot over the edge of the 
boiling-pot, until all its contents run into the boiling-pot. Let the gum-pot be hel^ 
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with its bottom turned upwards for a minute, right over the boiling-pot. Observe, 
that whenever the maker is beginning to pour, the assistant stands ready with a thick 
pi^e of old carpet without holes, and sufficiently large to cover the mouth of the 
boiling-pot should it catch fire during the pouring, which will sometimes happen if the 
gum-pot is very hot ; sliould the gum-pot tire, it has only to bo kept bottom upwards, 
and it will go out of itself ; but if the boiling-pot should catch fire during the pouring, 
let the assistant throw the piece of carpet quickly over the blazing pot, holding it 
down all round the edges ; in a few minul.os it will bo smothered. The moment the 
m^er has emptied the gum-pot, he throws into it half-a-gallon of turpentine, and 
with the swish immediately washes it from top to bottom, and instantly empties it into 
the flat tin jack ; he wipes the pot dry, and puts in 8 lbs. more gum, and sets it upon 
the turnace ; proceeding with this run exactly as with the last, and afterwards with 
the third run. There will then bo 8 gallons of oil, and 24 lbs. of gum in the boiling- 
pot, under which keep up a brisk strong fire until a scum or froth rises aud covers 
all the surface of the contents, when it will begin to rise rapidly. Observe, when it 
rises near the rivets of the handles, carry it from the fire and set it on the ash-bed, 
stir it down again, and scatter in the driers by a little at a time ; keep stirring, and if 
the frothy head goes down put it upon the furnace, and introduce gradually the 
remainder of the driers, always carr^dng out the pot w'hen the froth rises near the 
rivets. In general, if the fire bo good, all the time a pot requires to boil from the 
time of the last gum being poured in, is about three and a half or four hours : but 
time is no criterion for a beginner to judge by, as it may vary according to the 
weather, the quality of the oil. the quality of the gum, the driers, or the heat of the 
fire, &c. ; therefore, about the third hour of boiling, try it on a bit of glass, and keep 
it boiling, until it feels strong and .stringj’^ between the fingers ; it is then boiled 
sufficiently to carry it on the ash-bed, and to be stirred down until it is cold enough 
to mix, which will depend much on the weather, varying from half fin hour in dry 
frosty weather to one hour in w'arm summer we/ither. Previous to beginning to mix, 
have a sufficient quantity of tiirpontiiio ready, fill the pot, and pour in, stirring 
all the time fit the top or surface, as before directed, until there are lo gallons, or five 
tins of oil of turpentine introduced, whicli will leave it quite thick enough if the gum 
is good, and has been well run ; hut if the gum was of a weak qii.'ility, and luis not 
been well fused, there ought to be no more than 12 gallons of turpentine mixed, find 
even that may bo too much. Therefore, when 12 gallons of turpentine lisivo been 
introduced, have fi flat saucer at hand, and pour into it n portion of tht.‘ Yfirnish, and 
in two or three minutes it will show' whether it is t(X) thick; if not sufficiently thin, 
add a little more turpentine, and strfiin it off quickly. As soon fis the W'holo is stored 
away, pour in the turjientine washings with w’liich the giini-}>ots have l>ocn w'aslied. 
into the boiling-pot, and with the sw'ish quickly w'ash dow'ii all the varnish from the pot 
sides; afterwards, wdth a large, jiiece of woollen rag dipped in piimicii-powder, w’ash 
and polish every part of the inside of the boiling-pot, performing the sfime opcr.'ition 
on the ladle and stirrers; rinse them with the turpentiru? w’ashings, and at hist rinse 
them altogether in clean turpentine, wdiich also put to the w'.ashings ; wdpe dry witli fi 
clean soft rag the pot, ladle, stirrer, find funnels, and lay tJio sieve so as to be com- 
pletely covered with turpentine, wliieh W'ill always keep it from gumming up. The 
foregoing directions concerning running the gum and pouring in the oil, find also 
boiling off and mixing, are, with very little differenci*. t(» Ik? observed in the iiiakiug 
of all sorts of copal varnishes, excej^t the differences of the quantities of oil, gum, &c., 
w'hich will be found under the various descriptions by name, whicli wdll bo hereafter 
described. 

The choice of linseed oil is of peculiar consequence to the v<‘iriiisli-m;iker. Oil 
from fine full-grown ripe seed, when viewed in a phial, wall sippear limpid, pale, and 
brilliant; it is mellow and sweet to the taste, has very little smell, is specifically 
lighter than impure oil, find, when clarified, dries quickly and firmly, and does not 
materially chang-e the colour of the varnish w'hen made, but appears limpid and 
brilliant. 

Copal Varnishes for fine paintings^ — Fuse 8 lbs. of the very clefinest pale African 
gum copal, and, when completely run fluid, pour in two gallons of hot oil, old measure ; 
let it boil until it will string very strong; and in about fifteen minutes, w’ w'hilo it is 
yet very hot, pour in three gallons of turpentine, old measure, and got from the top of 
a cistern. Perhaps during the mixing a considerable quantity of the turpentine will 
escape ; but the varnish will be so much the brighter, transparent, and fluid ; and w ill 
work freer, dry more quickly, and be very solid and durable w'licn dry. After the 
varnish has been strained, if it is found too thick, before it is quite cold, heat us much 
tnmntine, and mix with it, as will bring it to a proper consistency. 

Cabinet VamisK — Fuse 7 lbs. of very fine African gum copal, and pour in half a 
gallon of pale clarified oil ; in three or four mirnttes after, if it feel stringy, take it out 
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of doors, or into another building whore there is no fire, and mix with it three gallons 
of turpentine ; afterwards strain it, and put it aside for use. This, if properly boiled, 
will d^ in ten minutes ; but if too strongly boiled, will not mix at all with the tur- 
pentine ; and soTneiiTneSy when boiled with the turpentine, will mix, and yet refuse to 
incorporate with any other varnish less boiled than itself: therefore it requires a nicety 
which is only to bo learned from practice. This varnish is chiefly intended for the 
use of japaiiners, cabinet-painters, coach-painters, &c. 

Beat-body Copal Varnish, for coach-mahera^ ^c . — This is intended for the body parts 
of coaches and other similar vehicles, intended for polishing, 

Puse 8 lbs. of fine African gum copal ; add two gallons of clarified oil (old measure) ; 
boil it very slowly for four or five hours, until quite stringy ; mix with throe gallons 
and a half of turpentine ; strain off, and pour it into a cistern. As they are too slow 
in drying, coach-makers, painters, and varnish-makers have introduced to two pots of 
the preceding varnish one made as follows : — 

8 lbs, of fine pale gum animc ; I gallons of turpentine. 

2 gallons of clarified oil ; | To be boiled four hours. 

The more minutely the gum copal is run, or fused, the greater the quantity, and the 
stronger the produce. The more regular and longer the boiling of the oil and gum 
together is continued, the more fluid or free the varnish will extend on whatever it is 
applied to. When the mixture of oil and gum is too suddenly brought to string by too 
strong a heat, the varnish requires more than its just proportion of turpentine to thin 
it, whereby its oily and gummy quality is reduced, w'hich renders it less durable ; 
neither will it flow so well in laying on. The greater proportion of oil there is used 
in varnishes, the less they are liable to crack, because the tougher and softer they are. 
By increasing the proportion of gum in varnishes, the thicker will be the stratum, the 
firmer they will set solid, and the quicker they will dry. When varnishes are quite 
new made, and must be sent out for use before they are of sufficient .age, they must 
always be left thicker than if they were to bo kept the proper time. Varnish made 
from African copal aloue possesses the most elasticity and transparency. Too much 
drier in varnish renders it opaque and unfit for delicate colours. Copperas does not 
combine with varnish, but only hardens it. Sug<ar of lead does combine with varnish. 
Turpentine improves by age ; and v.arnish by being kept in a W'arm place. All copal- 
or oil-varnishes require age before they are used. 

All body- varnishes are intended and ought to have 1.^- lb. of gum to each gallon of 
varnish, when the varnish is strained oft’ and cold; but as the thinnmy up, or quantity 
of turpentine required to bring it to its proper consistency, depends very much upon 
the degree of boiling the varnish has undergone, therefore, when the gum and oil. 
have not been strongly boiled, it requires less turpentine for that purpose ; whereas, 
wdien the gum and oil .are very strongly boiled together, a pot of 20 gallons -will 
require perhaps 3 gallons above the regular proportionate qmintity ; and if mixing 
the turpentine bo commenced too soon, and the pot be not sufficiently cool, there will 
be frequently .above a gallon and a half of turpentine lost by evaporation. 

Pale Amber Var 7 iiah.—'FvLse 6 lbs. of fine picked very pale transparent amber in 
the gum-pot, and pour in 2 gallons of hot clarified oil. Boil it until it strings ve^ 
strong. Mix with 4 gallons of turpentine. This will be as fine as l)ody-copal, will 
work very free, and flow w'ell upon any work it is .applied to : it becomes very hard, 
and is the most durable of all varnishes. 

Fine Mastic, or Picture Varnish.— Put 5 ll»s. of fine picked gum mastic into a 
new 4-gallon tin bottle ; get ready 2 lbs. of glass, bruised as small as bjirley ; and 
put it into the bottle wiUi 2 gallons of turpentine that has settled some time ; put a 
piece of soft leather under the bung ; lay the tin on a sack upon the counter, table, or 
anything that stands solid ; begin to agitate the tin, smartly rolling it backward and 
forward, causing the gum, glass, and turpentine, to work as if in a barrel-churn for at 
loiist 4 hours, when the varnish may bo emptied out. If the gum is not all dissolved, 
return the whole into the bottle, and agitate as before, until all the gum is dissolved ; 
then strain it through fine thin muslin into a clean tin bottle : leave it uncorked, so 
that the air can get in, but no dust ; let it stand for nine months at least before it is 
used, for the longer it is kept the tougher it will be, and less liable to chill or bloom. 

Common Mastic Vamisbi.— Put as much gum mastic, unpicked, into the gum-pot as 
may be required, and to every 2j lbs. of gum pour in 1 gallon of cold turpentine ; 
set the pot over a very moderate fire, and stir it with the stirrer ; be careful, when the 
steam of the turpentine rises near the mouth of the pot, to cover it with the ^rpet, 
and c:irry it out of doors, as the vapour is very apt to catch fire. A few minutes’ 
low heat will perfectly dissolve 8 lbs. of gum, which will, with 4 gallons of 
turpentine, produce, when strained, 4j gallons of varnish ; to which add, while yet 
voL. III. 3 y 
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hot, 6 pints of pale turpentine varnish, which improves the body and hardness of tho 
mastic varnish. 

Crystal Varnish. — Procure a bottle of Canada balsam, and set tho bottle of balsam 
at a little distance from the fire, turning it round several times, until tho heat has 
thinned it ; then have something that will hold as much as double the quantity of 
balsam ; carry the balsam from the fire, and, while fluid, mix it with the same quantity 
of good turpentine, and shake them together until they are well incorporated : in a 
few days the varnish is fit for use. This varnish is used for maps, prints, charts, 
drawings, papei-ornaments, &c. ; and when made upon a larger scale, requires only 
warming tne balsam to mix with tlie turpentine. 

White Hard Spirit of Wine Varnish. — Put 6 lbs. of gum sandarac into a 4-gallon 
tin bottle, with 2 gallons of spirits of wine, 60 over proof, and agitate it until dissolved, 
exactly as directed for tho best mastic varnish, recollecting if glass is used that it is 
convenient to dip the bottle containing the gum and spirits into a copperful of hot 
water every 10 minutes — tho bottle to be immersed only 2 minutes at a time — whicli 
will greatly assist the dissolving of the gum ; but, above all, be careful to keep a firm 
hold over the cork of the bottle, otherwise the vapour will drive it out. The bottles 
every time it is heated, ought to be carried away from the fire ; the cork should l>o 
eased a little, to allow the rarefied air to escape ; then driven tight, and the agiUition 
continued in this manner until all the gum is properly dissolved. After it is strained 
off, put into the varnish 1 quart of very pale turpentine varnish, and shake and mix 
the two well together. Spirit varnishes should be kept well corked : they are fit to 
use the day after being made. 

Brown Hard Spirit Varnish is niaclc by putting into a bottle 3 lbs. of gum san- 
darac, with 2 lbs. of shellac, add 2 gallons of spirits of wine, 60 over proof ; pro- 
ceeding exactly as before directed for the white hard varnish, and agitating it when 
cold, which requires about four hours’ time, without any danger of fire; whereas, 
making any spirit varnish by heat is always attended with dangcT. No spirit varnish 
ought to be made either near a fire or by Ciujdle-light. When this brown hard is 
strained, add 1 quart of turpentine varnish, and shake and mix it well : next day it is 
fit for use. 

The Chinese Varnish comes from a tree which grows in Cochin-China, Cliin.'i, aud 
Siam. It forms the best of all varnishes. 

Gold hacker. — ^Put into a clean 4-gallon tin, 1 Di. of ground turmeric, I J ounce 
of powdered gamboge, 3.^ lbs. of powdered gum sandarac, of a fpound of sbellac, 
and 2 gallons of sjiirits of wine. After being agitated, dissolved, and Ftrained, add 1 
pint of Turpeiitiue varnish, well mixed. 

Bed Spirit Lacker, Vale Brass Lacker. 

2 gallons of spirits of wine ; 2 gallons of spirits of wine ; 

1 lb. of dragon’s blood ; .‘1 ounces of Cape aloes, cut small ; 

3 lbs. of Spanish annotto ; 1 11^ of fine pale shellac ; 

3^ lbs. of gum sandarac ; J ounce gamboge, cut small. 

2 pints of turpentine. j No turpentine varnish. Made exactly as 

Made exactly as the yellow gold lacker. '• before. 

White Spirit Varnish. — Sandarac. 230 parts ; mastic in tears, G4 ; eleini resin, 32 ; 
turpentine (Venice ), G4 ; alcohol, of 80 per cent., 1,000 parts by measure. 

The turpentine is to be added after the resins are dissolved. This is a brilliant 
varnish, but not so hard as to bear polishing. 

Varnish for the Wood Toys of Spa. — Tender copal, 70 parts; mastic, 12*0 ; Veniev 
turpentine, 6*5; alcohol, of 95 per cent., 100 parts by measure ; water ounces, for 
example, if the other parts be taken in ounces. 

The alcohol must be first made to act upon the copal, with tho aid of a little oil of 
lavender or camphor, and the solution being passed through a linen cloth, the mastic 
must be intrfjdiiced. After it is dissolved, the Venice turpentine, ]trcviously molted 
in a water-bath, should be added ; the lower the temperature atw'hich these operatipns 
are carried on, the more beautiful will the varnish be. This varnish ought to be very 
white, very drying, and capable of being smoothed with pumice-stone and polished. 

The Varnish of Watin.for Gilded Articles. — Gum lac, in grain, 125 parts; gam- 
boge, 126; dragon’s blooi 126; annotto, 125; saffron, 32. Each resin must be dis- 
solved in 1,060 parte by measure of alcohol of 90 per cent. ; two separate tincture.s 
must be made with the dragon’s blood and annotto, in 1,000 parts of such alcohol ; and 
a proper proportion of each should be added to the varnish, according to the shade of 
golden colour wanted. 

J'or fixing engravings or lithographs upon wood, a varnish called mordant is used in 
France, which differs from others chiefiy in coptaining more Venice turpentine, to 
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make it sticky ; it consists of — sandarae, 250 parts; mastic, in tears, 64; resin, 125; 
Venice turpentine, 250 ; alcohol, 1,000 parts by measure. 

Milk of Wax is a valuable varnish, which may bo prepared as follows : — Melt in a 
porcelain capsule a certain quantity of white wax, and add to it, while in fhsiou, an 
equal quantity of spirit of wine, of sp. gr. 0*830 ; stir the mixture, and pour it upon a 
large porphyry slab. The granular mass is to bo converted into a paste by the muller, 
with tJio addition, from time to time, of a little alcohol ; and as soon ns it appears to 
bo smooth and homogeneous, water is to be introduced in small quantities successively, 
to the amount of four times the weight of the wax. This emulsion is to be then 
passed through canvas, in order to separate such particles as may be imperfectly in- 
corporated. The milk of wax, thus prepared, may be spread with a smooth brush 
upon tho surface of a painting, allow*ed to dry, and then fused by passing a hot iron 
(salamander) over its surface. When cold, it is to be rubbed with a linen cloth to 
bring out the lustre. 

Black Japan is made by putting into tho sot-pot 48 lbs. of Naples or any other of 
tho foreign asphaltums (except the Egyptian). As soon as it is melted, pour in 10 
gallons of raw linseed oil ; keep a moderate fire, and fuse 8 lbs. of dark gum 
anim6 in tho gum-pot ; mix it with 2 gallons of hot oil, and pour it into the set-pot. 
Afterwards fuse 10 lbs. of dark or sea amber in tho 10-gallon iron -pot ; keep 
stirring it while fusing ; and whenever it appears to bo overheated, and rising too 
high in tho pot, lift it from the fire for a few minutes. When it appears completely 
fused, mix in 2 gallons of hot oil, and pour the mixture into the set-pot ; continue the 
boiling for 3 hours longer, and during that time introduce the same quantity of driers 
as before directed : draw out the fire, and let it remain until morning ; then boil it 
until it rolls hard, as before directed : leave it to cool, and afterwards mix with 
turpentine. 

Best Brunswick Black. — In an iron pot, over a slow fire, boil 45 lbs. of foreign 
asphaltum for at least 6 hours ; and during tho same time boil in another iron pot 
6 gallons of oil which has been previously boiled. During the boiling of the 6 gallons 
introduce 6 lbs. of litharge gradually, and boil until it feels stringy between the 
fingers ; then ladle or pour it into tho pot containing the boiling asphaltum. Let tho 
mixture boil until, upon trial, it will roll into hard pills ; then let it cool, and mix it 
with 25 gallons of turpentine, or until it is of a proper consistency. > 

Iron-work Black. — X^ut 48 lbs. of foreign asphaltum into an iron pot, and boil 
for 4 hours. During the first 2 hours introduce 7 lbs. of red lead, 7 lbs. of 
litharge, 3 lbs. of dried copperas, and 10 gallons of boiled oil ; add 1 eight-pound 
run of dark gum, with 2 gallons of hot oil. After pouring the oil and gum, 
continue the boiling 2 hours, or until it will roll into hard pills like japan. AVhen 
cool, thin it off with 30 gallons of turpentine, or until it is of a proper consis- 
tency. This varnish is intended for blacking the iron-work of coaches and other 
carriages, &c. 

A cheap Brunswick Black. — Put 28 lbs. of common black pitch, and 28 lbs. of 
common asphaltum made from gas-tar, into an iron pot ; boil both for 8 or 1 0 hours, 
which will evaporate the gas and moisture ; let it stand all night, and early next 
morning, as soon as it boils, put in 8 gallons of boiled oil ; then introduce, gradually, 
10 lbs. of red lead and 10 lbs. of litharge, and boil for 3 hours, or until it will 
roll very hard. When ready for mixing, introduce 20 gallons of turpentine, or more, 
until of a proper consistency. This is intended for engineers, founders, ironmongers, 
&e. It will dry in half an hour, or less, if properly boiled. 

VSGETdOJBlkS BUTTZR. A fatty substance expressed from the seeds of an 
Indian tree, the Bassia hutyraeva, Koxb. It is said to make good soiip. 

VBGBTASBB BTHZOPS. A charcoal prepared by the incineration in a 
covered crucible of the Fucus vesiculosus, or common sea-wrack. 

VXaETBBKS FZBBS. Most of the useful vegetable fibres are described under 
their proper heads, as Flax, He»ip, &c. See also Fibbes, and Fibbe, Veoetable. 

VBGETiLBBE ZVOBY. See Cobosa Nuts, and Ivouy, Vegetable. 

VBGETB.BBB PiLBCBMBSrT. See Parchment, Vegetable. 

VBZirS {Filons, Fr. ; Gauge, Ger.) are the fissures or rents in rocks, which are 
filled with ijeculiar mineral substances, most commonly metallic ores. See Min£s> 
Mining, &c. 

VBZir-BTOirBB are the mineral substances which accompany, and frequently 
enclose, the metallic ores. See Mines, Mining, &c. 

VEZiZiUBZ is a fine sort of parchment. See Parchment. 

VSBVST ( Velours, Fr. ; SamTnet, Ger.), A peculiar stuff, the nature of which is 
explained under Fustian and Textile Fabrics, 

VZSWBTZBir CBAUC is Steatite. 

3x2 
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VUfSTUILlf ^UTBSTBa A carefully-prepared carbonate of lead. See White Ltiad. 

WXCIS TU XtPSirmra. a turpentine obtained from the larch {Larix 

EiiroptBa). 

VJESm&ATXOn' of XIKXSTSS. In our subterranean operations, especially 
where quantities of carbonic acid are constantly being produced by respiration and 
combustion, and where, as especially in our coal-mines, the workmen are constantly 
exposed to the efflux of a gas — flight carburettcd hydrogen, which, when mixed with 
air, becomes explosive, it is necessary to adopt the means of removing, as rapidly as 
possible, the atmosphere by which the miner is surrounded. 

The production of noxious gases renders ventilation a primary object in tho 
system of mining. If an air-pipe has been carried down tho erf^ne pit for the purpose 
of ventilation in the sinking, other pipes are connected with it, and laid along the 
pavement, or are attached to .an angle of the mine next the roof. These pipis are 
prolonged with the galleries, by which means the air at the forehead is drawn up tho 
pipes and replaced by atmospheric air, which descends by the shaft in an equable cur- 
rent, regulated by the draught of the furnace at the pit-mouth. This circulation is 
continued till tho miners cut through upon the second shaft, when the air-pipes become 
superfluous ; for it is well known that the instant such communication is made, as is 
represented in fy. 2068 a, the air spontaneously descends in tho engine-pit A, and passing 
along the gallery a, ascends in .a steady current in the second 
pit n. Tho air, in sinking through a, has at first the .atmospheric 
temperature, which in wdnter may be at or under the freezing- 
point of water ; but its temperature increases in passing iU)wii 
tlirougli the relatively warmer earlh, and ascends in the shaft n, 
warmer than tho atmosphere. When shafts .are of unequal 
depths, as represented in the figure, the current of air flows 
pretty uniformly in one direction. If tho second shaft has the 
same depth with the first, and the bottom and mouth of l>oth bo in the same horizontal 
plane, the air would sometimes remain at rest, as water would do in an inverted 
syphon, and at other tinujs would circulate down one pit and up another, not always in 
the same direction, but sometimes up the one and sometimes up tho other, according 
to the variations of temperature at the surface, and the barometric^il pressures, as 
modified bj’ winds. There is in mines a proper heat, proportional to their depth, in- 
creasing about one degree of Fahrenheit’s scale for every 60 feet of descent. 

There is a simple mode of conducting air from the pit-bottom to the forehead of the 
mine, by cutting a rag()Un, or trumpeting, as it is termed, in the side of tht' gallery, .as 
2069 represented in Jig. 2069, w'here a exhibits tlie gallery' in tho co.al, 

and n the ragglin, which is from 15 to 18 inches square. The coal 
itself forms three sides of the air-pipe, and the fourth is composed of 
thin deals applied air-tight, and nailed to small props of wood fixed 
between the top and bottom of the lips of the ragglin. This mode is very generally 
adopted in running galleries of commuiiic/ition, and dip-head level galleries, where 
carbonic acid abounds, or when from the stagnation of the air the miners’ lights 
burn dimly. 

When the ragglin or air-pipes are not made spontaneously active, the air is some- 
times impelled through them by means of ventil.ating- fanners, having their tube placed 
at the pit-)»ottom, while the vanes arc driven wdth great velocity l>y a W’heel and 
pinion worked with the hand. In other cases, large bellows like those of the black- 
smith, furnished with a wide nozzle, are made to act in a similar waiy with the fanners. 
But these are merely temporary expedients for smjill mines. 

Ventilation of mines and collieries has been likew ise effected on a sm.all scale, by 
attaching a horizontal funnel to the top of air-pipes elevated a considerable height 
above the pit-mouth. The funnel revolves on a pivot, and by its tail-piece places its 
mouth BO as to receive the wind. At other times, a circulation of air is produced by 
placing coal-fires in iron grates, either at the bottom of an uj^cast pit, or suspended 
by a chain a few fathoms down. 

In all great coal-mines the aerial circulation is regulated and directed by double 
doors, called main or bearing doors. These .are true air-valves, wdiieh prevent the 
current of air moving in one direction from mixing wdth another moving in a different 
direction. Such valves arc placed on the main roads and passages. Their functions 
are represented in the annexed^. 2070 : where a show^s the downcast shaft, in which 
the aerial current is made to descend ; b is the upcast sh.aft, sunk towards the rise of 
tho coal ; and c the dip-head level. Were the mine here figured to be worked without 
any attention to the circulation, the air would flow down the pit a, and proceed in a 
direct line up the rise mine to the shaft b, in which it w ould ascend. The consequence 
would therefore be, that all the galleries and boards to the dip of the pit a, and those 
lying on each side of the pits, would hare no circulation of air; oz’, in the language 
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of llio collior, would be laid dead. To obviate tliis result, double doors are placed in 
three of the galleries adjoining the pit ; viz. at a and c and d, c and f ; all of which 
open inwards to the shaft a. By this plan, as the air is not suffered to pass directly 
from the shaft a to the shaft n, through the doors a and h, it 
would have taken the next shortest direction by c d and 
ef\ but the doors in these galleries prevent this course, 
and compel it to proceed downwards to the dip-head level 

c, where it will spread or divide, one portion pursuing 
a route to the right, another to the left. On arriving at 
the boards g and A, it would have naturally ascended 
by them ; but this it cannot do by reason of the build- 
ing or stopping placed at g and h. By means of such 
stoppings placed in the boards next the dip-head level, the air can be transported to 
tJio right hand or to tho left for many miles, if necessary, provided there be a train or 
circle of aerial communication from tho pit a to the pit b. If the boards i and k are 
open, the air will ascend in them, as traced out by the arrows ; and after being diffused 
through the workings, will again meet in a Ijody at a, and mount the gallery to the 
pit B, sweeping away with it tho deleterious air which it meets in its path. Without 
double doors on each main passage, the regular circulation of tho air would be con- 
stantly liable to interruptions and derangements ; thus, suppose tho door c to be re- 
moved, and only d to remain in tho left-hand gallery, .all the other doors being as 
represented, it is obvious, that whenever tho door d is opened, tho air, finding a more 
direct passage in that direction, would mount by tho nearest channel /, to the shaft u, 
and Lay dead all the other parts of the work, stopping all circulation. As the passages 
on which tho doors arc placed constitute the main roads by which the minors go to 
and from their work, and as tho corves are also constantly wheeling along, wore a 
single door, such as tZ, so often opened, the ventilation would bo rendered precarious 
or languid. But tho double doors obviate this inconvenience ; for both men and 
horses, with tho corves, in going to or from the pit- bottom a, no sooner enter the door 

d, than it shuts behind them, and encloses them in the still air contained between the 
doors d and c ; o having prevented tho air from changing its proper course while d was 
open. When d is again shut, tho door c may bo opened without inconvenience, to 
allow tho men and horses to pass on to the pit-bottom at a : the door d. preventing 
any change in the aerial circulation while the door c is open. In returning from the 
pit, tho same rule is observed of shutting one of the double doors before the other is 
opened. 

When carbonic acid gas abounds, or when the fire-damp is in very small quan- 
tity, the air may bo conducted from the shaft to the dip-head level, and by placing 
stoppings of each room next tho level, it may be carried to any distance along the 
dip-he.ad levels ; and the farthest room on each side being left open, the air is suffered 
to diffuse itself through tho wastes, along the wall faces, and mount in the upcast pit. 
But should the air become stagnant along the wall faces, stoppings are set up through- 
out the galleries, in such a way as to direct the main body of fresh air along the wall 
faces for tho workmen, while a partial stream of air is allowed to pass through the 
stoppings, to prevent any accumulation of foul air in the wastes. 

In very deep and extensive collieries more elaborate .arrangements for ventilation 
are introduced. The circulation is made active by rarefying the 



air at tho upcast shaft, by means of a large furnace placed either at on'r ? f 

the bottom or top of tho shaft. The former position is generally pro- -tfO/l i 

ferred. Fig. 2071 exhibits a furnace placed at the top of tho pit. A 
little way below the sc.affold, a passage is previously cut, either in a /| 

sloping direction, to connect tho current of air with the furnace, or i 

it is laid horizontally, and then communicates with the furnace by 1 

a vertical opening. If any obstacle prevent tho scaffold from being ^ I 

tTected within tlio pit, this can be made air-tight at top, and a brick ^ 

flue carried thence along the surface to tho furnace. 

The furnace has a size proportional to the magnitude of the I I B 

ventilation, and the chimneys are either round or square, being from 
50 to 100 feet high, with an inside dmmeter of from 5 to 9 feet at bottom, tapering 
iipwfirds to a diameter of from 2.^ feet to 5 feet. Such stalks are made 9 inches thick 
in the body of the building, and a little thicker at bottom, where they are lined with 
fire-bricks. 


The plan of placing the furnace at the bottom of the pit is, however, more advan- 
tageous, because tho shaft through which the air ascends to th© furnace at the pit* 
mouth, is always at the ordinary temperature ; whereas, when the furnace is situated 
at the bottom of the shaft, its sides get heated, like those of a chimney, through ita 
total length, so that,' though the heat of the furnace be accidentally allowed to decline 
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or become extinct for a little, the circulation -will still go on, the air of the upcast pit 
being rarefied by the heat remaining in the sides of the shaft. 

To prevent the annoyance to the onsetters at the bottom from the hot smoke, tbo 
plan has been adopted, as shown in the wood -cut, 2072, whore a represents the 
lower part of the upcast shaft; A, the furnace, built of brick, arclied at top, with its 
sides insulated from the solid mass of coal which surrounds it. Eetwoen the furnace 
wall and the coal-beds a current of air constantly passes towards the shaft, in order 
to prevent the coal catching fire. From the end of the furnace a gallery is cut in a 
rising direction at c, which communicates with the shaft at d, about 7 or 8 fathoms 
from the bottom of the pit. Thus the furnace and the fnrnaco-keepor arc completely 
disjoined from the shaft ; and the pit-bottom is not only free from all incumbrances, 
but remains comfortably cool. To obviate the i neon vein onces from the smoke to the 
banksmen in landing the coals at the pit-mouth, the following plan has been contrived 
for the Newcastle collieries. Fig. 2073 represents the mouth of the pit : a is the up- 
cast shaft, provided with a furnace at bottom ; h, the downcast shaft, by which the 
supply of atmospheric air descends ; and the brattice carried above the pit-mouth. 
A little way below the settle-boards, a. gallery, c, is pushed, in communication with 
the surface from the downcast shaft, over which a brick tube or chimney is built from 
60 to 80 feet high, 7 or 8 feet diameter at bottom, and 4 or 5 foot diameter nt top. 
On the top of this chimney a deal funnel is suspended horizontally on a pivot, like a 
turn-cap. The vane/, made also of deal, keeps the mouth of the funnel always in the 
same direction with the wind. The same mechanism is mounted at the upcasn shaft 
a, only here the funnel is made to present its mouth in the wind’s eye. It is obvious 



from the figure, that a high wind will rather aid than clunk tliC vonllliitiou by libs 
plan. 

The principle of ventilation being established, the next o])j('cl in opening \\\) :i 
colliery, and in driving galleries, is iho douh/": inwe or doublo headwags course \ on 
the simple but ingenious distribution of which, the circulatifui of air tlopcnds at tiui 
commencement of the excavations. 

Tile double headways course is represented in Ji<i. 207-1. where a is tJio one Ijeadiiig 
or gallery, and b the other; the former being immediately connected with the upcast 
side of the pit c, and the latter with the downcast .side of the pit d. The pit itself is 
made completely air-tight by its division of deals from top to bottom, called ‘the brat- 
tice wall ’ ; so that no air can pass through the brattice from d to r, and the intercourse 
betwixt the two currents of air is completely intercepted by a stopping betwixt tlie pit- 
bottom and the end of the first pillar of coal ; tlie pillars or walls of coal, marked c, 
are called ‘ stenting walls ; ’ and the openings betwixt them, ‘ walk ’ or * thirlings.' The 
arrow's show the direction of the air. The headings a and b are gonerully made about 
9 feet wide, the stenting-walls 6 or 8 yards thick, and are liok;d or thirled at such a 
distance as may be most suitable for the state of the air. Tlie thirlings are feet wide. 

When the headings are set off from the pit-bottom, an aperture is left in the 
brattice at the end of the pillar next the pit, through wdrich the circulation bct vrixt 
the upcast and downcast pits is caiTicd on ; but wdicnever t he workmen cut through 
the first thirling No. 1, the aperture in the brattice at the pit-l>ottom is shut; in con- 
sequence of which the air is immediately drawn by the power of the upcast shaft 
through that thirling as represented by the dotted arrow'. U’hus a direct stream of 
fresh air is obviously brought close to the forehead where the mines are at work. 
The two headings a and b are then advanced, and as soon as thelhirling No. 2 is cut 
through, a wall of brick and mortar, 4^ inches thick, is built across the thirling 
No. 1. This wall is termed ‘ a stopping ; * and being air-tight, it forces the whole circu- 
lation through the thirling No. 2. In this maimer the air is always led forw'ard, and 
caused to circulate always by the last- made thirling next the forehead ; care l)eiiig had, 
that whenever a new thirling is made, the last thirling through which the air w'hs 
circulated be secured with an air-l^ght stopping. In the woodcut, the stoppings are 
placed in the thirlings numbered 1, 2, 3, 4, 6, 6, and of consequence the Avhole cir- 
colatiou passes through the thirling No. 7, which lies nearest the foreheads of the 
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headings, a, b. By inspecting the figure, wo oLsorve that on this very simple plan a 
stream of air may bo circulated to any required distance, and in any direction, how-, 
ever tortuous. Thus, for example, if while the double headways course a, 6, is pushed 
forward, other double headways courses are required to be carried on at the same 
time on both sides of the first headway, the same general principles have only to be 
attended to as shown in Jig. 2075, where a is the upcast and h the downcast shaft. 
The air advances along the heading c, but cannot proceed farther in that direction 
than the pillar d, being obstructed by the double doors at e. It therefore advances 
in the direction of the arrows t-o the foreheads at /, and passing through the last 
thirling nnicle there, returns to the opposite side of the double doors, ascends now the 
heading g to the foreheads at A, passes through the last-made thirling at that point, 
and descends, in the heading % till it is interrupted by the double doors at k. The 
aerial current now moves along the heading /, to the foreheads at w^, returns by the 
last-made thirling there, along the heading Qi, and finally goes down the heading o, 
and mounts by the upcast shaft a, carrying with it all the noxious gases which it 
encountered during its circuitous journey. This woodcut is a faithful representation 
of the system by which collieries of the greatest extent are worked and ventilated. 
In some of these the air courses are from 30 to 40 miles long. Thus the air con- 
ducted by the medium of a shaft divided 
l)y a brnt4icc-wall only a few inches thick, 
after descending in the downcast in one 
compartment of the pit at G o’clock in the 
morning, must thence travel through a 
circuit of nearly 30 miles, and cannot anavo 
at its reascending compartment on the other 
side of the brattice, or pit partition, till 6 
o’clock in the evening, supposing it to move 
all the liiiHs at the rate of 2.} miles per 
hour. Hence wo see that piimiim 'inohile 
of this mighty circulation, thofurnjuic, must 
bo carefully looked after, since its irregu- 
larities may affect tho comfort, or even tho 
exist(;iice of bundred.s of miners spread over 
these vast suljterraneous labyrinths. On th.e 
principles just laid down, it appe^xrs, that if 
any number of boards be set off from atiy 
side of these galleries, either in a level, dip, 
or rise direction, the circulation of air maybe advanced to each forehead by an ingoing 
and returning current. 

Yet while tho circulation of fresh air is thus advanced to the last-made thirling next 
tho forelioads f, h, and fig. 2075, and moves through the thirling which is nearest 
to the face of every board and room, the emission of fire-damp is frequently so 
abundant from the coaly strata, that the miners dare not proceed forwards more than a 
few feet from that aerial circulation, without hazard of being burned by the combustion 
of tho gas at their candles. To guard against this accident, temporary shifting 
brattices are employed. These are formed of deal, about if of an inch thick, 
3 or 4 feet broad, and 10 feet long; and are furnished with cross-bars for binding the 
deals together, and a few finger-loops cut through them, for lifting them more ex- 
peditiously, in order to place them in a proper position. 

The mode of applying the.so temporary brattices, or deal partitions, is shown in tho 
accompanying figure (2076), which shows how the air circulates freely through the 
thirling d, d, before tlio brattices are placed. At h and c, we see two 
heading boards or rooms, which are so full of inflammable air as to bo 
unworkable. Props are now erected near tho upper end of the pillar r, 
betwixt the roof and pavement, about 2 foot clear of the sides of the 
next pillar, leaving room for the miner to pass along between tho pillar 
side and the brattice. Tho brattices are then fastened with nails to the 
props, the lower edge of the under brattice resting on the pavement, 
while the upper edge of the upper is in contact with the roof. By this 
means any variation of tho height in the bed of coal is compensated by 
the overlap of the brattice boards; and as these are advanced, shift- 
ing brattices are laid close to and alongside of the first set. The miner 
next sets up additional props in the same parallel line with the former, and slides 
the brattices forwards to make the air circulate close to the forehead where he is 
working; and he regulates the distaTico betwixt the brattice and the forehead by 
tho disengagement of fire-damp and the velocity of the aerial circulation. The props 
are shown at d d, and tho brattices at / /. By this arrangement the air is pre- 
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Tented from passing directly through the thirling cr, and is forced .along the right- 
hand side of the brattice, and, sweeping over the wall face or forehead, returns by 
the back of the brattice, and passes through the thirling a. It is prevented, however, 
from returning in its former direction by the brattice planted in the forehead c, where- 
by it mounts up and accomplishes its return close to that forehead. Thus headways 
and boards are ventilated till another thirling is made at the upper part of the pillar. 
The thirling a is then closed by a brick stopping, and the brattice-boards removed 
forward for a similar operation. 

When blowers occur in the roof, and force the strata down, so as to produce a largo 
vaulted excavation, the accumulated gas must be swept away ; because, after filling 
that space, it would descend in an unmixed state under the common roof of the coal. 
The manner of removing it is represented in fy. 2077, where a is the bed of coal, 
b the blower, c the excavation left by the downfall of the roof, is a passing door, 
and c a brattice. By this arrangement the aerial current is carried close to the roof, 
and constantly sweeps off or dilutes the inflammable gas of the blowc'r, as fast as it 
issues. The arrows show the direction of the current; but for which, the acciiniu- 
lating gas would be mixed in explosive proportions with the atmospheric air, and 
destroy the miners. 

There is another modification of the ventilating system, where the air-courses are 
traversed across; that is, when one air-course is advanced at riglit angles to anotlier, 
and must pass it in order to ventilate the workings on the farther side. This is 
accomplished on the plan sliowm in 2078, where a is a main road with an air- 
course, over which the other .air-course b, has to pass. The sides of this air-channel 
are built of bricks .arched over, so as to be air-tight, and a gallery is driven in the 
roof strata as shown in the figure. If au air-course, as a, be laid over with planks 
made air-tight, crossing and recrossing may be effected with facilitja The general 
velocity of the air in these ventilating channels is from 3 to 4 feet per second, or about 

2.i miles per hour, and their internal dimensions 
v.aryfrom 6 to 6 feet square, affording .an area of 
from 2o to 36 square fe(!t. 

The hydraulic air-pump d(\scrves to be noticed 
.‘imong the various ingenious contrivances for 
v(;nlil.ating mines, particularly when they are 
of moderate extent, a is a large wooden tub, 
iiefirl}' filled with water, through whose bottom 
the ventilating pipe /' passes down into the re- 
cesses of the mine. Upon the top of b tlicro is 
a valve e, opening upwards. Over the gaso- 
meter vessel is inv(?rted in «, having a valve 
also opening outwards at. d. When this vessel 
is depressed by any moving force the air con- 
tained within it is expelled through d ; and when 
it is raised, it diminishes the atmospherical pressure in the pipe b, and thus draws 
air out of the mine into the gasometer ; which cannot return on account of the valve 
at r, but is thrown out into the atmosphere through d at the next descent. 

Struvds Nine Ventilator . — This ventilator lias been constructed in some of the 
mines of South Wales upon a very large scale. Although in principle a pump of the. 
simplest form, some of the pistons have been made 20 feet in diameter, and two 
pumps wore constructed 21 feet in diameter. Sce./ny. 2080. 

In some mines to which the machine has been applied, the rarefaction and ventila- 
tion has proved so strong as te prevent single doors being opened, unless protected 
by supplemental doors. The circumstance of the air not being compressed in the 
machine admits of large valve spaces, so that there is scarcely any appreciable 
resistance to the passage of the air through the machine. 

The annexed drawing,^. 2080, represents the machine in operation at the Governor 
and Company’s large collieries at Cwm Avon, Glamorganshire. 

The sectional view explains the internal construction, tlio darts showing the air- 
currents ascending the upcast pit a, from the interior of the mine into the machine. 

The general plan of distributing the air in all crises is to send the first of the 
current that descends in the downcast shaft among the horses in the stables, Jiext 
among the workmen in the foreheads, after which the air, loaded with whatever 
mixtures it may have received, is made to traverse the old wastes. It then pjisses 
through the furnace with all the infl.ammable gas it has collectod, ascends the upcast, 
shaft, and is dispersed into the atmosphere. This system, styled coursing the air, 
was invented by Mr. Spedding of Cumberland. 

The piston b, is shown immersed in water, which forms an air-tight packing. 

The front or outlet valves b, are shown in the external view of the ventilator. The 
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end of Lho mucliine is represented open in the drawing, for the convenience of showing 
the inlet valves k, and of explaining the internal construction. 




Ill ventilating the very thick coal of Staffordshire, though there is much inflammable 
gas, less care is needed than in the North-of England collieries, as the working are 
very roomy, and the air-courses of comparatively small extent. The air is conducted 
down one shaft, carried along the main roads, and distributed into the sides of work. 
A narrow gallery, termed ‘ the air-head,’ is carried in the upper part of the coal, in the 
ril) walls, along one or more of the sides. Lateral openings, named * spouts,’ are led 
Irom the air-head gallery into the side of the work; and the circulating stream, mixed 
with the gas in the workings, enters by these spouts, and returns by the air*head to 
the upcast pit. 

The means adopted in the South Staffordshire coal-mines, which have seams rary- 
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fug from 25 to 30 feot in tliickness, aro well worthy of consideration ; since a solid 
mass of that magnitude must be peculiarly difficult to drain of its imprisoned gas. In 
excavating such coal largo masses must lie detached, and pockets or hollows must be 
formed, which are immediately filled with carburetted hydrogen ; whilst a thin vein, 
for which a level roof can be generally securecl, can be kept tolerfibly free from such 
accumulations. 

According to the ordinary system adopted in the collieries of the South Staffordshire 
district, two shafts are sunk, nejir together, about 7 to feet in diameter, each to the 
bottom of the coal, sny about 180 yards depth, the two shafto commencing at the same 
level, and terminating at the same level. One of these becomes the ‘downcast pit’ 
down which the air descends, and the other the ‘ upcast pit* up which the air ascends, 
when a communication is made between them at the bottom ; but the onlj’^ determining 
causes for the motion of the air being accidental, it is unknown beforehand what 
direction the current will take, and which will become the downcast pit. It is always 
found that a current of air does take place without any other means being omplo^’ed ; 
but the determining power is so faint, that, issuing from the upcast pit wdth sucli 
trifling velocity, it is liable to be deranged by the action of the wind, or by atmospheric 
changes ; and it sometimes happens that the air becomes quiescent, or an unsteady 
column, alternately ascending and descending the same shaft ; and then, in miner’s 
language, tlie pits ‘ fight,’ and the ;iir will neither ascend nor descend with regularity 
in one direction. 

When the two pits are sunk down through the stratum of coal 30 ft. in thickness, n. 

‘ gate-road ’ or horse-wny is next driven in the bottom of the coal, from S to 9 ft. high, 
and about the same width, commencing from the bottom of the doumcasl, pit. 

At the same time an air-head is driven al)oiit the middle c;f tin; coal, or 15 feet higl; 
from the ‘ floor’ or the bottom of the coal, commencing from the downcast pit. The 
gate-road and air-head aro then driven in parallel linos, at the same h^vid upon which 
they commence, for the distonce of 109 to 500 yards, or more, according to the quantity 
of coal intended to be cleared by tin* pits. 

A series of ‘ spouts ’ or openings are driven upwards from the gate-road into the 
tiir-head, at intervals of 10 or 15 yards to carry off the gas formed, and prodneo a 
current of air for the workmen, — each spout being closed up wIk'M a, new om? is mad(^ 
in advance. The excavation of the whole thickness of tlie stratum of coal, 30 feet 
tliick, is then proceeded with, liy opening right and left from tlie end of the gate-road, 
and excavating a ‘ side of work,’ which forms a rectangular cavil v, say about 90 yards 
long l)y 50 yards wide, or altout an acre, the whole of the coal being taken aw:iy as 
far as practicable, ( xceptinr' l!ic pillars of eoal (generally 10 yards sejuaro and 10 yards 
distant from each other) wliich are left to support the superincumbent st rata. 

The air descending the downcast ])it, and travelling along the gat(!-road into tlie 
W’orkings, ascends to the air-head, and traversing that, ascends the upcast, pit, carrying 
with it the ga.s and impure vapours, as far as such imperfect and interrupted means 
will eff(‘Ct, and delivering them into the open air. 

By this plan the mine is ventilated, until the Iowut 15 feet of the coal is excavated; 
but w’here the whole thickness of the coal above the air-head has been removed, l)y 
undergoing the coal from tlieliotlom, and dropping it dow’n in largf* masses, the upjier 
pf>rtion of tht^ cavity, being above the level of the air-head, forms a reservoir for gas, 
which gradually accumulates, and has no means of e.scape, — areserv'oir of the capacity 
of some hundred thousand of cubic feet, which may bo wholly or in part- occupied by 
gas. An accidental changij in the direction of the current of air wamM turn t.be course 
of the air along the air-head into tliis reservoir of gas, ;nid from thence into the gate- 
road, and render an explosion very probable. After the eoal is extracted, a solid wall 
or ‘rib ’ of coal, from 6 to 1 0 y.irds thick, which i.s commonly termed a ‘ fire-rib,’ is left 
all round the chamber, scjiaraling it from the next workings ; and the entrance from 
the gate-road is securedy walled up, to exclude the air, and prevent spontaneous com- 
bustion, which would otherwise, in a short period, bike place. AA*heii an explosion 
occurs, it is generally followed by a second, or more, as portions of the gas become 
successively charged with the duo proportions of air; and the liability to these terrible 
explosions will always remain in mines thus w^orkod, till, by some efficient ine<uis. the 
gas can be allowed a continuous escape, and a current of air can be ensured to move 
always in one direction, with sufficient power to overcome all extraneous disturbing 
forces, either of the wind or any atmospheric changes. 

In 2082 the system adopted and carried into operation by the late Benjamin Gib- 
bons is shown. One pit a, is sunk, instocod of two ; and in the side of the shaft a smaller 
shafts is cut, to form an ‘air-chimney,’ and is afterwards separated from the main 
shaft ; this air-chimney is circular, and may be made about three feet diameter inside, 
or more, as may be required. The air-chimney is bricked at the same time with the 
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shafc, — tho circular brickwork of each forming a partition of double thickness and 
secure strengtli, from tlie two arches abutting agjiinst each other. 

The gate-road c, is driven from the shaft at ‘the bottom of the coal, as in the ordinary 



plan; but ilio air-hoacl (iriven from the air-chimupy within 2 feet of the top of tho 
coal, or higher, if practicable, and runs into the vertical air-chimney. Tho gate-road 
and air-head are carried forward in a parallel direction to the extent of the work, as 
before described in tho ordinary system; and ‘spouts’ or openings, c, are driven 
upwards to connect them, at about every lt5 j’ards — every spout being bricked up 
close, in succession, when a fresh one is made in advance, so as to make the current 
of air traverse the whole extent of tho gate-road before it rises up to the air-head and 
passes away to the air-chimney. 

In the ordinary system of ventilation, it is manifest that only a very slight deter- 
mining power compels the nir to travel constantly in tho same direction. Its current 
is, at all times, weak and insufficient, and liable to bo deranged by the action of tho 
wind, or atmospheric changes ; and it is under no commfind whatever. To ensure 
safety a constant current of air is indispensably necessary ; it should bo a current, too, 
maintained by natural causes, as far as possible, and never interrupted, for tho reasons 
already assigned ; and should be one that would not vary or fail. 

To effect this, tho ascending column of air must bo rendered specifically lighter 
than the air of tho descending column, which circulates through the workings ; and 
this difference of specific gravity must be maintained constantly free from disturbance 
by accidenbil causes, and to such an extent as to produce under all circiimstjinces 
a total amount of propelling power that is found sufficient for the complete ventilation 
of the mine. This is accomplished by conducting tho whole of the gas in a continuous 
Mseending column, free from interruption or disturbance, up tho separate air-chimney; 
and this ascending power is further increased by erecting a ventilating cliimney 
(shown by dots in the vertical section), of a sufficient lieight, on tho surface of the 
ground, into the base of thij air-chimney is continued so as to form one uninterrupted 
air-flue, from the top of the ventilating chimney down to tho air-head in the seam 
of coal. 

Ycntilatioii is nowhere exhibited to such advantage as in the coal-mines of 
Northumberland and Durham, where they have carried well nigh to systematic perfec- 
tion the plan of coursing tho air through the winding galleries. 

In Mr. Spedding’s system the whole of the. return air came in one current to his 
rarefying furnace (see letter c, fig. 2084), whether it was at the explosive point or not. 
This distribution was often fraught with such danger, that a torrent of water had to be 
kept in readiness, under the namoof ‘ tho waterfall,’ to he let down to extinguish the fire 
in a moment. Many explosions at that time occurred, from tho furnaces below, and 
also down through tubes from tho furnaces above ground. 

About tho year 1807 Mr. Buddie had his attention intensely occupied with this 
most important object, and then devised his plan of a divided current, carrying that 
portion of the air which, descending in the downcast pit a, coursed through the 
clean w^orkings, through the active furnace c, fig. 2084, and the portion of the air 
from the ./<??«/ workings up the dumb furnace d, till it reached a certain elevation in B, 
tile upcast pit, above the fireplace. Tho pitmen had a groat aversion, however, at first 
to adopt this plan, as they thought that the current of air by being split would 
lose its ventilating power; but they were ere long convinced by Mr. Buddie to tho 
contrary. He divided the main current into two separate streams, at the bottom of 
the pit A, as shown by darts in the figure ; the feather^ ones representing that part of 
tho pit in which the course of the current of air is free from explosive mixture, or 
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does not contain above one-thirtieth of carburettcd hydrogen, as indicated by its 
effect upon the flame of a candle. The naked darts denote the portions of the mine 
where tne air, being charged to the firing-point, is led off towards d, the dumb furnace, 
which communicates with the hot upcast shaft, out of reach of the flame, and thence 
derives its power of draught. By suitable alterations in the stoppings (see the various 
transverse lines, and tlie crosses) any portion of the workings may, by the agency of 
the furnace, be laid out of, or brought within, the course of the vitiated current, at 
the pleasure of the skilful mine-viewer ; so that, if ho found it necessary, he could 
confine, by proper arrangements of his furnace, all the vitiated currents to a mere gas- 
pipe or drift, and direct it wholly through the dumb furnace. During a practice of 
twenty years Mr. Buddie had not met with any accident in consequence of a defect in 
the stoppings preventing the complete division of the air. The engineer has it thus 
within his power to detach or insulate those portions of the mine in which there is a 
great exudation of gas, from the rest ; and, indeed, ho is continually making changes, 
borrowing and lending currents, so to speak ; sometimes laying one division or panel 
upon the one air-course, and sometimes upon the other, just to suit the immediate 
emergency. As soon as any district has ceased to bo dangerous, by the exhaustion 
of the gas-blowers, it is transferi-ed from the foul to the pure air-course, where gun- 
powder may be safely used, as also candles, instead of Davy’s lamps, which give less 
light. 

Till the cutting out of the pillars commences (see the right end of the diagram), 
the ventilation of the several passages, boards, &c., may be kept perfect, supposing 



the working, extending no farther than a or h ; because, as long as there are pillars 
standing, every passage may be converted into an air-conduit, for leading a current 
of air in any (lirection, either to c, the burning, or d, the dumb furnace. But the 
first pillar that is removed deranges the ventilation at that spot, and takes away 
the means of canning the air in the further recess towards c. In taking out the 
pillars, the miners always work to windward, that is to say, against the stream of 
air; so that whatever gas may be evolved shall bo immodiatoly carried off from the 
people at work. When a range of pillars has been removed, as at dj c,f, no power 
remains of dislodging the gas from the section of the mine beyond a, h ; and as the 
pillars are successively cut away to the left hand of the lino ah, h, the size of the goaJ\ 
or void, is increased. This vacuity, or goaf, is a true gas-holder, or reservoir, con- 
tinually discharging itself at the points g. A, «, into the circulating current, to be carried 
off by the gas-pipe drift at the dumb furnace, but not to be suffered ever to come in 
contact with flame of any description. The next range of working is the line of 
pillars to the left of a, 6 ; the coal having been entirely cleared out of tho space to the 
right, where the place of the pillars is marked by dotted lines. Tho roof in the 
waste soon falls down, and gets fractured up to the next seam of (;oal, which, abound- 
ing in sends it down in large quantities, and keeps the goaf below continually 
replenished. * 

Description of the Ventilating Fan at the Abercam CvlUcrks, — The late Mr. E. Eogers 
having occasion to ventilate the workings in some extensive and very fiery coal-seams 
won at Abercam in South Wales, under circumstances where tho furnace-ventilation 
could not be applied, came to the conclusion that a plan of machine proposed for the 
purpose by Mr. James Nasmyth would be the most suitable and effective. After con- 
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sultation with Mr. Nasmyth, it was resolved to test the principle and plan by actual 
practice ; and the ventilating fan described was erected at the Abercam Collieries. 

The general arrangements of the top of the shaft and the ventilating fan are shown 
in figs, 2086 and 2086. Fig. 2087 is a side elevation of the fan and engine, to a larger 
scale; and/^. 2086 a vertical section of the fan. 

The fan a a, fig. 2087, is 13 J feet diameter, with 8 vanes, each 3 feet 6 inches wide 
and 8 feet long. It is fixed on a horizontal shaft b, 8 feet 7 inches in length from 
centre to centre of its bearings, which are nine inches long by inches diameter. The 
vanes are of thin-plate iron, and carried by forked wrousht-iron arms secured to a centre 
disk c, fixed upon the shaft b. The fan works within a casing, n d, consisting of two 
fixed sides of thin wrought plate, entirely open round the circumference and connected 
together by stay-rods ; the sides are 3 inches clear from the edges of the vanes, and 
have a circular opening 6 feet diameter in the centre of each, from which rectanguhir 
wrought-iron trunks, e i’, are carried down for the entrance of the air, the bearings 



fortlu' fan-shaft n being fixed in the outer side of these trunks, which are strengthened 
for the purpose by vertical cast-iron standards f bolted to them, and resting upon the 
bottom foundation-stone «. 

The two air-trunks e e join together below the fiin, as shown in fig. 2085, and com* 
inunicate with the pit ii by means of a horizontal tunnel i, which enters the pit at 21 
iecit depth from the top. 

The fan is driven by a small direct-acting non-condensing engine x, which is fixed 
upon the face of one of the vertical cast-iron standards f, and is connected to a crank 
on the end of the fan-shaft b. The steam-cylinder is 12 inches diameter and 12 indies 
stroke, and is worked by steam from the boilers of the winding engine of the pit,, at a 
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prossure of about 13 lbs. per square inch. The excoutric l for the slide valve is 
placed just inside the air>trunk e, and works the valve through a short-weight shaft u, 
'aith a lever on the outside. 

The pit H, fig. 2086, is of an oval form, 10 feet by 18 feet, and divided near the 
centre by a timber brattice n, the one side forming the upcast shaft and the other the 
downcast, lloth of these are used for winding, and the cages o, in which the truchs, 



&c., are brought up, work between guides fixed to the timbering of tin; j'it. The 
pumps p are placed in the downcast shaft. 

In order to allow of the upciist shaft being used forw'inding, the top is closed by an 
air- valve k, which is formed by simply boarding up the underside of the ordinary 
guard upon the mouth of the shaft, leaving only the hole in the centre through wliicii 
the chain w'orks. This air-valvo r is carried up by the cage o on arriving at 

the top of the shaft, ns in ju], 
2085, and then drops down again 
flat upon the opening when the 
cage is again lowered. During 
the time tliat the valve is lifted, 
its plairc is occupied by the close 
bottom of the cixge o, which nearly 
fills the recbingular opening left 
at the top of the shaft. Dy this 
simple means it is found practi- 
cally tliat a complete provision is 
made for keeping the top of the 
upcast shaft closed, and main- 
t-Jiining a uniform current of air 
uj> the shaft ; for tlie leakage of air 
dowmwainls through the top whilst 
tJie cage is in the act of opening or 
closing the air-valve, and through 
the small area that alw'ays remains 
open, is found to be quite imma- 
terial, and the surjilus ventilating 
power of the fan is amply sufficient 
to provide against it. 

lu the original construction a 
more perfect air- valve was supposed 
to be requisite, and was provided by the inclined flaps s s, which are fixed just above 
the horizontal tunnel l These are fitted closely together, leaving only a small opening 
in the centre for the chain to pass tliroagh, and were intended to be opened by the 
ascending cage coming in contact with them, closing again directly by means of 
balance weights before the air- valve r at the top of the shaft was opened, so as to pre- 




VERDIGRIS 


1071 


serve a thorough closing of the top of the shaft. The flaps were to be opened again 
by a lover from the top to allow the cage to descend. However, it was found on trial 
that the valve k at the top was amply sufficient ; and consequently, although the 
other valves were also provided, they were never put into use. 

The toUil depth of the pit is nearly 300 yards, and at a depth of 120 yeirds a split 
of air is taken off, and coursed through workings from which coal and flre-clay are 
got ; the larger portion of the air descends to the bottom of the pit, and is there split 
into many courses, to work two separate seams of coal and a vein of ironstone. The 
total length of road laid with plates or rails in the workings is about 7 miles, and the 
working faces amount to nearly double that distance. The longest distance that is 
traversed by any single course or split of air in passing from the downcast to the 
upcast shaft is nearly 2 miles. The quantity of materials raised from the pit is about 
600 tons daily. 

The following Table gives the results of a series of experiments made with this 
ventilating fan by Mr. K. S. Roper, showing that the quantity of air delivered at the 
velocities of 60 and 80 revolutions of the fan per minute is 45,000 and 66,000 cubic 
foot per minute, with a velocity of current of 782 and 1,037 lineal foet per minute 
respectively, or about 9 and 12 miles per hour; and tho degree of vacuum or ex- 
haustion in the upcast shaft is -5 and *9 inch of water respectively. 


Si/9iopsis of Experiments on Fan Ventilation. 
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The speed at which tlie ventilating fan is usually worked is about 60 revolutions per 
minute, giving a velocity at tho circumference of tho fan of 2,545 feet per minute ; 
45,000 cubic feet of air per minute are then drawn through the mine, nearly one-third 
of which ventilates tho upper w’orkings, and the rest passes through the lower 
workings. 

The Guibal fan especially has been used in several collieries. 

Several modified forms of fan ventilation have been introduced, but tho principle 
involved is essentially tho same in all. 

VmtaiTTZirX. See Maddkr. 

VSRATUirB. (C«H“W20«). An alkaloid contained in white 

hellebore {Vcratruni alhmii), and in cevadilla (!'. SahadUla). It is exceedingly 
poisonous, and if introduced into the nostrils excites violent and prolonged sneezing. 
In the form of ointment it has been found a valuable remedy in neuralgic disorders. 

VBXBXGRXS. (Vert-cle-f/ris, hr.; Griinspan, Gcr.) The copper used in this 
manufacture is formed into round sheets, from 20 to 25 inches diameter, by one- 
twenty-fourth of an inch in thickness. Rich sheet is then divided into oblong squares, 
from 4 to 6 inches in length, by 3 broad ; and weighing about 4 ounces. They are 
separately beaten upon an anvil, to smooth their surfaces, to consolidate the metal, 
and to free it from scales. The refuse of the grapes, after the extraction of their 
juice, formerly thrown on to the dunghill, is now preserved for the purpose of making 
verdigris. It is put loosely into earthen vessels, which are usually 16 inches high, 
14 in diameter at tlie widest part, and about 12 at the mouth. The vessels are then 
covered with lids, which are surrounded by straw mats. In this situation the materials 
soon become heated, and exhale an acid odour ; tho fermentation beginning at t^ 
bottom of the cask, and gradually rising till it actuates the whole mass. At the end 
of tAvo or three days the manufacturer removes the fermenting materials into other 
vessels, in order to check the process, lest putrefaction should ensue. The copper- 
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plates, if new, are now prepared, by rubbing them over with a linen cloth, dipped in 
a solution of verdigris ; and they are laid up alongside of one another to dry If the 
plates are not subjected to this kind of preparation they will become black, instead of 
green, by the first operation. When the plates are ready, and the materials in a 
fermenting state, one of them is put into the earthen vessel for 24 hours, in order to 
ascertain whether it bo a proper period to proceed to the remaining part, of the process. 
If, at the end of this period, the plate be covered with an uniform green layer, con- 
cealing the whole copper, everything is right ; but if, on the contrary, liquid drops 
hang on the surface of the metal, the workmen say the plates are sweating^ and con- 
clude that the heat of the fermented mass has been inadequate ; on which account 
another day is allowed to pass before making a similar trial. When the materials 
are finally found to be ready, the strata are formed in the following manner : — The 
plates are laid on a horizontal wooden grating, fixed in the middle of a vat, on 
whose bottom a pan full of burning charcoal is placed, which heats them te such 
a degree that the women who manage this work are obliged to lay hold of them 
frequently with a cloth when they lift them out. They are in this state put into 
earthen vessels, in alternate strata with the fermented materials, the uppermost and 
undermost layers being composed of the expressed grapes. The vessels are covered 
with their straw mats, and left at rest. From 30 to 40 lbs. of copper are put into 
one vessel. 

At the end of 10, 12, 15, or 20 days the vessels are opened to ascertain, by the 
materials having become w'hitc, if the operation be completed. 

Detached gloss}^ crystals will be j)erceived on the sm^ico of the plates ; in which 
case the grapes are thrown away, and the plates are placed upright in a corner of the 
verdigris cellar, one against the other, upon pieces of wood laid on the ground. At 
the end of two or three days they are moistened by dipping in a vessel of water, after 
which they are replaced in their former situation, where they remain seven or eight 
days, and are then subjected to momentary immersion, as before. Tliis alternate 
moistening and exposure to air is performed six or eight times, at regular intervals 
of about a week. As these plates are sometimes dipped into damaged wine, the work- 
men term those immersions one wine, two wines, &c. 

By this treatment the plates sw'cll, become green, and covered with a stratum of 
verdigris, which is readily scraped off with a knife.. At each operation every vessel 
yields from 5 to 6 lbs. of verdigris, in a fresh or humid state; whicli is sold to 
wholesale dealers, who dry it for exportation. For this purpose they knead the 
paste in wooden troughs, and then transfer it to leathern bags, a foot and a half long 
and ten inches in diameter. These bags are exposed to the sun and air till the ver- 
digris has attained a sufficient degree of hardness. It loses about half its wuight in 
this operation ; and it is said to be knife-proof when this instrument, plunged tlirough 
the leathern bag, cannot penetrate the loaf of verdigris. 

Verdigris is a mixture of the crystallised acetate of copper and the siibacetato, in 
varying proportions. According to Vauquelin’s researches, there are tliree compounds 
of oxide of copper and acetic acid: 1, a subacetate, insoluble in w’uter, but decom- 
posing in that fluid, at common temperatures changing into peroxide and ncetate ; 
2, a neutral acetate, the solution of which is not nlt(;red at common temperatures, but 
is decomposed by ebullition, becoming peroxide and supc'raeetate ; and 3, superacetate, 
which in solution is not decomposed, either at common temjieratures or at the boiling 
point ; and which cannot be obtained in crystals, except by slow spontaneous evapora- 
tion, in air or in vacuo. The first salt, in the dry state, contains 66-51 of oxide*; the 
second, 44*44 ; and the third, 33*34. 

Distilled Verdigris, it was long erroneously called, is merely a /yzwflcc/rt/e or super- 
acetate of copper, made by dissolving, in a copper kettle, one part of verdigris in two 
of distilled -vunegar ; aiding the mutual action by slight heat and nictation with a w-oodon 
spatula. When the liquor has taken its utmost depth of colour, it is 'followed to settle, 
and the clear portion is decanted off into well-glazed earthen vessels. Fresh vinegar 
is poured on the residuum, and if its colour does not become deep enough, more 
veidigris is added. The clear and saturated solution is then slowly evaporated, in 
a vessel kept uniformly filled, till it acquires the consistency of syrup, and shows a 
pellicle on its surface ; when it is transferred into glazed earthen pans, called oidas in 
the countiy. In each of these dishes two or three sticks are placed, about a foot long, 
cleft till within two inches of their upper end, and having the base of the cleft kept 
asunder by a bit of wood. This kind of pyramid is suspended by its summit in the 
liquid. All these vessels are transported into crystallising rooms, moderately heated 
with a stove, and left in the same shite for 15 days, taking care to maiiihiin an uniform 
temperature. Thus are obtained very fine groups of crystals of acetate of copper, 
clustered round the wooden rods ; on which they are dried, taken off, and sent into 
the market. They are distinctly rhomboidal in form, and of a lively deep blue colour. 
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Each cluster of crystals weighs from five to six pounds ; and, in general, their total 
weight is equal to about one-third of the verdigris employed. 

VB&DZXrS. One of the aniline colours, prepared by M. Eusobi. 

VERDXTBSy or Bremen Green, This pigment is a light powder, having a blue 
or bluish-greon colour. The first is most esteemed. When worked up with oil or 
glue, it resists the air very well. 

The following is, according to M. J. G. Gontele, the process of fabrication in Bremeni 
Cassel, Eisenach, Minden, &c. : — 225 lbs. of sea salt, and 222 lbs. of blue vitriol, both 
free from iron, are mixed in the dry state, and then reduced between mill-stones with 
water to a thick homogeneous paste. 225 lbs. of plates of old copper are cut by 
scissors into bits of an inch square, then thrown and agitated in a wooden tub con- 
taining 2 lbs. of sulphuric acid, diluted with a sufficient quantity of water, for the 
purpose of separating tho impurities ; they are aftcru'ards washed with pure water 
in casks made to revolve upon their axes. The bits of copper being placed in oxidation- 
clu^sts, along with tho magma of common salt and blue vitriol previously prepared in 
stratii of half an inch thick, they are left for some time to their mutual reaction. Tho 
above chests are made of oakeii planks joined without iron nails, and set aside in a 
cellar, or otlier place of moderate temperature. The salino mixture, which is partially 
converted into sulphate of soda and chloride of copper, absorbs oxygen from tho air, 
whereby tho metallic copper passes into a hydrated oxide, with a rapidity propor- 
tioned to the extent of the surfaces exposed to tho atmosphere. During the three 
montlis that the process requires, the whole mass must be turned over once every 
w'ook, with a copper shovel, transferiar.g it into an empty chest alongside, and then 
back into the former one. At the end of three montJis tho corroded copper scales 
must be picked out, and the saline particles separated from the slimy oxide with the 
help of as little water as possible. This oxidised ScJuilmm or mud is filtered, then 
thrown by means of a bucket containing ilO lbs., in a tub, where it is carefully 
divided or comminuted. Eor every six pailfuls of schaimm thus thrown into the large 
tub, 12 lbs. of muriatic acid, at 15° Boaume, are to be added ; the mixture is to 
be stirred, and then left at rest for twenty-four or thirty-six hours. Into another 
tub, called the ‘ blue black,’ there is to he introduced, in like manner, for every six 
pailfuls of tho acidified schaimm, fifteen similar pailfuls of a solution of colourless 
clear caustic alkali, at 19° Beaurae. When the back lias remained long enough at 
rest, there is to be ^lourod into it a pailful of pure water for every pailful of schaimm. 
When all is thus prepared, the set of workmen who are to (.‘iiipty tho back, and 
tlioso who are to stir, must bo placed alongside of each. The first set transfer tho 
schaimm rapidly into tho latter back, where the second set mix and agitate it all the 
time requisite to convert the mass into a consistent state, and then leave it at rest 
from thirty-six to forty-eight hours. The whole mass is to be now washed ; with 
which view it is to bo stirred about with the affusion of waiter, allowed to settle, and 
the supernatant liquor is drawn off. This process is to be repeated till no more traces 
of potash remain among the blue. The deposit must be then thrown upon a filter, 
where it is to bo kept moist, and exposed freely to the air. Tho pigment is now 
squeezed in the filter-hags, cut into bits, and drietl in tho atmosphere, or at a tem- 
perature not exceeding 78° Fuhr. It is only lifter tho most complete desiccation that 
the colour mrquires its greatest lustre. 

VSRDXTSR, BXiUB. This is a precipitate of oxide of copper with lime, made 
by adding that earth, in its purest state, to the solution of nitrate of copper, obtained 
in quantities by the refiners, in parting gold and silver from copper by nitric acid. 
The cupreous precipitate must ho triturated with lime, after it is nearly dry, to bring 
out the fine velvety blue coloiu*. The process is delicate. 

Tho Cendres blciies cn fate of the French, though analogous, are in some respects a 
different preparation. To make it, dissolve sulphate of copper in hot water, in such 
proportions that tho liquid may have a density of 1-3. Take 240 pound measures of 
this solution, and divide it equally into four open-headed casks ; add to each of these 
45 pound measures of a boiling-hot solution of muriate of lime, of spec. grav. 
1*317, whereby a double decomposition will ensue, with tho formation of muriate of 
copper and sulphate of lime, which precipitates. It is of consequence to work the 
materials well together at the moment of mixture, to prevent the precipitate agglome* 
rating in unequal masses. After leaving it to settle for 12 hours, a small quantity of 
the clear liquor may be examined, to see whether the just proportions of the two salts 
have been employed, which is done by adding either sulphate of copper or muriate of 
lime. Should either cause much precipitation, some of the other must be poured in 
till the equivalent decomposition be accomplislied ; though less harm results from an 
excess of sulphate of copper than of muriate of lime. 

Tho muriate of copper is to be decanted from the subsided gypsum, which must 
be drained and washed in a filter; and these blue hquora are to be added to the 
VoLi UL 3 Z 
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stafonger ; and the whole distributed as before, into four casks ; composing in all 670 
pound measures of a green liquor, of 1*161 spec. grav. 

Meanwhile, a magma of lime is to be prepared as follows : — 100 lbs. of quicklime 
are to be mixed up with 300 lbs. of water, and the mixture is to be passed through a 
wire-gauze sieve, to separate the stony and sandy particles, and then to bo ground in 
a proper mill to an impalpable paste. About 70 or 80 lbs. of this mixture (the beauty 
of the colour is inversely as the quantity of lime) arc to bo distributed in equal por- 
tions between the four casks, strongly stin*ing all the time with a wooden spatula. It 
is then left to settle, and the limpid liquor is tested by ammonia, which ought to occa- 
sion only a faint blue tinge : but if the colour be deep blue, more of the limo-]Dasto 
must be added. The precipitate is now to be washed by deciintation, employing for 
this purpose the weak washings of a former operation ; and it is lastly to be drained 
and washed on a cloth filter. The proportions of material prescribed above furnish 
from 500 to 640 lbs. of green paste. 

Before making further use of this paste, the quantity of water present in it must bo 
determined by drying 100 or 200 grains. If it contain 27 per cent, of dry matter, 12 
lbs. of it may bo put into a wooden bucket (and more or less in the ratio of 12 to 27 
per cent.) capable of containing 17.] pints; a pound (measure) of the lime-paste is 
then to be rapidly mixed into it ; immediately afterwards, pint of a watery solution 
of the pcarlash of commerce, of spec. grav. IT 14, previously prepared ; and the whole 
mixture is to be well stirred, and immediately transferred to a colour-mill. The 
quicker this is done, the more beiiutiful is the shade. 

VmJirZCi:. ( rTr/w.v, Fr. ; Agresi, Gor.) A harsh kind of vinegar, containing 
much malic acid, made from the expressed juice of tlie wild crab apple. 

VZSKMZCSXiXiZ, a paste of wheat-flour, drawn out and dried in slender cylinders, 
more or less tortuous, like worms— whence the Italian name. The flour of Southern 
countri(?s is best suited for its manufacture. 

It may bo made economically by the following prescription : — 


Vermicelli, or Naples flour 21 lbs. 

White potato-flour 14 

Boiling- water 12 


Total 47 lbs. 


Aflfording 45 lbs. of dough and 30 of dry vermicelli. 

VB&MZCUXZTB8. A group of minerals resembling the chlorites, remarkable 
for their exfoliation before the blowpipe. 

VZUmKlUOlTv or Cinnabar, is a compound of mercury and suljdiiir in tlie pro- 
portion of 100 parts of tlie former to 16 of the latter, which occurs in nature as a 
common ore of quicksilver, and is prepared ly the cheniist as a j)igm(!nt. nndi'r the 
name of Vermilion. It is, properly sjieaking, a bisulphide of mercury. This arlili- 
cial compound being extensively employed, on account of the beauty of its colour, in 
painting, for making red scaling-waix, and other puri>o.ses, is the object of an import- 
ant manufacture. AVhe.n vermilion is prepared by moans of subliiuation, it concretes 
in masses of considerable thickness, coucavo on one side, convex on the other, of a 
needlt-form texture ; browmish-red in the lump, but when reduced to powder it is of 
a lively red colour. On exposure to a moderate heat, it evaporates witliout leaving a 
residuum, if it be not contaminated witli red lead ; and at a higher heat, it lakes lire, 
and burns entirely aw’ay, w'ith a blue flame. 

The English vermilion is now most highly prized by the French manufacturers of 
sealing-wax. 

The Jiuniid process of Kirchhoff has of late years been so much improved, as to 
furnish a vermilion quite equal in brilliancy to the Cliinese. TJie following process 
has been recommended : — Mercury* is triturated for several hours w'ith sulphur, in the 
cold, till a perfect ethiops is formed ; potush-lye is then added, and tlie trituration is 
continued for some time. The mixture is now heated in iron vessels, with constant 
stirring at first, but afterwards only from time to time. The temperature must bo 
kept up as steadily as possible at 130° Fahr., adding fresh supplies of water as it 
evaporates. When the mixture, which was black, becomes, at the end of some hours, 
brown-red, the greatest caution is requisite to prevent the temperature from being 
raised above 1 14°, and to preserve the mixture quite liquid, w*hile the compound of 
sulphur and mercury sliould always be pulverulent. The colour becomes rod, and 
brightens in its hue, often with surprising rapidity. When the tint is nearly fine, 
the process should be continued at a gentler heat, during some hours. Finally, the 
vermilion is to be elutriated, in order to separate any particles of running mercury. 
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The three ingredients should be very pure. The proportion of product varies with 
that of the constituents, as we see from the following results of experiments, in which 
300 parts of mercury were always employed, and from 400 to 450 of water ; — 


Snli^hur 

Potash 

Vermilion 

obtained 

Sulphur 

Potash 

Vermilion 

obtained 

114 , 

. 75 . 

. 330 

120 . 

. 180 . 

. 245 

115 . 

. 75 . 

. 331 

100 . 

, 180 . 

. 244 

120 . 

. 120 . 

. 321 

60 . 

, 180 , 

. 142 

150 . 

. 152 . 

. 382 





VZSRT BB OtriGlTET. See Mittleii's Green. 

VlCinriL or VZCUGiril. Llama vicugna, A variety of the Llama of South 
America. 

VZKB BZiACX. A black procured by charring the tendrils of the vine and 
levigating them. 

VIWE BZSEASE. Gidiimi Tuckeri, The disease which has recently ravished 
the vines of tlie South of Franco is attributed to tho Phylloxera vastatrix. See Wines. 

VZHTEGAR. All liquids which are susceptible of tlio vinous fermentation are 
capable of yielding vinegar. A solution of sugar is the essential ingredient, which is 
converted first into alcohol, and subsequently into acetic acid. Tho liquids employed 
vary according to circumstances. In this country tho vinegar of commerce is obtained 
from an infusion of malt, and in wine countries from inferior wines. 

The oxidaliou of alcohol is remarkably facilitated by the presence of nitrogenised 
organic bodies in a state of change, called ferments ; hence the process is frequently 
termed acetous fenmntation. Now, although in most cases the presence of these fer- 
ments curiously promotes tlio process, yet they have no specific action of this kind ; for 
"WO have already seen that, by exposure to air in a eondensed state, alcohol, oven when 
pure, is converted into acetic acid; and, moreover, the action of oxidising agents, such 
as chromic and nitric acid, &e., is caj)ablo of effectiug this change. 

However, in the presence of a ferment, with a free supply of air, and at a tem- 
perature of from 60° to 90® Fahr., alcohol is abundantly converted into acetic 
acid. 

At tho same time that the alcohol is converted into acetic acid, tho nitrogenised and 
other organic mutters undergo peculiar changes, and often a white gelatinous mass is 
deposited, — which contains vil/riones and other <)f the lower forms of organised beings, — 
and which has received the name of mother of vinegar,'^ from the supposition that the 
formation and development of this body, instead of being a secondary result of the 
process, was really its exciting cause. 

1. AVixe Vinegar. ( Vinaigre^ Fr. ; IVeincssig, Ger.) Wine vinegar is made of the 
best qualit}^ and on the greatest scale, at Orleans in Franco, out of wines which have 
become more or less acidulous, and are, therefore, of inferior value. When the 
vinegar is made from well-flavoured wines, it is preferable to every other for tho use 
of the tiiblo. Tho old method pursued in the vinatgrerics consists merely in partially 
filling a series of large casks placed in three or four ranges over each othe^r, in a 
cellar warmed w'ith a stove to tho temperature of 85° Fahr., with the wine mixed with 
a certain proportion of ready-niade vinegar as a ferment. Low-roofed apartments are 
the most suibiblo ; when there is a high ceiling it is necessary to elevate the ‘ mothers,’ 
in order tliat tliey iiuiy occupy the higher strabi of warm air. This trouble is dis- 
pensed with when the roofs are low. Experience has proved that in high-roofed 
apartments, w'here the tuns are placed at different levels, the uppermost work off 
quicker and better than tho others. More wine is added, in successive small portions, 
as fast as tho first has become acetified, taking care that a free ventilation be main- 
tained, in order to ropluco the carbonic acid produced by fresh atmospheric oxygen. 
In summer, under a favourable exposure of tho windows and walls of the fermenting 
room to tho sun, artificial lieat is not needed. Each cask is of about 60 gallons’ capa- 
city, and into eacli cask of tho set is poured -Jrdits capacity of vinegar, to which 2 galls, 
of wine are added, and weekly, afterwards, 2 galls, more. About 8 galls.^ are dirawn 
off at the end of four weeks as vinegar, and then successive additions of winearemade 
as before to tho casks. These are laid horizontally in rows upon their gawntrees, and 
are pierced at tho upper surface of the front end with two holes ; one, called the eye, is 
two iuclios in diameter, and serves for pouring in the cliarges through a funnel; the 
other is a small air-hole alongside. The casks should never be more frds fall, 
otherwise a sufficient body of air is not present in them for favouring rapid acetificatiem. 
At tho end of a certain peri^, the deposit of tartar and lees becomes so great that the 

* This substance has been supposed by some to be a fungus, and has been described by Uulder 
under the name of Mycoderma aceti, or vini, 

8z2 
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casks must be cleared out. This renovation usually tikes place every 10 years; but 
the casks, when made of well-seasoned oak and bound with iron hoops, will last 25 
years. The wine, as well the vinegar produced, should be clarified by being slowly 
filtered through beech-chips, closely packed in a large open tun. When wines are now', 
and somewhat saccharine or too alcoholic, they acetify reluctantly, and need the addi- 
tion of a little yeast, or even water, to the mixture ; and when they are too weak, they 
should be enriched by the addition of some sugar or stronger wine, so as to bring thorn 
to a uniform st^to for pr.oduci pg vinegfvr of normal strength. To favour the renewal 
of fresh air into the upper part of the hogsheads, it w'ould be advisable to pierce a 
two-inch hole near to the upper level of the liquid when the cask is fullest, by which 
means the heavy carbonic acid would fall out, and bo replaced by the atmospheric air 
at the superior apertures. 

AVino vinegar is of two kinds, w/fi/c and red, according as it is prepared frorn while 
or red wine. White wine vinegar is usually preferred, and that made at Orleans is 
regarded as the best. 

Dr. Ure found its average specific gravity to bo 1‘019, and to contain from 6^ to 7 
per cent, of real acid ; according to the Edinburgh Pharmacopeia, its specific gravity 
varies from 1 '014 to 1 022. 

2. Malt Vinegau. {British Vinegar', in Germany called Malz-Getrcidc’- ov Bier- 
essig.) In England vinegar is cliiefly made from an infusion of malt, by first ex- 
citing in it the alcoholic formentation, and subsequently inducing the oxidation of the 
alcohol into acetic acid. 

For details of the processes of malting and brewing the alcoholic liquor, we must 
refer to the special articles on these subjects, confining our attention hero more es- 
pecially to the latter stages of the operation. 

From 6 bushels of malt, properly crushed, 100 gallons of wort may bo extracted 
by duo mashing, the first water of infusion being of the temperature of 160° Falir., 
and the next two progressively hotter, for exliausting the soluble saccharine matter. 
AA^’lien the wort is cooled to 75°, from 3 to 4 gallons of good yeast are stirred into it in 
the fermenting tun, and when it has been in brisk fermenhition for about 40 hours, 
it is ready for transference into tlio vessels in whieli t]»e acetificatiou is to l)e accom- 
plished. 

The transformation of the formentOil w'ort into vinegar W’as formerly effected in two 
ways, which were entirely oftposito in their manner of operation. In one case tlie 
casks containing the fermented malt infusion (or gi/le) wore jdacod in eloso rooms, 
maintained at a uniform temperature, as already described in tlie preparation of wine 
vinegar ; in the other, they w’cre arranged in rows in an open field, where they re- 
mained many months. As regards the convenience and interests of the manufacturer, 
it appears that each method had its respective advantages, but both are now almost 
entirely abandoned for the more modern processes to be described : a short notice of 
the fielding process is, however, retained. 

hen fielding is resorted to, it must be commenced in the spring months, and tlien 
left to complete itself during the warm season. TJie fielding method requires a 
much larger extent of space and utensils than the Moving process. The casks are 
placed in several parallel tiers, with their bung-side upwards and left open. Eenoatli 
some of the paths which separate the rows of casks are pipes communicating with 
the ‘ hack ’ at the top of the brewliouso ; and in the centre of each is a valve, 
opening into a concealed pipe. When the casks are about to be filled, a fl(‘xiMo 
hose is screwed on to tliis opening, the other end being inserted into the bung-bole 
of the cask, and the liquor in the * gyle hack' at the brewhouse, by its hydrostatic 
pressure flows through the underlying pipe and hoso into the cask. The hose is 
BO long as to admit of reaching all the casks in the same row, and is guided by a 
workman. 

After some months the vinegar is made, and is drawn off by the following 
operation : — A long trough or sluice is laid by the side of one of the rows of casks, 
into which the vinegar is transferred by means of a syphon, whose shorter limb is 
inserted into the bung-hole of the cask. The trough inclines a little from one end to 
the other, and its lower end rests on u kind of travelling tank or cistern, w'horein the 
vinegar from several casks is collected. A hoso descends from the tank to the open 
valve of the underground pipe, which terminates in one of the buildings or stores, and, 
by the agency of a steam-boiler and machineiy, the pipe is exhausted of its air, 
and this causes the vinegar to flow through the hose into the valve of tiie pipe, and 
thence into the factory buildings. By this arrangement the whole of the vinegar is 
^edily drawn off. From the storehouse, where the vinegar is received, it is pumped 
into the refining or rape vessels. 

These rape vessels are generally filled with the stalks and skins of grapes or raisins 
(the refuse of the British win© manufacture is generally used), and the liquor being 



VINEGAE 


1077 


admitted at the top, is allowed slowly to filter through thela ; after passing through, 
it is pumped up again to the top, and this process is repeated until the acetification is 
complete. Sometimes wood-shavings, straw, or spent tan, are substituted for the 
grapes refuse, but the latter is generally preferred. 

By this process, not only is tlio oxidation of the alcohol completed, but coagulable 
nitrogenous and mucilaginous matter is separated, and thus the vinegar rendered 
bright. It is finally pumped into store vats, where it is kept until put into casks for 
sale. 

3. Sugar, Cider, Fruit, and Beet Vinegars. An excellent vinegar may bo made 
for domestic purposes by adding, to a syrup consisting of one pound and a quarter of 
sugar for every gallon of water, a quarter of a pint of good yeast. The liquor being 
maintained at a heat of from 75^’ to 80° Falir., acetificatiou will proceed so well that 
in 2 or 3 days it may bo racked off from the sediment into the ripening cask, where 
it is to bo mixed with 1 oz. of cream of tartar and 1 oz. of crushed raisins. When 
completely freed from the sweet taste, it should be drawn off clear into bottles, and 
closely corked up. The juices of currauts, gooseberries, and many other indigenous 
fruits, may be acetified either alone or in coifibination with syrup. Vinegar made by 
the above process from sugar should have fully the Eevenuo strength. It will keep 
much better than malt \nnegar, on account of the absence of gluten, and at the 
present low price of sugar will not cost more, when fined upon boech-chips, than Is. 
per gallon. 

The sugar-solution may likewise be replaced by honey, cider, or any other alcoholic 
or saccharine liquid. An endless number of iircseriptions exist, of which the following 
example may suffice: — 100 parts of water to 13 of brandy, 4 of honey, and 1 
of tartar. 

Messrs. Neale and Diiyck, of London, patented a process, in 1841, for the manu- 
facture of vinegar from hcet-root. 

The saccharine juice is pressed out of the beet, previously rasped to a pulp, then 
mixed with water and boiled; this solution is fermented with yeast, and finally 
acetified in the usual way, the process being accelerated by blowing air up through 
the liquid, which is placed in a cylindrical vessel with fine holes tit the bottom. 

In some factoriiis largo quantities of sour ale and beer are converted into vinegar; 
but it is usually of an inferior quantity, in consequence of being liable to further 
fermentation. 

J)r. Stenhouso has shown that when sea-wced is subjected to fermentation, at a 
temperature of 9G° Falir., in the presence of lime, acetate of lime is formed, from which 
acetic acid maybe liberated by the pnxjcsses described under the head of Pyroligneous 
Acid. Although such largo quantities ofsea-wced are found on all our coasts, it does 
not yet appear that it has hitherto been utilised in this way, although it would 
still be, to a certain extent, valuable as manure after having been subjected to this 
process. 

4. The German or Quick-Vinegar Process. (Schnellcssigbcreitung, Ger.) — In 
the manufacture of vinegar it is highly important that as free a supply of air should 
be admitted to the liquid as possible, since if the oxidation take place but slowly, 
a considerable loss may be sustained from much of the alcohol, instead of being 
completely oxidised to acetic acid, being only converted into aldehyde, which, on 
account of its volatility passes ofif in the state of vapour. This is secured in the 
German process by greatly enlarging the surface exposed to the air ; which, however, 
not only diminishes or prevents the formation of aldehyde, but also greatly curtails 
the time necessary for the whole process. In fact, when this method was first intro- 
duced, from tho supply of air being insufficient, very great loss was sustained from 
this cause, which was, however, easily remedied by increasing the number of air-holes 
ill the apparatus. 

This quick-vinegar process consists in passing the fermented liquor (which generally 
contains about 50 gallons of brandy of 60 per cent., and 37 gallons of beer or malt- 
wort, with xi^Tuth of ferment), two or three times through an apparatus called the 
Vinegar Generator (Essigbilder). 

This apparatus consists of an oaken tub (fg. 2088), narrower at tho bottom than at th» 
top, furnished with a loose lid a, with a funnel, through which the liquids for charging' 
the graduator are supplied ; below this is a perforated shelf, b, having a number of smaU 
holes, loosely filled with packthread, about six inches long, and prevented from falling 
through by a knot at the upper end. Through this lid there likewise pass some glass 
tubes, open at both ends, c, which, having their apertures above and below the dxelf, 
act as air-vents. At a distance of about eighteen inches from the bottom is placed 
another perforated diaphragm, at d ; and two inches above this the tub is p^crorated 
with eight or ten equidistant holes, e e, an inch to an inch and a half in diameteri 
which serve to admit atmospheric air* The space f, between the diaphragm and the 
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perforated lid, is filled with shavings of beechwood ; by porcolaling through which, the 
solution is exposed, over a very considerable surface, to the oxidising iiifiucnce of the 

air, which passes in a current upwards through 
the apparatus. One inch above the bottom is 
a syplion-shfiped discharge pipe o, the upper 
curvature of which stands one inch below the 
air-holes in the side of tlie tub ; so that when 
the liquid in the bottom of the generator, 
which has passed through the shavings, collects 
up to this level, it runs olF into any vessel 
placed beneath to receive it. 

The analogy between acetification and ordi- 
nary processes of decay, and even combustion, 
is well seen in this process; for, as the oxida- 
tion proceeds, the temperature of the liquid 
rises to 100° or even 101° Fahr. ; but if the 
teraperaturo generated ly the process itself bo 
not sufficient, the temperature of tlic rooms in 
which the tuns are phiced should bo artificially 
raised. 

By this mothed 150 gallons of vinegar can 
bo manufactured daily in ten tuns, which one 
man can superintend ; and the vinegar, in 
purity and clearness, resembles distilled vinegar. 

It is better to avoid using liquors containing much suspended mucilaginous matter, 
which, collecting on the chips, quickly chokes up the apparatus, and not only impedes 
the process, but contaminates the product. 

The chips and shavings may with advantage be replaced by clinrcoal in fragments, 
which, by the oxygen it conUiins condensed in its pores, still further accolerat-es the 
process. The charcoal would of course require ro-igniting trom time to time. 

Processes for the rapid formation of vinegar have likewise been adopted in this 
country-. So long ago ns the year 1824, Mr. Ham obUi,ined a pitcnt for the following 
method, which is still in operation at several W'orks : — 

The apparatus consists of a large vat., in the centre of which is plaecal a revolving 
pump, having two or more shoots pierced with holes, so as to cause a constant shower 
of wash — fermented wort — to descend. The lower part of the vat is cliargcid with 
wash, the upper part witli birch-twigs, piled as high as possible, but without inter- 
fering with the revolution of the shoots. BetAvecn tin* surface of the wasli and tlio 
joist wliicli supports the birch -twigs, a space of three or four indies is uiioeciqiied, and 
holes are perforated in it, to admit a current of air, either from theatmo.splu're or from 
a blowing apparatus. 

If the wash be maintained at a temperature of from 90 to 100° Fahr., and the supply 
of liquid duly proportioned to the mass of the twigs, a charge is generally acetified 
in about a fortnight. The acetification can of course be arrested at any moment, and 
the current of air increased or diminished at will. 

Generally in England much larger tuns are used than in Germany, the larger mass 
of matter thus undergoing oxidation generating so much heat that no artificial eleva- 
tion of temperature i.s required ; and in consequence of the promotion of the process in 
this way, one of the.se largo tuns, fifteen feet wide at the bottom, fourteen at the top, 
and thirteen high, turns out as much vinegar as in Germany is obtained from six tubs 
eighteen feet high and four feet wide. 

By the quick process of Ham, when the fermentation is finished, the greatest 
care ought to be taken that all access of air is excluded from the w'ash, and that its 
temperature bo reduced to, and maintained at, a heat below the jioint wlmre acetifica- 
tion commences. Those w'ho, like Messrs. Hill, Evans, and Co., of Worcester, atUich 
great importance to the fabrication of the best-keeping vinegars, are in the habit of 
filtering the fermented w'ash, and also of storing it away for many months in a cool 
situation ere it is passed through the acetifier ; and there cannot be a moment's doubt 
concerning tlie great value of this practice, not only ns regards the apjiearanco and 
flavour of the resulting vinegar, but also in respect to its dietetic and sanitary pro- 
perties. 

All recently-fermented wash contains a quantity of partially-decomposed gluten, 
some of which is mechanically suspended merely, but by far the larger portion exists 
in a state of solution through the agency of carbonic acid gas. 

A filter will remove the former, but time alone can dissipate the carbonic acid, and 
lead to the deposition of the soluble gluten. At all events, time is the only available 
remedy, for Umugh heat would expel the carbonic acid, yet it w'ould at the same time 
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drive off the alcohol ; and agitation in contact air, though removed the carbonio 
acid, would tend to the formo tion of acetic acid, by which the gluten would be kept in 
solution more decidedly than before, and thus lefid to the production of ft turbid, ropy, 
and impure vinegar, extremely liable to decompose and undergo the putrefactive 
fermentation. iL is obvious, therefore, that the theoretical conditions needed in the 
treatment of fermented wort by the vinegar-maker are precisely those which we have 
shown to be in use at Worcester. That is to say, the gluten, when insoluble, should 
bo removed by a filter, and when held in solution by carbonic acid gas, this must be 
slowly expelled by keeping at a temperature too low for acetification to take place, 
a nd which may bo assumed a t less than 55° Fahr. Fermented wort stored away at this 
temperature for six months will flow to the acetifier perfectly limpid and bright ; it 
will cause no deposition of gluten upon the birch-twigs, and thus secure complete oxida- 
tion ; it will rapidly take on the grateful flavour of ac(itic ether, and never become 
Uiinted by the formation of tliat noxious product aldehyde, which so frequently con- 
taminates ill-made -vnnegar. 

Presuming, how’evor, tliat all the necessary precautions with respect to care in 
washing, fermenting, and keeping the wort, have been attended to, we may now pass 
on t/) the acetifier, that is to say. Ham’s acetifier. 

This is a wooden vat or vessel (fys. 2089, 2090) about 12 feet in height and from 
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7 to 8 feet in diameter, closed at top and bottom, except at the opening for the introduc- 
tion of the wash and the exit of the vinegar. The sides are perforated by a few small 
holes for the admission of air, and within are three flours or partitions perforated with 
numerous holes for the passage of the wash through them. Upon those floors are laid 
bundles of birch-twigs, to favour the dispersion and di’\dsion of the fluid which passes 
through the acetifier, and is thus brought into the most immediate contact with the 
oxygon contained in the vessel, or admitted through the openings in its sides. The 
fluid or wash is admitted at the top of the acetifier, and suffered to trickle slowly 
through the masses of birch-twigs and through the partitions, thus causing a 
rapid absorption of oxygen, and consequent production of vinegar, which with any 
uiideconiposed wash flows out at the bottom of tlio vessel, and is again pumped up to 
the top, and so on until the process is finished. If we examine the circumstances 
connected with the formation of vinegar in this way, we shall perceive that it is a 
case of partial combustion, or, iii other wmrds, an example in which an organic com- 
pound undergoes oxidation at a temperature and under conditions which prevent tha 
completion of the change. 

Every oue must have observed tliat when common coals are thrown upon a fire, a 
volatile portion immediately bursts into flame, while copious particles of soot or caxl^n 
are thrown off unburnt ; though of the other constituent of the coal, that is to say, the 
hydrogen gas, no particle escapes unoxidised. This arises from the fiact, that, 6Xce|^ 
at very high temperatures, hydrogen has a greater aflinity for oxygen than carbon 
has ; consequently, as the supply of oxygen from atmospheric air m the immediate 
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neighbourhood is limited, the hydrogen seizes upon its equivalent to the exclusion of 
the carbon, TThich, therefore, remains, and constitutes soot. Exactly in the same way 
the hydrogen of the alcohol in the wash oxidises to the exclusion of the carbon, and 
vinegar is formed from the remaining or carbonaceous clement, which becomes itself 
slightly oxidised. 

From this explanation it follows that, as the oxidation of the hydrogen generates 
heat, there ought to be a very appreciable rise in the temperature during the pas- 
sage of the wort through the acetifier. And, in practice, this is found to be the 
case ; so that precautions are needed to prevent the heat from rising so high as to 
vaporise the remaining alcohol of tlie wash. I'he temperature souglit to ho oh* 
tjiinod is about 90° to 92° Fnhr., at which oxidation goes on freely, and the loss of 
alcohol is moderate. In using the word ‘moderate,’ wo speak practically rather than 
chemically: for, in reality, tlio loss is rer}' serious with strong worts. From practical 
results, conducted W'ith more than ordinary care, it lias been ascertained that about 
one-third of all the extractiA’c matter of the malt and grain is lost or dissipated during 
the processes of fermentation and acetification. Thus, a w'ort having a specific gravity 
of l‘()72, or, in technical language, weighing aliout 26 lbs. per barrel, affords vinegar 
containing 5*4 per cent, of pure acetic acid, and a residuary cxtPict of 10 lbs. from 
36 gallons. The former of these would indicate 35 lbs. of sugar or 13*7 lbs. per 
barrel of gravity ; whilst the latter shows 3*8 lbs. per barrel ; the two united being 
onl}’^ 17*5 lbs. instead of 26, the original w'cight. The los.*;, therefore, has beem 8*5 lbs., 
or from a specific gravity of T072 to loss than 1*050. This prodigious destruction of 
extract seems to imply that great improvements may yet take place in the manufacturo 
of ^^negar. 

The manufacture of vinegar, by Ham’s process, is an extremely interesting opera- 
tion, and, -when conducted with proper care, furnishes results of the most satisfactory 
and uniform clmmctor. These, how*ever, are not to bo obtained without a vast 
amount of expr-rience and the most vigilant attention on the part of the manufacturer. 
Thus a difference in the water, in the malt, in tlie motlc of washing, in the cooling of 
the wort, or in the fermentation of the wort, will each give rise to modifications in 
the acetifying process which no suljsequont skill or labour can rectify. There 
seems no doubt that the most important points in Ham’s method are the cooling 
and fermentation of the wort ; though, wliere perfection is sought for, no one of 
the other conditions ciin be omitted or neglected with impunity. Wo shall, therefore', 
proceed to treat of these conditiops arriatim, ratlier than in the order of tlicir import- 
ance. At first sight it might bo supposed tliat tJie piircT tluj water tlio b('U('r ; that is 
to say, tlie less the amount of earthy or saline constituents, lh(^ moro valuable the 
water would be for making vinegar. Experience, however, teaches us the contrary ; 
and science confirms the truth of tins teaching, by pointing out tln^ real nature of tlie 
openition. AVhon pure w*atcr is made to act at a liigli temperature upon the ordinary 
ingredients of a vinegar-makers masli-tun, it is not alone the sugar, gum, and stareli 
of the grain \vliic.li enters into solution, for, under such circumstances, the gluten is 
also dissolved ; but tliis gluten is composed of vegetable albumen and vegetable 
gelatine, the former of whicli, as is wdl known, i.s ca]able of being decomposed and 
precipitated by many earthy and metallic .salts, of wliich the suljdiate lime is one. 
If, therefore, this salt exists in the \i’at('r employed for the fabrication of vim^gar, or of 
ale or beer, the wort will contain little or no vegetable albumen ; consequent!}*, the 
vinegar or beer made with such water never becomes cloudy or ropy, as happens 
when pure water is used, for these defects arise from an excess of albuminous 
matter. The water used for making the cele]»nitod Eurton ah^ contains a great deal 
of sulphate of lime ; and tlie spring-w^atcr of Worec.st.er, wliich is (.'mploYcd by the 
extensive firm of Hill, Evans, and Co., in that city, vinegar-makers, contains aiso a 
very large amount of sulphate of lime, and no doubt contributes much towards 
maintaining the well-established rc^putation of that firm. Whenever, therefore, much 
sulphate of lime exists in water, without the presence of any noxious iugrediimt, such 
water may always be relied upon as favourable for the production cf good beer and 
vinegar. 

As regards the malt, or rather the mixture of malt and grain, employed for the pro- 
duction of wort, the common Scotch di.stillers’ formula is the best, containing, as it 
always does, a considerable percentage of oats, for the long husk of the oat greatly 
facilitates the operation of draining, and thus secures the thorough separation of the 
wort from the spent grains. 

In practice it is found necessary to ferment only two ^avitics, a high and a low, 
all the other qualities of vinegar being made by mixing or diluting those after 
acetification. The most common, and unquestionably the. best, gravity for fermenta- 
tion is that which in technical language weighs about 20 lbs., or has a specific gravity 
of 1*056; the other, or that intended for strong or proof vinegar, being of specific 
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gravity 1*072: this latter affords a vinegar containing about per cent of anhydrous 
acetic acid. 

In every instance the fermentation must be carried to its utmost limit, or to eero at 
least ; and in cooling the wort prior to fermentation, great care must be used to pre- 
vent the accession of the acetous fermonUition before the yeast is added ; for if this 
happens to any considerable extent, the nitrogenisod matter of the yeast is then per- 
manently retained in solution by the acetic acid, and this may give rise to the incon- 
venience Ciilled the ‘ mother.’ To secure a perfect vinegar by Ham’s process, os much 
attention is required during the cooling and fermentation us for the finest ale ; and this 
axiom ciinnot bo too strongly inculcated into the minds of vinegar-makers. The heat 
of the femientirigtun should not exceed Fahr., as the alcohol formed by the process 
is apt at a higlier temperature to pass off in considerable} quantity with the carbonic 
acid, and tlius give rise to a loss of vinegar. Presuming that the fermentation has been 
well conducted, and that the specific gravity of the wash is as low as water, or 1 *000, 
the next step is to pass it through that apparatus which constitutes the great peculiarity 
of Ham’s process. This process is called ‘ the acotifior.* — Urc. 

Imimrities and Adulter ations. 

In order to prevent the putrofiictive change which often takes place in vinegar, 
when carelessly prepared by the fermentation of malt-wine, &c,, it was at one time 
supposed to be necessary to add a small quantity of sulpTiuric acid. This notion has 
long since been shown to be false ; nevertheless, since the addition of 1 part of sul- 
pliiiric acid to 1,000 of vinegar was permitted by an Excise regulation, and thus the 
practice has received l(!gal sanction, it is still continued by many manufacturers. So 
long as the quantity is retained within tliesc limits, and if pure sulphuric acid bo used 
(great care being taken that there is no arsenic present in such oil of vitriol, as is not 
unfroquently the case in inferior varieties), no danger can ensue from the habit; but 
occasionally the quantity is much overpassed by dishonest dealers. 

I)r. Urc mentions having found by analysis in a sample of vinegar, made by one of 
the most eminent London manufacturers, with which he supplied the public, no less 
than 175 grains of the strongest oil of vitriol per gallon, added to vinegar containing 
only 3^,tlis per cent, of real acetic acid, giving it an apparent strength after all of only 
4 per cent., whereas standard commercial vinegar is rated at 5 per cent. 

The method of determining sulphuric acid has already been given, under the head 
of Acidimetry, ami the same remark applies to hydrochloric acid and others. 

Hydrochloric acid is rarely intentionally added to vinegar ; but it may accidentally 
be i>resent wlien the pyroligneous acid has been purified by Volckel’s process. It is 
d(!tccted by tlio precipitate which it gives with solution of nitrate of silver in the pre- 
sence of nitric acid. 

Nitric acid is rarely found in vinegar. For its method of detection, see Nitric 
Acid. 

Wine vinegar generally contains tartaric acid and tirtrates ; but it is purified from 
them l)y distillation. 

Sulphurous acid is occasionally met with in pyroligneous acid. This is recognised 
by its bleaching action on delicate vegetable colours, and by its conversion, under 
tlie influence of nitric acid, into sulphuric acid, which is detected by chloride of 
barium. 

Sulphuretted hydrogen is detected by acetate of lead giving a black colouration or 
precipitito. 

Metallic Salts . — If care be not taken in constructing the worm of the still of silver 
or earthenware, distilled acetic acid is frequently contaminated with small quantities 
of metfil from the still, copper, lead, tin, &c. These metals are detected by the addi- 
tion of sulphuretted hydrogen, as is fully discussed under the head of the individual 
metiils. Copper is the most commonly found, and it may be detected in very minute 
quantities by the blue colour which the solution assumes on being supersaturated with 
ammonia. 

It is not uncommon to add to pyroligneous acid, a little colouring-matter and acetic 
ether, to give it the colour and flavour of wine or malt vinegar ; but this can hardly 
be called an adulteration. 

The presence of the products of acotif cation of cider may be detected by neutral- 
ising the vinegar with ammonia, and then adding solution of acetate of lime. Tar- 
trate of lime is, of course, precipitated from tlie wine vinegar, whilo the pearly 
malic acid of the cider affords no precipitate with the lime, but nm^ be detected 
acct;ite of lead, by the pearly scales of malate of lead, hardly soluble in the cold. 

For a description of tho manufacture of Wood-vinegar, Boe Aesne Acid and Ftbo- 
uuNEOvs Acn>. 
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The Imports of vinegar irere : — 

1870 1873 

Compiitfd 

Gals. real value Gal?. Valued at 

From France. . . 46,146 4,230/. 46,168 4,271/. 

„ other parts . . 7,049 469/. 13,394 1,434/. 

Of the quantity for 1873 04,956 gallons were entered for Home consumption, ptiying 
887/. as duty. 

The average price fixed for the value has heon lx. lOr/. for the French vinegar, and 
1#. 4c/. for the other sorts. Since Juh^ 6, 1856, the duty on all vinegar imported has 
been 3c/. per gallon. 

That the importation of this article varies considerably is shown by the following 
stiitement : — 

In 1843 we /wipor/cc/ 21,784 gallons; in 1845, 195,967 gallons; in 1856, 35,616 
gallons; and in 1869, 40,316 gallons. 

Of the vinegar made in the United Kingdom, the Ed'ijvrts for the three years ending 
1870 were as fallow : — 

£ 


1868 

. Gallons, 6,903, comjmled real 

value, 647 

1869 

735 

64 

1870 

1,560 

137 

1874 

3,450 

„ 251 


VZWBGAS, UOMATZe. Strong acetic acid combined with certain aromatics. 
See Acetic Acid. 

VZOZ.BT DTZ is produced by a mixture of red and blue colouring-matters 
W'hich are applied in succession. Silk is dyed a fugitive violet with either archil or 
brazil wood; but a fine fast violet,, first by a crimson with cochineal, without tartar 
or tin mordant, and, after washing, it is dipped in the indigo-vat. A finish is some- 
times given with archil. A violet is also given to silk, l)y passing it through a 
solution of verdigris, then through a bath of logwood, and, lastly, through alum- 
water. A more beautiful violet may be communicjited by passing the aliimed silk 
through a bath of brazil wood, and, after washing it in the river, tlirougli a b;ith of 
archil. Now, all the violets are produced from the aniline scries. Sec Axii.i.ve, 
Murextdr, Purple. 

VZOZnrB. See Aniline Violet. 

VZUBZNS. See CAiinoLic Acid. 

VZTBZrzikBBZi COXiOUns. Sec Enamels, Pastes, Pottery, and Stained 
Glass. 

VZTBZZTABliB PXGMBBTS. The art of painting with vitrifiablo pigments 
has not kept pace with the progress of science, and is far from Inmng attained that 
degree of perfection of which it is capable. It still presents too many difficulties to 
prove a fertile field to the artist tor his labours ; and its prcKlucts have, for this reason, 
never held that rank in art which is due to them from the indestructibility and bi’il- 
liancy of the colours. The reason of this is attributable to the circumstance that the 
production of good vitrifiable ))igments is mere chance work ; and, notwithstanding the 
numerous papers published on tiie subj(?ct, is still the secret of the few. The direc- 
tions given in larger works and periodicals are very incomplete and indefinite; and 
oven in tlie otherwise highly valuable 'JVaife dea Arts Cr.ramiqucs of Bi*ongniart, the 
chapter on tlie preparation of colours is far from satisfactory, and is certainly no 
frank communication of the experience gathered in the Poyal Manufactory of Sevres. 

The branch of painting with vitrifiable pigments which has acquired its greatest 
development is the art of painting on porcelain. The glaze of hard felspar porce- 
lain, owing to its difficult fusion, produces less alteration upon the tone of a colour of 
the easily fusible pigments tlian is the case in painting upon glass, enamel, faience, 
&c. The colours for painting upon porcelain are all of them, after the firing, coloured 
lead-glasses throughout ; but before this operation, most of them are mere mixtures 
of colourless lead-glass, the/io*, and a pigment. In the so-called gold colours, purple, 
violet and pink, the pigments are preparations of gold, the production of which lias 
hitherto been considered us especially difficult and uncertain. Tlie following are the 
processes recommended. 

lAgkt Purple , — 5 grammes of tin turnings are dissolved in boiling nitromuriatic 
acid, and the solution concentrated in the wat^ir-bath until it solidifies on cooling. The 
perchlcmde of tin prepared in this manner, and which still contains a slight excess of 
muru^dc acid, is dissolved in a little distilled water, and mixtKl with 2 grammes of 
solution of protochloride of tin of 1*700 sp. gr., obtiiined by boiling tin-turnings in 
eOEcess with muriatic acid to the required degree of concentration. This mixed solu-^ 
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tion of tin is poured into a glass vessel, and gradually mixed with 10 itres of distilled 
water. It must still contiiin just so much acid that no turbidness results from the 
separation of oxide of tin ; this may bo ascertained previously by tjiking a drop of the 
concentrated solution of tin upon a glass rod, and mixing it in a watch-glass witii 
distilled water. A clear solution of 0*6 gramme gold in nitromuriatic acid, which 
must lie as neutral as possible, is poured into the solution of tin diluted with 10 litres 
of water, constantly agitating the whole time. The gold«Bolution should have been 
previously evaporated nearly to dryness in the water-bath, then diluted with water, 
and filtered in the dark. 

On adding tlie gold-solution, the whole liquid acquires a deep red colour, without, 
Iiowevor, any precipitate being formed; this instantly separates upon the addition of 
50 grammes of solution of ammonia. But if no precipitate sliould result, which may 
happen if the amount of ammonia was too great in proportion to the acid contained 
in the liquid, and in which case the liquid forms a deep red solution, the precipitate 
immediately results upon tbo addition of a few drops of concentrated sulphuric acid. 
It subsides very quickly. The supernatant liquid should bo poured oft* from it as 
soon as possible, and replaced 5 or 6 times successively by an equal quantity of fresh 
spring water. AVhon the precipitate has been thus sufficiently washed, it is collected 
upon a filter ; and as soon as the water has drsiined off completely, removed while 
still moist with a silver spatula, and mixed intimately upon a ground plate of a glass 
l)y means of a spatula and grinder with 20 grammes of lead-glass, previously ground 
very fino upon the same plate with water. The lead-glass is obtained by fusing 
together 2 parts of minium with 1 part of quartz-sand and 1 part of calcined borax. 

The intimate mixture of gold-purple and lead-glass is slowly dried upon the same 
glass plate upon which it had been mixed in a moderately warm room, carefully pro 
tected from dust, and, when dry, rubbed to a fine powder, and mixed with three 
grammes of carbonate of silver. 

In this manner wo obtain 33 grammes of light purple pigments from 0*5 gramme 
ot' gold. 

The above proportion of lead-glass and carbonate of silver to the gold precipitate 
holds good only for a certain temperature, at which the colour must bo burnt-in upon 
the porcelain, and which is situated very near the. fusing-point of silver. 

To obbiin the colour with a less degree of heat, the amount of lead-glass added to 
the gold must be greater, but that of the carbonate of silver less. The same holds 
good wdth respect to tlio preparation of the parj)le pigment for glass-painting. 

Tho best purple may be spoiled in the baking in the muffle. WJien this is done at 
too low a temperature, the colour remains brown and dull ; but if tho right degree of 
temperature has been exceeded, it appears pale and bluish. Reducing, and especially 
acid vapours, vapours of oxide of bismuth, &c., have likewise an injurious effect 
upon it. 

DarA; Purplr,— -The clear and neutral solution of 0*5 gramme gold in nitromuriatic 
acid is diluted in a glass vessel with 10 litres of distilled w'ater, and mixed under con- 
Bbint agitation wdth 7*5 grammes of the solution of protochlorido of tin of 1*700 sp. gr. 
prepared in the manner described above. The liquid is coloured of a dark brownish- 
rod ; but the precipitate is only deposited on tho addition of a few drops of concen- 
trated sulphuric acid. The sii])ornatant liquid is poured off! and roplacetl five or six 
times successively with an equal amount of spring water. The precipitate, which is 
sufficiently washed, is collected on a filter; and after tho excess of water is drained 
off, removed while still moist W’ith a spatula, and mixed, exactly as described for the 
light purple, upon a glass plate with 10 grammes of the above load -glass, dried, then 
reduced to a fino pow’der, and mixed with 0*5 gramme carbonate of silver ; it fur- 
nishes about 13 grammes of dark purple pigment. The stated proportion of lead-glass 
and carbonate of silver to tho gold is for tho same temperature of firing as given 
for tho mixture of light purple ; for a lower temperature, and also for painting 
upon glass, tho quantity of Icjid-glass must bo increased, and that of the silver salt 
diminished. 

Bed Fto/et.~Tho gold precipitate from 0*5 gramme gold is prepared in the same 
manner as for the dark purple, and whilst moist taken from the filter, and mixed inti- 
mately upon the plate of glass with 12 grammes of a load-glass prepared by fusing 4 
parts of minium witli 2 parts of quartz-sand and 1 part calcined borax ; it is then 
dried as above, and reduced to a fino pow^der upon a plate of glass, but without any 
addition of silver. Tho proportion of lead-glass to gold applies likewise for the same 
de,g:rce of temperature as" in the case of the light and dark purple pigments ; a lower 
temperature requires a larger proportion of lead-glass. A slight addition of silver to 
this pigment converts tho red violet into a dark purple : and when employed atone 
for painting upon glass, it gives a very excellent purple. 

Blue VioleU — This same gold precipitate of 0*6 gramme gold is mixed, while stitt 
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njoist, upon the glass plate with lO o grammes of a load-glass obtained by fusing 4 
parts of minium with 1 of quarte-sand, dr3n’ng it slowly in the manner above men- 
tioned, and then reducing it to a fine powder upon the glass plate. When the pigment 
is burnt-in at a lower temperature, a larger .‘iddition of lead-glass is required. This 
blue-violet pigment is more especially adapted for mixing with blue pigments. It is 
not applicable to glass-painting. The most important requisite in the preparation of 
good purple and violet vitrifiablo pigment is the very minute state of division of the 
gold in the gold precipitate, and of the latter in the load-glass, which is accomplished 
by mixing the moist precipitate with the glass. 

By mixing the light purplo-with the dark purple or vnth the red-violet, or the red- 
violet with the dark purple, in different proportions, the artist is able to jirodiice every 
possible tint of purple and violet. The light purple, without any additional silver, 
furnishes an amaranth-red colour, like that seen upon the porcelains of the pre- 
ceding century, wlnm the peculiar property of silver, of converting the amaranth- 
red into a rose-red colour, does not appear to have boon known. i)r. Rich ter, who 
at the commencement of this century prepared the pigments for the Koyal Berlin 
manufactory of porcelain, appears, however, to have employed it for his purple, %s a 
very beautiful rose colour may be seen upon the painted porcelain of that time. 

Pink. — One gramme of gold is dissolved in nitromuriatic acid ; the solution mixed 
with one of 50 grammes of alum in 20 litres of spring wat(;r ; then mixed, constantly 
agitating, with 1‘6 gramme solution of protochloride of tin of 1700 spec, grav., ami 
so much ammonia added until all the alumina is precipitated. When tlie precipitate 
has subsided, the supernatant liquid is poured off, and replaced about 10 times suc- 
cessively by an equal amount of fresh spring water; the pn'cipitate is then collected 
on a filter, and dried at a gentle heat. It weighs about IS'o grammes ; and to prt^- 
pare the pigment is mixed with 2't‘> grammes carl)onate of silver, and 70 grammes of 
the same lead-glass, described under light purple (2 minium, 1 quartz-sand, 1 calcined 
borax), and reduced to a fine j-kowder on tln^ glass plate. 

This colour is adapted only for the production of a light pink ground upon porcelain, 
and must only be applied in a thin lawyer; when laid on in a thick layer the gold 
separates in a metallic state, and no colour is produced. 

All the gold colours above d(*scribed do not furnish, when fused alone in a crucible, 
red or violet glasses, as might be expcet-d, but dirty brown or yellowish glasses, wiiich 
appear troubled from the separation of metallic gold and silver ; this poeuliar beauti- 
ful tint is only derelopcnl when they are fused upon the porcelain glaze in a layer, 
which must not be too thick ; they then colour it through and through, as a piece of 
porcelain painted with it shows distinctly in the fracture. If the layer execods a 
certain thickness, the gold and silver separate in a metallic state ; and they produce 
either a liver colour, as for instance the purple and violet pigments, or no colour at all, 
as is the case \ritli the more fusible pink pigment. 

Yellow Pigments for •painting npem Porcelain. — The yellow vitrifiablo pigments are 
lead-glasses, coloured either by untimonic .acid or oxide of uranium. The antinioniate 
of potash is prepared by igniting 1 part of finely -powdered metallic antimony with 
2 parts of nitre, in a red-hot Hessi.-in crucible, and washing the residue with water. 
The oxide of uranium is obtained in the fittest sUite, by heating tlio nitrate, until tlio 
whole of the nitric acid is expelled. 

Lemon Yellow. — 8 parts of antimoniate of potash, parts of oxide of zinc, 36 parts 
of lead-glass (prepared by fusing together 5 parts minium, 2 parts of white sand, and 
1 part of calcined borax), are intimately mixed, and he.atod to redness in a porcelain 
crucible, which is placed in a Hessian crucible, until the mixture forms a paste; it, is 
then taken out with a spatula, pounded after cooling, and ground upon a plate glass. 
If the pigment is fused longer than requisite for the perfect union of the ingredients, 
the yellow colour is converted into a dirty grey by the destruction of the antimoniate 
of lead. 

Light Yellow. — 4 parts of antimoniate of potash, 1 part of oxide of zinc, and 36 parts 
of lead-glass (prepared by fusing together 8 parts of minium and 1 part of white sand), 
are well mixed, fused in a Hessian crucible, and after cooling, pounded and ground. 
In the ]preparation of this colour, long fusion is less injurious tliaii with the preceding 
one, owing to the absence of the borate of soda in the lead-glass. The colour itself is 
more intensely yellow than the preceding one, and is extremely well adapted for 
mixing with rea and brown pigments ; but it does not furnish such pure tints as 
that when mixed with green; owing to its higher specific gravity, it flows more 
freely from the brush, and may l>e laid on in a thicker layer, without scaling off after 
the firing. 

Dark YeUow, 1. — 48 parts minium, 16 parts sand, 8 calcined borax, 16 antimoniate 
of potash, 4 oxide of zinc, and 6 parts peroxide of iron {caput moriuum), arc intimately 
mixed a&d fused in a Hessian crucible, until the ingredients have perfectly combined, 
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but no longer ; otherwise, the golden-yellow colour is converted into a dirty grey, as 
in tlio case of the lemon-yellow pigment. 

Bark Yellow, 2.— 20 parts minium, 2^ white sand, 4| antimoniate of potash, 1 part 
peroxide of iron {caput mortiiim), and 1 part oxide of zinc, are well mixed and fused 
in a Hessian crucible. Long fusion is less injurious in this case than in the preceding. 
Iron-red pigment may be laid on and near this dark yellow 2, without its being 
destroyed, or the harmony of the tints injuriously affected. 

For landscape and figure painting, the above-mentioned yellow pigments should be 
made less readily fusible, in order to paint with them upon or beneath other colours, 
without any fear of what has been painted being dissolved by the subjacent or super- 
posed pigment. This property is given to it by the addition of Naples yellow, which 
is best prepared for this purpose by long-continued ignition of a mixture of 1 part 
tartar-emetic, 2 parts of nitrate of lead, 4 pirts of dry chloride of sodium, in a Hessian 
crucible, and washing the pounded residue with water. Very useful yellow colours 
are likewise obtiiincd by mixing this Naples yellow with lead-glass ; they are, how- 
ever, more expensiv^e than those above given. A very excellent yellow for landscape- 
painting may be prepared, for instance, by mixing 8 parts Naples yellow and 6 parts 
load-glass (obtained by fusing 2 parts of minium witli 1 of white sand and 1 of cal- 
cined borax). 

The yellow pigments obtained with antimony, after heing burnt-in upon the 
porcelain, appear under the microscope to be mixtures of a yellow transparent sub- 
stance (antimoniate of lead?), and a colourless glass, and not homogeneous yellow 
glasses. 

Uranium Yellow . — 1 part oxide of uiMtiium, 4 parts lead-glass (prepared by fusing 
8 parts minium with 1 part white sand), are intimately mixed and ground upon a 
glass plate. This colour is not adapted for mixing with others, with which it produces 
discordant tints. It may be shaded with dark purple or violet. 

Uranium Orange . — 2 parts oxide of uranium, 1 par'^ cldorido of silver, and 3 parts 
bismuth glass, (prepared by fusing 4 parts of oxide of bismuth with 1 part of crystal- 
lised boracic acid), are intimately mixed and ground upon a plate glass. This orange 
is not adapted, any more than the yellow pigment, for being mixed W'ith other colours. 
When examined under the microscope, after being burnt-in upon porcelain, the ura- 
nium pigments appear as pale yellow-coloured glasses, in -which unaltered oxide of 
uranium is suspended. Only a small portion, therefore, of the oxide of uranium has 
dissolved in the fusing. 

Green YlgmcnU for painting upon Porcelain. Blue Green, — 1 0 parts of the chromate 
of protoxide of mercury and 1 part of chemic.iUy pure oxide of cobalt are ground upon 
a glass plate, in order to produce as intimate a mixture as possible ; the mixture is 
then heated in a porcelain tube, open at botli ends, until the w'hole of the mercury is 
expelled. The beautiful blucish-groen po-u'der thus obtiiined is then transferred into 
a porcelain crucible, and the lid cemented to it with glaze. The full crucible is 
exposed to the highest temperature of the porcelain furnace during one firing, the 
crucible carefull}^ broken after the cooling, and the pigment washed with water, to 
remove a small quantity of chromate of potash. In this manner a compound of oxide 
of chromium and oxide of cobalt is obtained in nearly equivalent proportions, which 
possesses the bluish-green colour of verdigris. 

The blue-green pigment consists of a mixture of 1 part of the above compound of 
oxide of chromium and oxide of cobalt, ^ part of oxide of zinc, and 6 parts of lead- 
glass (prepared by fusing together 2 parts minium. 1 part white sand, and 1 part 
calcined borax), which are mixed and ground upon tluj glass plate. By mixing this 
blue-green with lemon-yellow, any desired intermediate tint maybe produced. 1 part 
of bliie-greon to 6 parts of lemon-yellow furnishes a beautiful grass-green. 

Dark Green . — The chromate of mercury is treated separately in the same way as 
the mixture of it with oxide of cobalt for the blue-green ; and 1 part of the beautiful 
green oxide of chromium thus obtained is mixed with 3 parts of the same lead-glass 
as given under blue-green, and ground upon the glass plate. 

Green for Shading . — 8 parts chromate of mercury and 1 part oxide of cobalt are 
intimately mixed, and exposed in a shallow dish to the strongest heat of the porcelain 
furnace, during one of the bakings. In this manner a compound of oxide of chromium 
and oxide of cobalt is obtained, of a greenish-black colour, which, mixed -with twice 
the weight of the lead-glass directed for the blue-green, furnishes a very infusiblo 
blackish -green colour, for shading other green colours. 

When thin splinters of the green pigments of chromium, burnt-in upon porcelain, 
are oimmined under the microscope, it is distinctly seen that particles of the oxide of 
chromium, or of the oxide of chromium and cobalt, are suspended, undissolved, in the 
colourless lead-glass. 

Blue Bigrimte for painting upon Porcelain, Darft Blue , — 1 part ehesolcally pure 
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oxide of cobalt, 1 part oxido of iinc, 1 part load-ffl.iss (prepared by fusing together 
2 parts of minium and 1 of white sand), are well mixed and fused in a porcelain 
crucible, for at least S hours, at a red heat : then poured out, reduced to powder, and 
ground upon the glass. When this pigment cools slowly, it solidifies to a mass of 
acicular crystals. Long-continued fusion, at not too high a temperature, is requisite 
to obtain a beautiful tint ; this is best attained liy fusing it, during one of the bakings, 
in the second floor of the porcelain furnace ; tliis is also the cheapest and best way of 
fusing the lead-glasses. 

Ligld Blue. — 1 part oxide of cobalt, 2 parts oxide of zinc, 6 parts load-glass (po- 
pared by fusing together 2 parts of minium and 1 of white sand, and 1^- part lead-glass 
(prepared by fusing together 2 parts of minium, 1 part white sand, and 1 part calcined 
borax), are well mixed and fused, as directed for tlio dark blue. 

Bhie for Shading. — 10 parts oxide of cobalt, 9 parts oxide of zinc, 25 parts of lead- 
glass (obtained by fusing 2 juirts of minium and 1 of wliite sand), and 5 parts of lead- 
glass (prepared by fusing together 2 parts of minium, 1 part of white sand, and 
1 part of calcintnl boraxb art; mixed and fused, as directed for the dark blue. The 
colour is only used for shading, or to be applied upon or beneath the two preceding 
blue pigments, for which purpose it is admirably suited, from its being very difficult 
of fusion. 

Shy Blue. — 2 parts of dark blue, 1 part oxide of zinc, and 4 parts of lead-glass 
(prepared l)y fusing 4 parts minium witli 1 of white sand), are intimately mixed and 
ground upon the glass plate. This pigment is employed, either alone, or mixed with 
other colours, only for painting the. sky in landsc.‘i]»e. 

The blue pigments described likewise appear under the microscope, after having 
been burnt-in upon the porcelain, not to be homogeneous blue glasses, but mixtures 
of a transparent blue substance (silicate of cobalt and zinc?) and a colourless glass. 

7hirquoise Blue. — 3 p.arts of chemically pure oxide of cobalt, and 1 part of ])ure 
oxide of zinc, are dissolved together in sulphuric acid ; then an aqueous solution of 
40 parts ammonia-alum added, the mixed solutions evaporated to dryness, and the 
residue heated to expel the whole of the water ; then reduced to a pow'di'r, and exposed 
in a crucible to an intense red heat for several hours. The colour is most beautiful, 
when it lias been exposed, during one firing, to the heat of tlie porcelain furnace. It 
is a combination of nearly 4 oquivs. alumina, 3 equivs. oxide of cobalt, and 1 equiv. 
oxide of zinc, and is of a beautiful turquoise-blue colour. When the oxides are mixed 
in other proportions than tliose above givim, tliey do not furnisli such beautiful 
coloured compounds. 'J’o impart to it a slightly greenish tint, .a little moist recently- 
precipitated protocliromate of mercury is mixed with the above-described solution i>f 
ammonia, alum, zinc, and cobalt ; with the above quantities, ^tli part of the chromate, 
calculated in the dry state, suffi(;es. 

The turquoise-bluo vitrifiablc pigment is prepared by mixing one part of the 
compound of alumina-oxide of zinc and cobalt witii 2 parts of bismuth glass (prepared 
by fusing 6 jxirts of oxide of bismuth with 1 part of crystallised boracie acid). 

Tlie receipt for the preparation of tbo turquois»‘-bluo pigment, communicated in llio 
Traite des Arts Chamiques by llrongniart, is incorrect ; for a lead-glass of the com- 
po.sition there given (3 parts minium, 1 part sand, 1 ])art boracic acid) destroys the 
turquoise-blue pigment entirely on fusion, and only a dirty bluish-grey colour is pro- 
duced. On examining under the microscope the turquoise-blue pigment burut-in upon 
porcelain, it appears to be a mixture? of a transparent Idm; subsUince and a colourless 
glass. 7'he transparent blue subst.’ince in all probalality is the above-descrjbed 
compound of oxide of cobalt and alumina, which is of itself transparent under the 
microscope, but the transparency of which is increased l>y tlie surrounding fused glass 
of bismuth, just like the fibres of paper by oil. Tliis is probalily tlie case also with 
the microscopic blue constituent of tlio other blue vitrifiable pigments, and which is 
probably silicate of zinc and cobalt ; for this, when prepared separatel^q forms a pure 
blue transparent powder. 

Black and Grey Colours for painting upon Porcelain. Iridium Black. — Iridium, as 
obtained in commerce from Russia in the state of a fine grey powder, is mixiid with an 
equal weight of calcined chloride of sodium, and heated to a faint red in a porcelain 
tube, through which a current of chlorine is passed. In this manner a portion of the 
iridium is converted into the bichloride of iridium and sodium, which is dissolved out 
with water from the ignited mass. The aqueous solution of the double salt is eva- 
porated to dryness with carbonate of soda, and then extracted with water, which 
furnishes block sesquioxide of iridium. This is dried and mixed with twice its weigiit 
^ lead-glass (prepared by fusing together 12 parts of minium, 8 parts of white sand, 
and 1 part of calcined borax), and ground upon a plate of glass. Tlie iridium, which 
remained undecomposed in the first treatment with sca-ealt and chlorine, is again 
Ifsboiitted to the same treatment. 
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Iridium Grey. — 1 part of the sosquioxido of iridium, 4 pirts of oxide of zinc, and 
22 parts of load-p:lass (prepared by fusing together /i pirts of minium, 2 parts of sand, 
and 1 part of calcinod borjix) are intimately mixed and ground fine upon a plate of 
glass. On microscopical examination of the iridium pigments after they have been 
burnt-in upon porcelain, tho sosquioxido of iridium is seen to be suspended in the 
transparent fused lead-glass. It is owing to tho iinaltorability of the sesquioxide 
vf iridium tliat it admits of being mixed with all other vitrifiable colours without 
injuriously affecting tho tints, as is the case with all the other vitrifiable grey and 
black pigments. 

Black from Cobalt and Manganese. — 2 parts of sulphate of cobalt deprived of its 
water of crystallisation, 2 parts of dry protosulphate of manganese, and 6 parts of nitre, 
are intimately mixed, and heated to redness in a Hessian crucible until tho whole of 
the nitre is decomposed. The calcined mass, exliaustod with boiling water, furnishes 
a deep black powder, which consists of a combination of oxide of cobalt and oxide of 
manganese. 1 part of this compound is mixed with 2^ parts of lead-glass (prepared 
by fusing together 5 parts of minium, 2 parts of sand, and 1 part calcined borax), and 
ground fine upon a plate of glass. 

Grey from Cobalt and Manganese. — 2 parts of the above compound of the oxide of 
cobalt and manganese, 1 part oxide of zinc, and 9 parts of lead-glass (prepared by 
fusing together 5 parts of minium, 2 parts of sand, and 1 part of calcined borax) are 
mixed and ground fine. 

These black and grey pigments are fiir less expensive to prepare than those from 
iridium, and arc not inferior to them in colour ; but they do not mix so well with 
other colours, and wlioii baked seviTal times they vary their tint somewhat, which 
renders their application less certain. When these colours burnt-in upon porcelain 
are examined under the microscope, it is seen that the oxide of cobalt and manganese 
is not dissolved by tho load-glass, but merely suspended in it. 

Besides these colours, a very infusible black is used in painting, which is not acted 
upon by tho superposed colours in the fusion ; it is tho — 

Groimd Black, which consists of 6 parts of bluo violet (gold-purple), l|rds part of 
oxide of manganese and cobalt, and l|rds part of oxide of zinc ; these are intimately 
mixed and ground fine upon a plate of glass. 

White for Covering. — 1 part minium, 1 part white sand, and 1 part crystallised 
boraeic acid, are well mixed, and fused in a porcelain crucible. This white enamel has 
tho peculiarity of forming a colourless clear glass when quickly cooled, for instance, when 
poured into 'water ; while, whtm slowly cooled, it remains perfectly white and opaque. 
On Iieating tho clear glass to its melting point, it loses its transparency, and becomes 
opaqno us before. This property it possesses in common with the enamels, the opacity 
of •which is produced l»y arsenic or tungstic acid ; probably tho opacity in the present 
case is produced by the sepiTnition of silicate of lead, as in the white enamels by 
arseniato or tungsbite of potash, or by oxide of zinc. It is, however, of excessive 
minuteness ; for under tho microscope, even with tho highest power, the glass merely 
exin'bits a yellowish turbidness, and no individual particles are visible. 

This white serves for marking the lightest part of tho pictures, where it is impos- 
sible to produce them by exposing tho bare surface of the white porcelain ; it is also 
frequently mixed in small quantity -with tlie yellow and green pigments, to make them 
cover well. 

Lead Flux. — A oidourloss lead -glass for touching-up those parts cf the painting 
which have remained dull, an I for mixing with those pigments which are not ea^ 
of fusion, is obbiined by mixing together 5 imrts of minium, 2 parts of white san^ 
and 1 part of calcined borax. 

Bed and Brown Vitrifiable Figments derived from Peroxide of Iron for painting unon 
Porcelain. Yellow-Bed. — Anhydrous sulphate of the peroxide of iron is heated to 
redness on a dish in an open muffle, and constantly stirred with an iron spatula until 
tho greater portion of tho sulphuric acid has been expelled, and a sample mixed with 
water upon a glass plate exhibits a beautiful yollowish-red colour ; after cooling, the 
peroxide of iron is freed by washing with water from any undecomposed sulphate, 
and dried. To prepare the pigment, 7 parts of the yellowish-red peroxide of iron 
are well mixed Avith 24 parts of lead-glass (prepared by fusing together 12 parts of 
minium, 3 parts of sand, and 1 part of calcinod borax), and ground fine upon a plate 
of glass. 

Bromi Bed. — Wlion the porsulpliate of iron is heated to redness until the whole of 
the sulphuric acid is expelled, and a siimple exhibits a dark red colour, the peroside 
of iron is well suited for a brownish-red pigment, which is prepared in the 
manner as directed for the yellowish-red. 

Bluish Bed {Pompadour). — ^Whon the persulphate is heated still more strongly, it is 
deprived of its loose consistency, becomes heavier, and acquires a bluii^-xea 
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To hit this point exactly when the oxide of iron has assumed the desired cannino 
tint is not so easy, us it changes very rapidly at these temperatures. 

The pigment is prepared by mixing 2 parts of the purple-coloured peroxide of iron 
with 5 parts of lead-glass, obtained by fusing together 6 parts of minium, 2 parts of 
sand, and 1 part of calcined borax. 

Chestnut Brown. — This colour of various shades, even to black, is acquired by the 
peroxide of iron, at still higher degrees of heat than required for the preparation of 
red colours ; the pigments are prepared hy mixing 2 parts of the chestnut-brown per- 
oxide of iron with 5 parts of lead-glass, prepared hy fusing together 12 parts of minium, 
8 parts of sand, and 1 part of calcined borax. 

Chamois.— \ part of the hydrate of the peroxide of iron, prepared by precipitating 
the peroxide of iron with ammonia is mixed with 4 parts of the load-glass, describe(l 
in the preceding, and tlie mixture ground fine on a plate of glass. This colour is laid 
on very thin, and serves to produce a yellowish-brown ground. 

Flesh Colour. — 1 part of peroxide of iron, 4 parts of dark yellow 2, and 10 parts of 
lead-glass, prepared as described under chestnut-brown, are well mixed and ground 
fine upon a plate of glass. This colour can also only bo employed in a thin layer. 
Various tints may bo given to it ])y mixing it with a red peroxide of iron, sky-blue, 
or dark yellow 2. The red of tlio cheeks and lips are painted upon it with Pompadour- 
ped. 

When the above colours arc burnt-in upon porcelain, it is distinctly seen under the 
microscope that the peroxide of iron is suspended unaltered in the clear lead-glass ; at 
least tlio quantity dissolved by the fused lead-glass is so small that it is not perceptibly 
coloured. 

Various Broum Pigments fur painting upon Porcelain. Light Brown, 1. — 6 parts of 
dry protosulphato of iron, 4 parts of dry sulphate of zinc, and 13 parts of nitre are well 
mixed, and heated to a redness in a Hessian crucible, until the wljole of the nitre is 
decomjxjsed. AVhen cold, the crucible is broken, the residue removed, and sepiratid 
by boiling with water from soluble matters. A yellowish-brown powder remains, which 
is a combination of oxide of zinc with peroxide of iron. The pigment is made by 
mixing 2 parts of this compound with o parts of lead-glass, prepared by fusing to- 
gether 12 parts of miuiiim, 3 parts of sand, and 1 part of calcined borax. 

Light Brown, 2 . — 2 parts of dry sulpliate of iron, 2 parts of dry sulphate of zinc, 
and 6 parts of nitre, are treated in the same manner as described for light brown 1. 
The resulting compound of oxide of zinc and iron is of a lighter lint; the pigment is 
prepared from it as aljove. 

Light Brown, 3. — 1 part of dry sulphate of iron, 2 parts of dry sulphate of zinc, and 
4 parts of nitre are treated ns directed for 1 and 2. 

The light brown colours, after having been burnt-in upon porcelain, exhibited, under 
tlio microscope, the transparent particles of the yellowish oxide of iron and zinc sus- 
pended in the colourless lead-glass. 

Bistre Brown, 1. — 1 part dry sulpliate of manganese, 8 parts of dry sulphate of zinc, 
12 parts dry sulphate of iron, and 26 parts nitre, are treated as directed for light 
brown 1, and the resulting dark brown powder (a combination of the oxides of zinc, 
iron, and manganese), mixed with 2\ times its weight of load-glass of the same compo- 
sition as for light brown 1. 

Bistre Brown, 2. — 1 jiart dry sulphate of manganese, 4 parts dry sulphate of iron, 4 
parts dry sulphate of zinc, 1 2 parts nitre, nro treated as for bistre brown 1 . Tlio colour 
is somewhat darker. 

Sepia Brown, 1. — 1 part dry suljdiato of iron, 1 j)art dry sulphate of manganese, 2 
parts dry sulphate of zinc, and 5 pirts nitre, are treated as directed for liglit brown 1, 
and the greyish-brown pigment thus obtained mixwl with 2A times its weiglit of lead- 
glass of the aliove composition. 

Sepia Brown, 2. — 1 part calcined sulphate of iron, 2 parts calcined sulphate of man- 
ganese, 6 parts calcined sulphate of zinc, and 10 parts nitre, are treated as for sepia 1. 

Bark Brown. — 1 part dry sulphate of cobalt, 4 parts dry sulphate of zinc, 4 parts 
dry sulphate of iron, and 10 parts of nitre, are mixed and treated as directed for light 
brown 1. The resulting beautiful dark reddish-brown combination of the oxides of 
cobalt, zinc, and iron is mixed with 2^ times its weight of the same lead-glass as fur 
the preceding colours. 

chrome Brown. — 1 part of hydrated peroxide of iron is intimately mixed with 2 parts 
of the chronmte of the protoxide of mercury, and then heated to redness in a dish, in 
an open muffle, to expel the whole of the mercury. The dark reddish-brown compound 
of the oxides of chromium and iron is mixed with 3 times its weight of lead-glass, 
prepared by fusing together 5 parts of minium, 2 parts of sand, and 1 part of calcined 
boi^ 

When e xami ned under the microscope, after being burnt-in upon porcelain, these 
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different brown colours also show that the dark compounds are simply BUS|>ended in 
the lead-glass, and not, or merely to a small extent, dissolved. The direction above 
given for preparing the coloured combinations of the oxides in the dry way, for the 
bodies which constitute the different brown pigments, is cheaper and more certain 
than the precipitation of the mixed solutions by carbonate of soda and calcination of 
the washed precipitate, which also answers. If, however, the several oxides were to 
be mixed with the lead -glass separately, instead of combined, the colours would not 
bo pure, that is to say they would exhibit after the firing different tints in a thick and 
thin layer ; they would moreover possess a totally different colour before the burning 
from that which they acquire after that operation, and would thus contribute to deceive 
the artist. 

Gold 'purple is obtained, according to the process of Ladersdorff, by mixing a solu- 
tion of 1 part ducat gold, in 4 parts aqua regia^ with 1 drachm of tin-salt dissolved in 
4 oz. distilled water, and a solution of 1 draclim of gum in 3 oz. of water, in the fol- 
lowing proportions : — 

Distilled water . . . . , . 3 oz. 

Solution of gum arable . . . ,28 grs. 

„ of tin-salt , . , . , 14 „ 

„ of gold 23 „ 

and adding alcohol of ()"863 spec, grav., until the liquid begins to grows turbid. The 
purple is deposited and washed with spirit of 0*958. The dried precipitate has a 
brownish colour, and furnishes, when all the gum has been carefully removed by 
washing, a very beautiful purple after the firing. 

According to Fuchs, 1 oz. liq. ferri muriat. oxydati, Ph. bor., is mixed with 3 oz. 
of distilled water, and a solution of 1 oz. protochloride of tin in 6 oz. distilled water, 
and 10 drops of muriatic acid added until tho whole has acquired a greenish colour, 
when a further addition of 10 oz. of distilled water is made. 

On the other hand, some ducat gold is heated to boiling with pure nitric acid, until 
all the gold is dissolved. An excess of acid should be avoided. 360 parts of distilled 
water are added to this solution of gold ; and then the above solution of iron and tin 
gradually poured into it until the whole of tho purple is precipitated. This precipi- 
tate has likewise a brownish tint after drying, but furnishes a beautiful purple after 
burning. 

It has been found, however, that purple prepared according to the following 
process is preferable, especially as regards the external appearance. A mixture of 4 
l^arts pure nitric acid of 1*24 spec, grav., and 1 part pure muriatic acid, which is mixed 
with half as much pure alcohol of 0 863, and chemically pure tin, gradually added in 
small portions until no more is di.ssolved ; the solution must be effected slowly, on 
which account the vessel containing the mixture should be placed in snow or cold 
water. The carefully decanted solution is diluted with 80 times its weight of distilled 
water, and .mixed with a solution of gold, prepared according to the above directions. 
The precipitate is purple-red, and remains so after drying. The tin-solution for this 
purpose cannot be preserved long, otherwise nitric ether is formed ; and the higher 
oxidation of the tin-salt no longer furnishes such beautiful precipitates with gold as 
tho recently-prepared solution. 

F(jr mixing with the purple in order to produce a rose colour, the author does not 
employ a carbonate of silver, but the metal in a voiy minute state of division, obtained 
by mixing tho finest silver-leaf with honey and a, few drops of ether, and well grinding 
it, w'hen the honey is w^ashed out with water. Mr. Waechter uses as a flux for the 
purple colours a lead-glass, consisting of 6 parts minium, 2 parts silica, aud 2 parts 
calcined borax. 

With respect to tho chrome colours, he observes, that the expensive method for their 
preparation by means of the chromate of the protoxide of mercury is still the only one 
by means of which a fine colour can be obtained. 

Cobalt Colours, — In purifying the cobalt for porcelain colours, the removal of tho 
whole of the arsenic is of less consequence than that of the iron. Cobalt ores from 
various lowilities, Tunaberg, Saxony, and Thuringia, are treated in the following 
manner. Tho mineral is reduced to a fine powder in an iron mortar, kept for 
purpose, and mixed with ^th its weight of charcoal-powder; then exposed in Hessian 
crucibles to a red heat under a chimney with a good draught or in the open air, and 
roasted as long as arsenical vapours escape, a very disagreeable operation, wluch lasts 
several hours. The ore thus prepared is now boiled over the fire with a mixture of 
4 i^rts nitre and 1 part muriatic acid, 1 part of which is diluted with 3 parts of water. 
This operation is repeated about 3 times, with les.** acid. The liquids are allowed to 
settle, the clear portion decanted, the remainder diluted with water and filtered, az^ 
the solution evaporated to diyness. The dry mass is mixed with some water, fieate^ 

VoL. IIL 4 A 
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and separatetl by filtration from the residue ol' iirsicniate of iron. The green liquid, 
which now contains more or less cobalt, iron, nickel, and manganese, is mixed with a 
filtered solution of |)earlash, until the dirty red precipitate begins to turn blue. 
Care and experience in this operation are requisite, otherwise a loss of cobalt might 
result. The precipitate of arseniate and carbonate of iron, which at the same time 
contains nickel and manganese, is separated by filtration, and the beautiful red 
liquid mixed with more of the solution of penrlash until the whole of tlie cobalt is pre- 
cipitated ; the precipitate is carefully washed and dried. This hydrated oxide of cobalt 
is sufficiently pure for technical purposes, and answers just as well as that prepared 
firom oxalate of cobalt or by caustic ammonia. 

For painting, the oxide of cobalt is heated in a Hessian crucible with 1 part silica, 
and 1 i part oxide of zinc for two hours in a blast-furnace, then reduced to a fine 
powder in a porcelain mortar, and mixed with an equal weight of lead-glass. 

Ydlow Colour. — A beautiful yellow is obtained from 2 oz. minium, ^ oz. Stih. oxydat, 
alb. ahl. 2 drms. oxide of zinc. 2 drms. 2 scruples calcined borax, oz. silica, ^ drm. 
dry carbonate of soda, and 1 scruplc./m*. oxydat. fuscum, which are well mixed, fused 
in a crucil)le, and then ground fine. — Wuechfer. 

VXTRXOXi, from Vitrnm, ‘glass.’ is the old chemical, and still the vulgar appellation 
of sulphuric acid, and of many of its compounds, which in ccjrtain states have a glassy 
appearance; thus; — Vitriolic acid, or oil of vitriol, is sulphuric acid; hlue vitriol, is 
sulphate of copper; yreen tuiriol, is green sulphate of iron ; vitriol of Mars, is red 
sulphate of iron ; and vdiite vitriol, is sulphate of zinc. 

VZVZAJTZTS. A blue iron ore, phosphate of iron. Some fine examples have 
been found in the mines of Cornwall and Devon. See luox Obes. 

VO&CAJrzC CZiA88. See OnsmiAX. 

VORTU WATZSR-WHBBZ.. See Turbine. 

VBZAC, A name given to kelp by the French makers ; vriac venant, drift weed ; 
vriac soil, cut weed. The same as ^’a.bec. 

VirXiCAVZTZto Vulcanised india-rubber. See Caoutchouc. 

VUXBZBTTB. A siliceous variety of anhydrite, containing 8 per cent, of silica. 
The vulpinite from Vulpino, near Dergamo in Italy, takes a fine polisli, and is used 
for ornamental purposes. It is known to artists as the Manno JJardiglio di BtrtjanUK 


W 

WACXB is an obsolete name for a rock intermediate btd.woon clay-slate and 
basalt. It is generally an eart hv decontposing igneous rock. 

WAD, or W ADD, is the proviiK'ial name of plumbago in Cuml>erland ; and also 
of an ore of manganese in Derby.sliire and elseM'liere, which consists of the peroxide 
of that metal, associated with nearlv its own weight of oxide of iron, &c. 

WADDZITG {Ouate, Fr. ; Wattf, Ger.) is the spongy web wdii eh serves to lino 
ladies’ dres.ses, &c. Ouaic, or Wat, was the name originally given to the glos.‘^y 
down tufts found in the pods of the plant commonly called Ayocyn, and by hobuiists 
Asclepas Syriaca, which was imported from Egypt and Asia Minor for the purpose of 
stuffing cushions, &c. Wadding is now made Muth a lap or floece of coMon prepared 
by the carding-engine (see Cardmy, Cotton Manufactuuk). which is applied to 
tissue-paper by a coat of size, made by boiling the cuttings of huro-skiiis, and adding 
a little alum to the gelatinous solution. When two laps are glued with t heir faces 
together, they firm the most downy kind of wadding. 

WAnntS. There are two manners of manufacturing wafers ; 1, with wheat- 
flour and water, for the ordinary kind; and 2, witli gelatine. 1. A certain quantity 
of fine flour is to be diffused through pure water, and so mixed as to leave no glotty 
particles. This thin pap is then coloured wdih one or other of the matters to be par- 
ticularly described under the second head; and which arc, vermilion, sulphate of 
iudigo, and gamboge. The pap is ncjt allowed to ferment, but must be employed 
immediately after it is mixed. Wafers arc now but little used, adhesive envelopes 
having almost superseded them. 

The colouring-matters ouglit not to be of an insalubrious kind. 

For red wafers, carmine is well adapted, when they are not to be transparent ; but 
this colour is dear, and can be used only for the finer kinds. Instead of it a decoction 
of brazil-wood, brightened with a little alum, may be em] doyed. 

For yellow, an infhsion of saffron or turmeric lias been pre.‘!cribed j but a decoction 
of weld, fustic, or Persian berries, might be used. 
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Sulphate of indigo, partially satiimtod with potash, is used for the blue wafers ; and 
it is mixed with yellow, for the greens. Some recommend the sulphate to be nearly 
neutralised with chalk, and to treat the liquor with alcohol, in order to obtain the 
best blue dye for wafers. 

Common wafers, are, however, coloured with the substances mentioned at the be- 
ginning of this article ; and for the cheap kinds, red lead is used instead of rermilion, 
and turmeric instead of gamboge. 

Three new methods of manufacturing wafers were made the subject of a patent by 
Peter Armand De Comte de Fontainemoreau, in April 1850 ; the chief feature of 
which is a layer of metal-foil. In the first of the three forms described, the metal 
slip or band is to be coated with tho ordinary farinaceous paste used for making 
wafers, for which purpose tho slip is laid on one of the jaws of the ordinary iron 
mould, then a spoonful of paste is poured on it, the mould is shut, and tho paste 
baked as usual. The metal band is lastly punched into wafers, either plain or orna- 
mental. 

The second method is to stick those slips to paper with paste, then to dry and punch 
thorn out. 

By the third plan, strips of gummed paper arc fixed to the slips, and a resinous 
cement is put on the other side. The first two methods require moistening, the third 
heating. This contrivance is susceptible of much variety of decoration. 

WAliWXJT BXfSBlS, or PSSXiS {liroiit des noix, Fr,), are much employed by 
the French dyers for rooting nr giving dun colours. 

WAKOTT OXXi. See Oils. 

WAJrOSJBS, or Japan Canes. A c-ane imported from China. 

WARP {ChainCy Fr. ; Kcttey Anschweify Zxttdy JVer/^. Gev.) is the name of the 
longitudinal threads or yarns, whether of cotton, linen, silk, or wool, which being de- 
cussated at right angles by tho woof or weft threads form a piece of cloth. The warp 
yarns are parallel, and continuous from end to end of the web. See Weaving, for a 
description of the warping-milL 

WASH is the fermented wort of tho distiller. 

WASBXlfG COAXi. M. Berard is the inventor of a very successful apparatus 
for purifying small coal. Ho exhibited his arrangement at the Great Exhibition of 
1851, receiving tlie Council medal. The decoration of the Legion of Honour and a 
gold medal w'as also awarded to him at the Paris Exhibition in 1855. This appa- 
ratus, to be presently described, effects, without any manual labour, the following 
operations : — 

Ist. The sorting the coal by throwing out tho larger pieces. 

2nd. Breaking the coal, whicli is in pieces too large to bo su>>jectod to the operation 
of washing. 

3nl. Continuous and perfect purification of the coal. 

4 til. Loading the purified coal into waggons. 

5th. Loading the refuse (pyrites or schist) into waggons for removal. 

Tlie power required for tho apparatus is that of from four to five horses, and tho 
machino can operate upon from 80 to 100 tons of coal in about twelve hours, if fitted 
up near the colliery. The expense of the operation of purifying is stated to consist 
sole ly in the wages of tho workmen charged to conduct the labour of the machine. 

Tlio following description of the ^< 7 ^. 2091 and 2092, will render tho arrangements 
of M. Berard’s machine readily inteliigiblo. 

The coal is carried from the mine on a staging, for example, and the tram-waggon, n 
(y/< 7 . 2091), is unloaded into a hopper, c, either by opening the bottom or by tilting it (as 
in the position represented by the dotted lines 6), by means of a lever. It falls after- 
wards either on to a table or a moveable grating, d, formed of frames, or of a series 
of stages, of sloping perforated plates, which immediately sorts it into as many sizes 
as there are perforated plates. 

']!’his grating is suspended out of perpendicular by four chains or iron rods, c c, 
fixed to the framework of the staging a. It is moved by means of a cam motion (an 
arrangement of a cam and tongue mentonnet), c', and falls back by its own wei^fht 
against the stops, which produce concussions or vibrations favourable to the cleanng 
out of the holes and to the descent of the materials. The motion communicated to the 
grating admits of a much less inclination being given to it than would be the case if 
it were fixed : the sorting is effected quicker and more perfectly, besides which, the 
differences of level which it is necessary to preserve are maintained. 

The larger pieces rejected by tho first plate reach the picking-table b, where a 
labourer picks out the largest stones and extraneous substances, as fragments of cast- 
ings, iron, &c. 

The fragments which have passed through the upper plate, and are retained 
by that below, descend direct to the crushers p rf, situated below. Lastly, tha tne 
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portions of the coal which have passed through the second perforated plate, fall on to 
a solid bottom, a', whence they are thrown, delivered direct into the pit by means of 
a fixed shoot, e. 

The crushing-cylinders, f f , are made with a covering of cast iron, mounted on an 
iron shaft. This covering can be easily replaced when worn out. It has on its sur- 
face small grooves, which are usually placed longitudinally, parallel with tlio axis of 
the cylinder, in order to avoid the slipping of the substances operated on. But it is 
also necessary to crush fragments of slate which gain admission with the coal, and 
those consisting cf thin, flattened laminse, it would be necessary to bring the crusher 



closer than would be required to reduce the coal, whicii is of a more cubical form, to 
the proper size. 

In order to obviate this difficulty, another series of groovtjs arc forin<id on the sur- 
faces of the crusher transversely to those already dt-scribed, the intersi+ctioii of the 
two producing projections in the form of quadrangular pyriiiiiids. wiili slightly 
rounded tops. In coming between the projections of the crushers, llie fragments ot 
slate, being unable to pass, are broken up without reducing the coal to a smaller size 
than is required. 



When the coal lias undergone a preliminary sifting, which has removed all the 
pieces exceeding 6 or 7 centimeters in size, one pair of crushers is sufficient. In 
that case the grating may be dispensed wdtli altogether by discharging the coal direct 
into the pit, and returning from the sifter to the washer the pieces of coal which have 
not been able to pass beyond the first perforated plate. 

The small coal resulting from the washer, or from the sifter, by means of the 
jigger, is delivered into a common pit placed under the washertc The pit is shaped 
like an inverted quadrangular pyramid, the three faces of which are inclined to ono 
another at an angle of 46°, to facilitiite the descent of the subshmee, and the fourtli 
is usually vertical. It is on the latter that an opening is made, which is regulated by 
a flood-gate. 

An elevator, formed of an endless chain, with buckets, raises the coal from the 
bottom of the pit> and places itself sufficiently high to allow of the final discharge, 
which may take place into the waggon. 

The rate of ascent of the buckets and their capacities are calculated so as to raise 
to 200 tons of coal in the working hours i but this quantity may be diminished 
by means of the Sood^te in the pit. 

coa\ dischaigeA \)y the e\e\atoT on the eotUx, which ought invKvcdiatcly to 

diyiik acocnxiuig to distribute it to the feiry-boats. 
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The classifier is formed of a kind of oblong rectangular chest, made of iron 
plates, in the inside of which are placed stages of perforated plates, the apertures in 
which decrease in a downward direction. Sufficient space is allowed between each 
plate for the motion of the materials. At the bottom of the perforated plates aro 
disposed inclined planes for throwing on one side the product of the sifting, which, 
escapes through a slope made on the side of the sifter. A bottom fixed to the 
classifier itself, and like it moveable, receives the dust in the finest numbers, if the 
sifting has been effected in the dry way, or else this bottom is immoveable and fixed 
to longerons which support the classifier, if the sifting take place in water, as we are 
about to point out. 

The classifier is suspended by two or three pairs of articulated handles turning 
on axles fixed to longerbns ; by that means it enjoys an extreme freedom of motion 
in a longitudinal direction. A rapid reciprocating motion is communicated by a 
‘ hidk.,' which receives the action of a bent axle firmly established on a foundation 
fixed on the principal wall of the chamber of the machine. The motion of rotation 
is communicated to the axle by the disposition of an iron pinion d' angle working 
into a. 

The bac is formed of a rectangular chest in cast iron, l', one part of the bottom of 
which is inclined at 45°, the other lower parts remaining horizontal. 

Opposite one of the lesser sides of the rectangle is placed a cylinder o, opening 
into the oblong chest at about half its height. The chest l' is prolonged under the 
cylinder, in order to increase the stability of the system and the capacity of the 
drain-well {puimrd). 

A cast-iron box, m m', is firmly fixed in the interior of the bac, on flanges of cast 
iron with vertical faces. This box has a slight inclination from m towards m'. It is 
covered with a perforated plate, usually of copper, fastened to the frame by a number 
of iron pins or bolts easy of replacement. The size of the holes varies according to 
that of the matters brought into the bac. 

A ciist-iron door, n, traverses, opening outward, is fixed at a slight height above the 
frame, serving as a kind of partition dividing the materials in the bac, and against it 
?i fiood-gito n', by means of which the opening beneath tlje cast-iron door may be 
closed at pleasure. 

A counter flood-gate, n', is placed at the lower extremity of the frame ; in raising it 
a barrier is formed of variable height, by means of which the substances between the 
flood-gate and counter flood-gate may be arrested. 

A piston, c, receives from the machine a sufficiently rapid reciprocating motion. 

Everything being thus arranged, if the bac is supposed to bo filled with water to 
the level (.f the frout face at n', and that the substances to be washed fill the space in 
the bac bt-tween this level and the perforated plate of the frame, the piston working 
upwards nnd downwards will press the water in the body of the cylinder, and will 
force it by its incompressibility to pass through the holes in the perforated plate ; it 
will establish above this plate an ascending current, which, if of sufficient power, will 
raise the substances submerged. 

The resistance to tho rise of each body will be in proportion to its specific gravity, 
and the height it will be carried will follow an inverse law, supposing the fragments 
to be of nearly equal sizes. 

Tho slates which fall over the counter flood-gate fall into a pocket or reservoir, N, 
whence they are discharged on opening a flood-gate, k'. Pressed by the upper column 
of water, they slide with a slight aflimixture of water on the inclined plane, k.' n', 
•which can bo pierced with holes ; tho water escapes, and the slate only falls directly 
into tho waggon of discharge. 

Tile bent axlo of transmission, s s, moves in a groove turning on a pivot at its ex- 
tremity. Tho rotation of tho axlo communicates an oscillating motion to it. 

The deposit formed in the drain-well is emptied through an opening of the flood- 
gate placed at the lower part. An opening serving as a man -hole is reserved for 
effecting internal repairs witliout the necessity of raising the frame. 

All coal contains a portion of earthy matters or impurities which, in the form of 
bands or scales, are generally in some degree apparent to tho eye, and constitute the 
ashes and clinker left by combustion. The small coal which is sent out of mines 
necessarily contains a still larger proportion, frequently exceeding 10 percent, con- 
sisting chiefly of shale and iron pyrites derived from the roof or floor of the seam of 
coal, or from the bands of impurities interstratified with it Generally these impurities 
are so incorporated with the mass of the coal that it must be crushed in order suffi- 
ciently to detach them. The pyrites, which contain nearly the whole of the saiphur 
found in coal-seams, is -well known to be very injurious either in a "heating or Bmemng 
furnace, iu the manufacture or working of iron, in gas-making, in coking, and othen 
processes. 
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Many seams of coal already sunk to, or portions of soams in vork, aie loft under- 
ground as unsaleable in consequence of the impurities they contain. Small coal sells 
at a low price chiefly in consequence of its impurities and the defective coking pro- 
perty which they occasion. It has been estimated that an amount not far short of 
the quantity of coal sold is sacrificed in producing a commercial article of adequate 
quality and description. The enormous consumption of coal in this country, amount- 
ing to 127 millions of tons per annum, renders the utilisation of a larger portion of 
the more valuable seams now in course of being exhausted, and the bringing into the 
market of othwr seams, objects of national importance. 

The differences between the specific gravities of coal and its impurities, allow of 
their being separated by the action of water when sufficiently crushed. The water 
process hitherto most commonly adopted is that known as ‘ jigging,’ which consists in 
forcing the water alternately up and down through the mass of coal. The downward 
current of water in ‘jigging’ is prejudicial, and entails a largo sacrifice of the finer 
particles of the best coal ; whilst the upward current, from its rapidity and irregularity, 
IS costly both in time and power, besides failing to effect the more perfect separation 
which is obtained by a slow, continuously ascending or pulsating current, regulated 
to the proportion of shale in the coal, and to the size of the particles to bo acted 
upon. 

Several coal-washing machines hare I»ecn from time to time introduced, but the 
machine described sufficiently represents their general character. 

Machines have been established in Scotland, Cumberland, Derbyshire, ( iloucester- 
shire, and Wales, to purify from 20 to 100 tons of coal per day, at a cost not exceed- 
ing 3d. per ton, and with a loss not exceeding 2 per cent, of coal. 

WAXm. (£km, Fr. ; Wasser, Ger.) There is no substance so extensively used 
in the operations of nature on our globe, as well as in the %t'orkshops of men, as u-atcr. 
To speak of its numerous relationships, even briefly, would demand too much space, 
and it will be needful to confine ourselves strictly to a consideration of its physical 
conditions. 

A few analyses of river water will convey some idea of the composition of the solid 
matter held in sohi(if)n. given in grains per gallon of this fluid 
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Bain is the probable source of all water. It is almost absolutely pure water if it 
fails through uncontaminated air. Water is almost colourless, brilliant, Mithout tiiste 
or smril, and very transparent When seen through peat de pths it has a slightly 
bine sha^ of colour. It weighs 252‘43 grains per cubic inch at 00° J ahr. in the air. 
The specific gravity of all substances liquid and solid are Uikeii by their relation to 
water, which is called 1*000 or 1. Its boiling ix)int at 20 02 bar. pressure is 212° 
Fahr. ; it freexes at 32^ and it evaporates at all tempenitures. Its boiling point at 
TjfiOjneters pressure is called 100^ Cent ; freezing point 0° It assumes, therefore, the 
guihus, liquid, and solid states with great facility. The s[)ecific heat of water at 82^ 
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Fahr. is taken as 1000. Water is taken to measure amounts of heat also. The heat 
required to raise 1 gramme of water 1° Cent, is a unit of heat. The amount of heat 
required to raise 1 lb. of water, one degree of Fahr., requires for its evolution the 
expenditure of a mechanical force equal to the fall of 772 lbs. through the Space of 
1 foot. Or 1 gi'amme of water is heated 1° (Cent.) by an amount of heat represented 
by the fall of 423-55 grammes through the space of 1 meter. The latent heat of 
water and the amount required to convert ice at the freezing point into water is 144°, 
or 144-6° Fahr. (80°-80*34° Cent.) The refractive power of water, or its index of refrac- 
tion of light, is 1-336 ; that is, the sine of the angle of incidence is to the sine of the 
angle of refraction as 1-336 to 1. Eefroctive power increases below 39-, although 
density diminishes. Water expands when heated or cooled beyond 39° Fahr., or 3*°9 
Centigrade ; Playfair and Joule give 39-1 ; Fraukenhein, 38*85 ; Pliicker and Gessler, 
38 8. Hope, who discovered the property, gave 39-5. Water freezes in crystals ; one 
form is not unlike Iceland spar, a rhomboid. Hail crystal li.ses in six-sided pyramids, 
base to base ; snow frequently with various stellar radiations. 

Specific gravity of the vapour of water is 0-622 ; it is nine times heavier than 
hydrogen. Water itself is 812 times heavier than the atmospheric air. Water ex- 
pands by heat, between 32° and 212°, 1 in 21*3 volumes. It expands in cooling below 
32°, even if it be not allowed to crystallise. The expansion may be prevented by 
using smooth vessels and preventing disturbance. It may bo cooled in this way to 
about 7° I^ihr. A slight agitation, or the presence of a rough substance, rapidly causes 
it to shoot out cry.stiils in all directions. The spec. gr. of ice is 0*916, it therefore 
floats on water. It expands with irresistible force, bursting asunder iron vessels, 
however strong, in whicli it may bo confined, water-pipes of whatever substance, 
porous stones which may have absorbed it, ;ind vegetable-cells in which it may 
bo enclosed. 

AVuler heated to 212° Fahr. Iwils. Ijong before this period, and even in heating it 
only a few degrees, it gives off bubbles, which are those of air, from which it is never 
found free in nature. At 212° the bubbles of vapour are formed and rise to the sur- 
face. Those hubbies form more readily on certain surfaces ; on metals easily, especially 
if tJu'y are not polished. Gay-Lussac gave the dift\*renco of the boiling point in metal 
and gbi.ss as two degrees. M. Marcet found it raisod to 22 when a glass flask had 
its inner surface coated with a thin film of shell-lac. When water has ceased to boil 
in a glass or porcelain vessel, it will begin again inst-intly if a metallic wire is intro- 
duced. Lough glass and porcelain vessels allow water to boil better than smooth. 
Tlic boiling of water depends on the pressure of the air as well as temperature, as the 
following shows : — 

JJaroinctcr, inches Water boils at dogf-. rain*. 

27- 74 208^^ 

28- 29 200° 

28-84 210° 

20-41 211° 

2902 212° 

;J0G 213° 

This change of boiling point is used to ascertain the height of mountains, 550 feet 
making a difference of 1 degree. In a vacuum water will boil at 67°. In a Papin s 
digester it is raised to 300 or 400 without boiling. 

WATBR-GIiikSS. See Glass, AYatbr. 

WATSUZITG or STUFFS {Moira ffc, Fr.) is a process to which silk and other 
textile falu’ics are subjected, for causing them to exhibit a variety of uudulated reflec- 
tions and plays of light. See Moire. 

WATB&.METSR. An apparatus by which the quantity of water supplied to a 
manufactory or to a house can bo satisfactorily measured. As a description of gas- 
meters has been given, it appears requisite that some notice should be taken of an 
equally important instrument for measuring water. These may be, and are, variously 
constructor The principle upon which they are made is in all cases that which we 
seo in action in a water-wheel, a given quantity of water in flowing performs a given 
quantity of work. 

Siemens and Adamson’s water-meter is shown in the following figures : — 

Fig. 2093 is a plan of a meter, looking on the dial and dial-cap. 

Fig. 2094 is a section of meter, filter, and unions, complete. 

Fig. 2095 is a perspective view of drum or measuring medium, showing the 
adjusting or reguhiting vanes a a a, and water-ways b b b; letters of reference refer 
to similar parts in all the drawings. 

In^. 2094, A is the inlet union of meter for connecting to the Water Company’# 
supply pipe. 15 is the filter-case, c is a filter, which is for the purpose of preTontmg 
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foreim and iiyurioufi substances passing into the drum of meter, d is a filter-case screw, 
whicn connects it with the meter, and is for the purpose of attaching to and detaching 
&om the meter-case, to cleanse the filter c when required, k e is an inner filter, for the 
purpose of preventing any foreign and injurious matter which might pass the first filter, 
c (whether from being broken or from any other cause) from entering into the drum. 

2093 



F is an inlet chamber of the meter-case x, into which the water enters, and is con- 
ducted into the measuring drum h by means of the conducting tube a. o is the inlet 
or conducting tube into drum, u is the drum or measuring medium of meter, which is 
regulated so as to give uniformity of measurement by the adjusting vanes a a. .) i.s 
an oil-cup attached to bottom of drum, which encloses and lubricates the l>ottom of 
spindle k. At the upper end of the oil-cup there is a steel T»oss. which the drum revolves 
upon. K is the bottom spindle, which has a steel pivot, on which the drum revolves, 
and is enclosed by the oil-cup or chamber j. l l is the outlet chamber of the mct(‘r- 

2091 



case X, into which the water is measured or delivered from the drum, and is discharged 
through the outlet end m, n is the outlet union of case, for connecting to the consumer’s 
or imice pipe, o o is the spindle of drum, having a steel boss at the bottom, which 
isivuItm utxm the steel oivot of the soindle x. and a collar ut ton. workine into the 
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German silver bush p. q is a screw attached to the top of the drum spindle, for the 

purpose of giving motion to the wheels of dial-work, and so indicating on a graduated 

dial the number of feet or gallons of water passed tlirough the meter, n is the 

dial work, s s is an oil chamber, which is for the purpose 

of lubricating and protecting the wheels of the dial-work 2095 

from the action of the water, and so preventing any 

foreign substance getting upon and injuring them, t is 

the dial-plate, used for the purpose of making, along with 

the india-rubber washer tt, a sealed or water-tight joint A 

between the oil chamber, where the bottom wheels work, 

and the upper portion or chamber, where the top or 

differential wheels and dial work, v is a dial-cap, screwed / A nllC\\ 

on to the top of mcter-case. w is a glass plate, covering 1^/ (i lifej \ j\ 

dial. X is an outside metal -ease, in which the drum revolves. Cfll Jd' V-/ y) 

T is a bottom plate, for putting in and taking out the drum, r^l ^ / j 

The annexed drawing, fig. 2096, shows the arrangement V \ a 

of the meters to measure large quantities of water in con- \ff3x 

nection with town supply or district mains. The plan 
shown admits of the regular and peHodical examination 
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necessary (for the purpose of repairs) the taking-out of the meter. As it is arranged 
that any two of the meters are of sufficient capacity to deliver the quantity required, 
it will be ^parent that this can bo done while the regular supply is going on. 

Messrs. Walker and Son’s duplex water-meter, figs. 2097 and 2098, is somewhat 
dififerent from this. The water passes into an annular chamber a, in which is a rotator 
arbor, on which are fixed two measuring screws o, with their blades at contrary angles, 
and on the same arbor, between these screws, are two cones, which serve to guide the 
water smoothly on to the screw-blades, and likewise to lift the rotator oiF its lower 
pivot and keep it suspended in its bearings whilst in action, thereby preventing end-pres- 
sure. The water, by means of a partition, is divided as it enters, and it passes over 
the screws at opposite sides in two streams of equal force. In the central compartment 
the water is again divided into two streams, the one descending and passing between 
the blades of the lower screw, and the other ascending and passing between the blades 
of the upper screw ; these two currents join, and the water p.'issos off by the outlet. 

The first example given in some respects resembles a Barker's Mill ; while in the 
other the revolutions of the screws are made to measure the quantity of water passing 
through the meter. 

WATBR8, mUSmAlM, Those waters which contain such a proportion of foreign 
matter as render them totally unfit for ordinary purposes, and give them a sensildo 
flavour, and a specific action upon the animal econoni}', are called mineral waters. 
They are various in their composition, temperalure, and in their effect upon tin' 
system. In regard to temperature they are divi led into warm, thermal, jind cold. 
They are generally so far impregnated with acid or saline bodies as to derive from 
thorn their peculiarities, and are commonly divided into four classes. AcididoKS or 
carbonated waters are characterised by an acid taste, and by the di.scng.igcmoiit of 
gas. They contain five of six times their volume of carbonic acid gas ; their 
salts are muriates and carhonates of lime and magnesia, carbonate or sulpliatc? of 
iron, &c. Saline waters contain, in general, salts of soda, and lime, or of magnesia 
and lime, with carbonic acid and oxide of iron. Chatj/heafe or fcrrvginous waters 
have a decided styptic taste ; the iron is sometimes in the sbite of an oxide, held in 
solution by carbonic acid, sometimes oxi.sts as a sulphate, and somelinn’s lioth as a 
sulphate and carbonate. Sulphureous waters are ea.'^ily recognised ijy tin ir disagrt c- 
aide smell, and their property of Uirnishing silver and copper. 

Dr. Gairdiior, in his * Natural History of Mineral and TlK-rm.-il ;'^i'ring.s,' has en- 
deavoured to generalise the connection between the cuinpusit ion of mineral waters 
and the rock-formations from which they flow: — 1. ‘The salts Inld in solution in 
mineral waters have no connection with the acid, saline, or ('arthy matter which enter 
into the composition of the rocks which they traverse in their passage to the surface 
of the earth. 2. The mineral waters of the primitive formations are almost all 
thermal, and generally posses.s a very high teiii]K rature. Tinir predominant im- 
pregnation is sulphuretted hydrogen gas, free carbonic acid gas, carbonate of soda, 
and, in general, salts with a base of soda, silica, few calcareous salts, except carbonate 
of lime in some peculiar situation.s, and but a small quantity of iron. .'1. The waters 
of the palaeozoic and older secondary’ formations jjarticipate in those belonging to the 
primitive rocks. They art; generally of a lower temperature, though some of them 
are still very hot ; free carbonic acid is much less common, ;ind sulphuretted hydrogen 
is almost entirely absent. Salts of .eoda still pi>!<lomin:ite, but C!irl)onato is not so 
common; sulphate of lime is found in the greater number of these waters; silica 
exists in but two or three example.s. 4. The waters of the newer secondary atnl 
tertiary formations are as distinctly characterised as those of the priiiiitivo recks, 
placed at the other extremity of the series. They are all cold. Proe carbonic acid is 
almost entirely absent. Their predominant ingredients are t he carbonat e and sulphate 
of lime, sulphate of ma.gnesia, and oxide of iron. o. Tlu; traehytic and basaltic 
formations, and modern volcanic rocks, present in their mineral waiters many of the 
circumstances of temperature and composition which an; found in the waters of granite 
and other primitive rocks. Sulphuretted hydrogen, carbonic acid, airbonate of soda, 
carbonate of lime, and silica reappear, and many contain the free sulphuric and 
hydrochloric acids. The sulphate of lime, magnesian salts, and oxide of iron, are again 
wanting. 6. It is often found that the mineral waters of a district ha ve almost the 
same composition, in which case they generally issue from the crystalline and 
independent formations. In other cases they are subject to great- varieties within a 
comparatively limited space, so that waters of a t<3tally different composition rise close 
to each other when they emerge from sedimentary rocks. 

Sir Charles Lyell, in his Address at the meeting of the British Association at Bath, 
stated that, ’Notwithstanding the general persistency in character of mineral waters 
and hot springs ever since they were first known to us, wo find on enquiry that some 
few of them even in historical times have been subject to great changes. These have 
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happened during earthquakes which hare iDeen violent enough to disturb the sub- 
terranean drainage and alter the shape of the fissures up which the waters ascend. 
Thus, during the great earthquake at Lisbon, in 1755, the temperature of the spring 
called La Source de la Reine at Bagn5res-de-Suchon, in the P 3 rreneos, was suddenly 
raised as much as 75° Fnhr., or changed from a cold spring to one of 122° Fahr., aheat 
which it has since retained/ It is also recorded that the hot springs at Bagnires-de- 
Bigorre, in the same mountain -chain, became suddenly cold during a groat earthquake 
wliich in 1660 threw down several houses in that town. It has been ascertained that 
the hot springs of the Pyrenees, the Alps, and many other regions, are situated in lines 
along with the rocks have been rent, and usually where they have been displaced or 
faulted.’ 

In the regions where volcanic eruptions still occasionally occur, hot-water springs 
are found in groat abundance ; sometimes the water of these springs attains a boiling 
temperature, and some emit steam considerably above boiling point. These springs 
aro most conspicuous in districts where, as in Central France, and the Eifel in Ger- 
many, there aro indications that the internal fires have comparatively recently hecomo 
dormant. 

At Carlsbad, in Bohemia, there are some very important mineral springs ; one of 
these is a vc'ry copious stream, gushing forth with great vehemence. Its temperature 
is 165° Fahr. The analysis of Berzelius shows the water of this spring to contain : — 


Sulphate of soda 

. 2-58714 

Carbonate of soda . 

.1 ‘25200 

Chloride of sodium . 

. . . . . 1-04893 

Carbonate of lime . 

. 0;U219 

Fluoride of calcium . 

. 0 00331 

Phosphate of lime . 

. 0 00019 

Carbonate of strontia 

. o-0()097 

„ of magnesia . 

. OT8221 

Phosphate of alumina 

. 000034 

Carbona te of manganese . 

. . . . a trace 

Silex . , . . 

. 0*07504 

Total . 

. 5-46232 


Berzelius found that the substances dissolved by carbonic acid in this spring crystal- 
lise out, when the carbonic acid escapes, independently of the diminution of the 
liquid, but that the magnesia and silicic acid were not deposited until the evaporation 
had Uiken place. 

There arc many celebrated mineral springs in England ; amongst the most im- 
portant may bo enumerated those of Buxton, Harrowgate, Cheltenham, Leamington, 
Tunbridire, Epsom, and Bath. 

Sir Charles Lyell sf^atotl (in the same Address before alluded to) that : — ‘ TIio 
thermal waters oi* Bath arc far from being conspicuous among European hot springs 
for the quantity of mineral matter contained in them in proportion to the water 
which acts as a solvent.’ ‘ Dr. Daubeny, after devoting a month to the analysis of 
the Bath waters in 1833, ascertained that tho daily evolution of nitrogen gas amounted 
to no less t han 250 cubic feet in volume. This gas, ho remarks, is not only charac- 
tcrisiic of hot springs, but is largely disengaged from volcanic craters during eniptions. 
Carbonic acid is another of the gaseous substances discharged by the Bath w.iters.’ 

llie temperature of the Bath waters varies in different springs from 117° to 120° 
Fahr. Prof. Roscoo analysed the Bath waters, more particularly the water of the 
King’s Bath spring: he found it contfiined strontium, lithium, sulphate of ailcium, 
magnesium, and a small quantity of copper. 

l)r. Muspratt, in a letter addressed to the Editor of tho Chemical Nows, said 
‘The thermal springs of Buxton i.ssue from fissures in the calcareous rocks, and 
are attended by often -repeated but suspended volumes of gas, which escape partly 
as large bubbles, and partly in countless minute vesicles of water, giving to the 
liquid freshly collected in glass vessels all the appearance of aerated water. As it 
gurgles up, the water is clear, sparkling, and almost tasteless. The temperature 
is a little above 32° Fahr., and the specific gravity 1 •000339. The most remark- 
a!)le feature of the Buxton water is the very largo quantity of nitrogen which it 
eviscerates.’ 

Cubic inches 
per gaiioii. 

204-00 
8-50 


Nitrogen . 

Free Carbonic acid 
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The analysis made by Dr. Miiepratt of the Buxton water is as follows 


Carbonate of lime, CaOCO^ 8*541 

Carbonate of magnesia, MgOCO- 3*741 

Carbonate of iron, FeOCO* . 0*082 

Chloride of calcium, CaCl 1 ‘227 

Chloride of magnesium, MgCl 0*463 

Chloride of sodium, NaCl 2*404 

Chloride of potassium, KCl 0*260 

Sulphate of lime, OaOSO’ 0*330 

Silicic acid, SiO* 1*044 

Oiganic matter 0*341 

Phosphate of lime and alumina, fluoride of calcium, nitric 

add, dec 1*076 


19*510 

The celebrated Geysers of Iceland arc the hottest known springs in the world. 
From experiments made by Prof, Bunsen, we learn mat at the depth of only 74 feet, 
at the bottom of the tube a column of water may be in a state of 3’cst, and yet possess 
a heat of 120° Cent, or 248 l^^ahr. What then will be the temperature of sucli water 
at the depth of a few* thousand feet ? The Geyser water contains in 10,000 parts : — 


Porclihammor. rfnff. 

Silicic acid 4*09 S (K) 

Soda 1*32 — 

Chloride of -sodium 1*68 1*68 

Sulphate of soda (and magnesia) . . . .0*02 1*32 

Sulphate of lime 0 34 — 

7-96 11*00 


By cooling alone about one-tenth of the silicic acid separates; for the water 
which Forchhammer received in sealed flasks became cloudy, and left that quantity 
of silica. 

WATZOt-FUSBimB MACBZimT TOM MIBBS. Sre lIvunArLic 
Machikkrt. 

WATSB^BOOF CBOTB. See ('aoutchovc. 

WATBBf PirBZFZCA.TZOV OF. This subject has been already dealt with to 
some extent while on the subject of filters, and when speaking of tlje influence of 
animal -charcoal. Spencer, the discoverer of the electrotypes process, appears to have 
made a discovery pro-iing tliat magnetic oxide of iron and the protocarbidc possess the 
property of purifying -water. 

After trying a number of experiments with vai*ious de.'^criptioris of rocks and 
minerals, Mr. Spencer found that those conUiining protoxide of iron (even -wliere it 
was chemically combined with other substances) effected the filtration of w*JiU:r from 
even suspended impurity better than any others. Acting on the idea thus suggesteil, 
he found that the same oxide, when isolated in the state of “ magnetic oxide,’ not only 
freed water from turbidity more effectually than an equal thickness of sand, but 
effected its decolour.ition with marvellous rapidity. On the c»lii('r hand, the earthy 
substances entering into the composition of the sjime rocks, such as silica and aliiiuiua, 
when isolated, were, in the latter respect, perfectly inert. From tliis it was evident 
that the protoxide of iron, as magnetic oxide — a substance which enters into the com- 
position of so many rocks --w*as one of nature’s cliief agents of purification. A most 
striking experiment was made with some bog-water, darker in colour than ordinary 
porter, which had been procured from the soakings of an Aberdeenshire ])eat-bed. 
When brought into contact vrith the ^nagnetic oxide, it was deprived of its colour almost 
instamtaneouslyf and carbon ic acid mbstituied in its place. 

Perhaps the most extraordinary circumstance is that the magnetic filtering medium 
itself suffers no deterwration after any period of operation. Of course, if its surface be- 
comes fouled with slimy impurity, it requires washing. Its proviuct; is confined to 
forcing the oxygen, always present in the w-ater, into combination with the impure 
organic matter, and thus converting it into carbonic add, which gas conferred freshness 
and salubrity on all waters in which it was found. In these results the occult action of 
catalysis was, for the first time in the history of science, brought at will into artificial 
ev^-day operation. 

The magnetic oxide was not to bo understood as ordinary oxide (rust) of iron. It 
was, on the contrary, a black crystalline body, hard but brittle, and analogous, in 
porhapa all respects, to the body formerly termed ‘ loadstone.’ Below redness it 



1101 


WATER, SEA 

npvor oxidised. Though not plentiful as a natural body, Mr. Spencer had succeed^ 
in-, forming it artificially, from several iron ores, at a very reasonable rate. Though 
the magnetic oxide he had obtained from the white carbonate of iron was very effective, 
yet it had a tendency to be reduced to fine powder by attrition. He became apprehen- 
sive, therefore, that this circumstance might ultimately interfere with the rapidity of 
his filtering operations. This led him to seek some mode of procuring an equally 
effective though less friable body. After various experiments, he succeeded be- 
yond his anticipations. By very simple means, he had obtained a magnetic body 
combined with carbon from the hitherto refractory Cumberland haematite. This new 
compound body, which is thus added to metallurgical chemistry, consists of iron, 
oxygen, and carbon — an equivalent of eacli ; its atomic number is therefore 42. It 
is very hard, and when polished, has a black metallic lustre. It is highly magnetic, 
and was said to be as incorrodible as gold or platinum. Its purifying powers were 
stated to be very great. Ii; can be manufactured cheaply. Mr. Spencer named 
it protocarbido of iron. Ho stated that it was not always necessary in practice to 
have an equivalent of carbon combined with the oxide, as a smaller proportion con- 
ferred the requisite hardness, in which case it was prepared more quickly ; but, in 
making, if kept at a low red heat along with uncombined carbon for a longer time, 
the combination took place in equivalent proportions. 

WATZIR, SBA — rendered fresh. The. analyses of sea water which have been 
made at various times, and the results of which will be found elsewhere, prove that 
that liquid conbiiiis from to 4 per cent, of saline substances, 
two-tliirds at least of which are common salt, and also a certain 
quantity of organic matters, all of which substances impart to 
it its well-knowm taste and odour, and render it unfit for drink- 
ing or other domestic purposes. 

To render s(ja water drinkable, and thus avoid the accidents 
r(.‘sulting from an insufficient supply, or from an absolute want 
of fresh water, in sea-voyages, is a problem which may bo said 
to have engaged the attention of men from the very moment 
they ventured to lose sight of the friendly shore and l)OCcuno 
navigators ; gradually, as tlie enlargement of commercial ')pera- 
tioii.s extended the lengtli of sea-voyuges, the difficulty of pre- 
serving in a pure stiite the fresh water taken in store, the 
necessity of putting up at sbitious for procuring a fresh supply 
of it when it is exhausted, the great gain to be realisetl by 
being enabled to devote to the stowage of cargo the valuable 
space occupied l)y -water-tanks and water-casks, have induced 
many people at various times, and for many years past, to 
contrive Jipparatns hy means of which sea water would bo 
rendered fit to drink, or by means of w’hich good fresh w'ator 
could be obtained therefrom. 

i'j’esh water can l)o obtiiined from sea w'ater in two ways: 
tlie one by distillation, the other by passing it through a layer 
or column of sand, or of earth, of sufficient thickness or Jen^h. 

In effect, if sea water be poured at a (/if 2099), into a pipe 1 5 feet 
high, and full of clean dry sand, the w’ater, which will at first 
flow at n, will bo found pretty fresh and drinkable, but as the 
operation is continued, the water which flows at a soon becomes brackish; the 
brackish ness gnulually augmenting, until, in a very short time, the water which 
flows at n is actually more salted than that poured at a ; because the latter dissolves 
the salt which had been first retiiinod by the sand, which must then be renewed, or 
washed with fresh water, a process evidently useless for the purpose in question. 
This phenomenon, according to Berzelius, is due to the interstices between the grains 
of sand acting as capillary tubes; and as, at the beginning of the operation, the effect 
depends more on the attraction than on the pressure of the liquid poured in one of the 
branches of the tube, the salt is partly separated from the water which held it in 
solution, the latter lodging itself into tlie interstices of tlio sand, and filling them ; if, 
when the mass of the sand is completely w'etted, a greater quantity of sea water is 
poured upon it, the w’eight of the said sea water first displaces and expels the fresh 
water ; hut as soon as the interstices of the sand have thus been forcibly filled up with 
sea water, the water flowing at b becomes more and more salted ; wherefore this filtea- 
tion cannot yield more fresh w'atcr than can be contained in the interstices of a column 
of sand of a cerbiin length, and proportionate to the saltnes-s of the sea water. 

Howbeit, the removal of the salt from sea water, so as to obtain fresh water thero- 
from, is, practically speaking, an impossibility, except by evaporation. 

At first sight one would think that it is sufficient to submit sea water to distilla- 
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IMQ to convert it into fresli water, and that the solution of the problem is altogether 
dependent upon a still constructed so as to produce, by evaporation, a great quantity 
of distilled water, with a consumption of fuel sufficiently Small to become practicable. 

Distillation at a cheap rate is doubtless au important item, and fuel being a cum- 
brous and expensive article on hoard, ship, it is superabundantly evident that^ sup- 
posing all the apparatus which have liitherto been contrived for the purpose to answer 
equally well, that one would clearly merit the preference which would produce most 
at least cost ; but there are, besides, other desiderabi of a no less primary importance, 
and it is from having neglected, ignored, or been unable to realise them, that all the 
apparatus for obtaining fresh water from sea w'ater. whicli have been from time to 
time brought before the public, have hitlicrto, Avithout exception, proved total 
failures, or, after trial, have been quite discarded, or fulfil the object in view in a 
way so imperfect or precarious, that, practically speaking, the manuhicture of fresh 
water at sea, or from sea water, may be said to have bei ii, until quite lately, an un- 
accomplished feat. In order to understand the nature of the difficult ies which stood 
in the way of success, a few words of explanation become necessary. 

AVhen ordinar^^ water, whether fresh or salt, is submitted to distillation, the con- 
densed steam, instead of being, a.s might bo supposed, pure, tasteles.s, and odourless, 
yields on the contrar}' a. liquid free from salt, it is true, but of an intolerably nauseous 
and empyreumatic taste and odour which it retains for many Aveeks; it is, moreover, 
insipid, fiat, and A’apid. owing to its Avant of oxygen and carbonic acid, which Avater 
in its natural state })()ssesse.s, and of whicli it has been dejirived by the jwocess of 
distillation. In the absence of ordinary fresh water, this distilled Avater. liowever dis- 
.agreeablo and objectionable it may be, is of course of use so far ns it is fresh, but the 
crews inA'ariably refuse it as long as they can obtain a supply from natunil sources. 

With a A’iew to remedy the defects just alluded to. various means Inm) from time to 
time been proposed and employed; such as the addition of alum, sulphuric and otlicr 
acids, chloride of lime, &c. ; but it is evident that chemical reagents cannot effect the 
object ; but if even they did, their use is always uiusafe, for their continuous and daily 
absorption miglil, and doubtless would, cause accidents of a more or less serious 
nature, not to speak of the trouble and aire recpiired in making such additions. 
Liebig said, with both authority and reason, that, as a general rule, t he use of chemicals 
should never he recommended for culinary (or food) purposes ; for chemicals are 
seldom met. Avith in commerce in a state of purity, and are frequently contaminated 
by poisonous substances. On the other hand, tlie percolation through perforjited 
barrels or coarse sieves, porous substances, plaster, chalk, saml, &c., tlie pumps, 
ventilators, bellows, [igitators, wliich haA^e been proposed to aerate the distilled water 
obtained, and render it palatable, are sIoav in tlieir action, of a difficult, inconvenient, 
or impossible application ; and as to leaving the distilled Avat(‘r to become aerated by 
the agitation imparted to it in tanks or casks by the motion of the ship, tliis inirst be 
continued for a length of time, proportioned of course to the A'igour of the oscillations 
imparted to the ship by the violence of the AvaA^es, and the time thus required is 
always considerable; yet in this way, and finally by pouring the Avater seA^eral times 
from one glass to another before drinking it, it may boi-oine fully aerated, but without 
entirely losing its A'apid and nauseous taste and odour. 

But before proceeding further, it may not be amiss to sjty a few words respecting 
another condition in the construction of marine conden.sing machines, which, from not 
being sufficiently taken into account, frequently ]>uts them sudtlenly out of service, or 
necessitates constant repairs. 

The question which had hitherto been left unanswered, and yet which must be in- 
tegrally solved before success could be lioped for, is the following: — 

To obtain, with a small proportion of fuel, largo quantities of fresh, inodorous, 
salubrious, aerated water, Avithout the lielp of chemical reagents, by means of a self- 
acting and compact apparatus capalde of being worked at all hours, under all latitudes, 
in all weathers and conditions compatible with the existence of the ship itself, and 
incapable of becoming incrusted, or of otherwise going out of order. 

How this complex and diflicult problem was solved by Dr. Normandy Ave now pro- 
ceed to explain : — 

It is a known property of steam that it becomes condensed into Avator again, 
whenever it comes in contact Asrith water at a temperature lower than itself, no matter 
bow high the temperature of that condensing Avater may be. 

It is knoAm that the sea and other natural waters are saturated Avith air containing 
a larger proportioii of oxygen and of carbonic acid tlian the air avc breathe. In effect, 
100 volumat of the air held in solution in water contain from 32 to 33 volumes of 
oxygen, whereas 100 volumes of ordinary atmospheric air contain only 24 volumes of 
oxygen. Again, ordinal atmospheric air contains only of carbonic acid, whereas 
thaau in lolntion in water contains from 40 to 42 per cent, of carbonic acid. 
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Experiments imdortnken with a view to determine the amount of these gases pre- 
sent in water, show ed that this amount yaricd with the state of purity of the water ; 
tliat whilst ordinary rain-water contains, on an average, 15 cubic inches of oxygonised 
air per gallon, it was constituted as follows : — 

Carbonic acid 6‘26 

Oxygen 5-04 

Nitrogen 3-70 


15-00 

Sea water, owing to the various substances which it holds in solution, contains only 
on an average 5 cubic inches of gases, more than one-half of which is carbonic acid ; 
or, in other words, 1 gallon of sea water contains about two-tliirds less gases than 
ordinary rain-water, and one-half less gases than river water. 

It has been ascertained that air begins to be expelled from such natural waters 
when the temperature reaches about 130° Fahr. ; and wo know that when the tem- 
perature reaches 212° Fahr., all the air which it contained has been expelled, and it 
is for this reason that distilled water contains no air. 

The apparatus iiiventod by Dr. Normandy is representoil in Jigs, 2100, 2101. It 
consists of three principal parts - an evaporator, a condenser, and a refrigerator — 
joined so as to form one compact and sobd mass, screwed and bolted, without sol- 
dering or brazing of any kind. The evaporator is a cylinder, partly filled with sea 
water, into which a slicaf of pipes is immersed, so that on admitting steam at a cer- 
tain pressure into these pipes it is condensed into fresh, though non-aerated water by 
the sea water by wdiich the pipes are surrounded, that sea water being thus heated and 
a portion of it evapt)rated at the same time ; for it is one of the properties of steam to 
bo condensed by water, no matter how high the tomperaturo of that water may be, if 
it be only inferior to that of the steam. This non-aerated water becomes aerated, as 
will be explained below. On board steamers, the steam is obtained directly from 
tlio boilers of the shfp; in sailing-vessels it is procured from a small boiler which 
may, or may not be connected vdtli the hearth, galley, or caboose. 

The steam at a pressure being, of course, hotter than ordinary boiling water, serves 
to convert a portion of the water contained in the evaporator into ordinary or non- 
pressure steam, which, as it roaches the pipes in the condenser, b, is resolved into fresh 
aerated water. By thus evaporating water under slight pressure, one fire performs 
doublo duty, and thus the first condition, that of economy, is completely fulfilled, for 
while, in the usual way, 1 lb. of coal evaporates at most 6 or 7 lbs. of water, the same 
quantity of coals, put under the same boiler, but in connection with this apparatus, is 
thus made to evaporate 12 or 14 lbs. of water ; or, in other words, from the same amount 
of coals or of steam employed, the machine which is described will produce double the 
quantity of fresh water that can be obtained by simple or ordinary distillation ; that 
is to say, double the quantity obtained by the ordinary condensers. 

The comparative trials made in 1851) on board H.M. ships the Sphynx, Erebus, 
and Odin, at Portsmouth, before the Commissioners of the Admiralty, most con- 
clusively proved the perfect accuracy of that statement. 

The steam issuing from the evaporator, and which is condensed by the water in 
the condenser, imparts, of course, its heat to the sea water in it ; and as this water is 
admitted cold at the bottom, whilst the steam of the evaporator is admitted at the top 
of the condenser, the water therein becomes hotter and hotter gradually as it ascends, 
and when it finally reaches the top its temperature is about 208° Fahr. 

It has l>eeii already stated that water begins to part with its air at a temperature of 
about 130° Fahr., therefore the greater portion of the air contained in the water 
which flows consbintly and uninterruptedly through the condenser is thus separated, 
and led through a pipe into the empty space loft for steam-room within the evaporator, 
where it mixes -with the stejiiii. 

Now, as about six gallons of sen water must be discharged for every gallon of fresh 
water which is condensed, and as each gallon of sea water contains, as was said before, 
5 cubic inches of air, and whereas the utmost quantity of it that fresh water can 
naturally absorb is 1 5 cubic inches per gallon, it follows that the steam in the evapo- 
rator, before it is finally condensed, has been in contact with twice as much air as 
water can take up, the result being a production of fresh water to the maximum of 
aeration, that is, containing as much air as in pure rain-water. 

Tliis aeration of the water to the maximum and with the air naturally contained 
in the water in its original state, though a condition of the utmost importance, Dr. 
Normandy having failed in removing the odour and taste in question, it became neeear 
sary to try to discover whence came that flavour which no aeration could destroy, 
except after a considerable length of time, and even then never perfectly. Tlmt water 
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has the power of absorbing and dissolving organic matter is, of course, well known, 
but it may be illustrated in a very simple manner, as follows ; — If water, from whatever 
source, be distilled, the distillate will, of course, be fresh water, pure fresh water, but 
it will have a peculiar, nauseous, and empjTeumatic taste and odour, stronger in pro- 
portion as the heat applied to evaporate it has been more elevated; it is that smell and 
taste which render it undrinkable for a while. If, when it has become sweet again 
by long standing, which period may be hastened by agitation in the atmosphere, that 
distilled water be then re-distilled, the distillate will be found to have acquired again 
the same empyreumatic taste and odour as when it was first distilled. How is this ? — 
Because it will, by standing or agitation, have re-dissolved a portion of the air in the 
room in which it was kept, and along with that air it will have absorbed whatever sub- 
stances were present, dissolved or suspended in it, and those substances by their con- 
tact with the heated surfaces of the still, yield an empyreumatic product, which tiiints 
the distillate. On board ships, the water which is stored in for the use of crews in the 
usual way, in the course of about a fortnight becomes putrid and almost undrinkable, 
because the organic matter which that water contains is undergoing putrefactive fei'- 
mentation. But about a month or so tifterw'ards the water gradually becomes sweeter 
and sweeter, until at last it becomes drinkable again; because, eventually, all the 
organic matter which it conUiined becomes decomposed, carbonic acid and wator being 
the result, and although the air of a ship’s hold is none of the sweetest, such wati'r, as 
just said, generally remains afterwards iierfectl}' good and p-'ilatablc ; because, the tanks 
in which it is kept, being covered up, it is sheltered from fresh pollutions, and because 
it is now saturat-ed with pure air, and therefore cannot absorb that of the atnH)s[)hor(*. 

When the natural waters supplied to our habitiitions are olitained from impure 
sources, as is unfortunately too often the case, the evils resulting from their use mny 
in some degree be remedied by putting in practice tlie recommendntion which has 
been sometimes made, of boiling such Avater previous to employing it as a beverage ; 
unfortunately, the water being thereby deprived of air is, like distilled water, though 
in a less degree, unpalatable and vapid and heavy ; it is, in fact, of difficult digestion ; 
but there is something worse than that; water which has been boiled, or which has 
been distilled, by reason of its containing no air, has a great tendency to absorb or to 
take that of the media where it is kept, so that if distilled water whicli contains no 
air be kept in a ship’s hold, or in an impure and confined place, it will al)sorb pre- 
cisely the quantity of air which it can absorb, namely, 15 culac inches per gallon, and 
if that air be loaded with organic particles or impure emanations, it will sf)oii become 
fffitid and putrid. The experiments of Dr. Angus Smith have proved that if a stream 
of air which has already been breathed bo passed through wat er, tbe latter will ret^iin 
a peculiar albuminoid matter which undergoes putrefaction with extraordinary 
rapidity; and the water which condenses on the cold ext(;rior surfaces of vessels in 
crowded rooms possesses the same character, and acquires in a short time aii oftensive 
odour; now this is to a great extent the case Mith tlio water of ordinary eoiuh'nsers 
when allowed to become spontaneously aerated on l»oard ship. Thus water, tliough 
distilled, if kept in .tainted rooms, will soon become foul. The only condition mjces- 
sary for distilled water not to become putrid or offensive is to s itiirate it with jrtirr 
air, because in that case there is no room left for other gas(‘.s to impngnati'. it (at 
least, practically speaking, and in the ordinary conditions of domestic or of i-liip 
economy) and to keep it in covered vessels or tanks. 

Fig. 2100 is a section, alien the same plane, showing the mode of action of the appa- 
ratus, without reference to the real position of its constiiuent parts, 2101 i.s a 

correct front elevation of the apparatus. 

1 shows the large entrance tube for the sea water: this tube is connected to a large 
cock, communicating with the sea through the side or bottom of the ship ; or else flan gi>d 
to a much smaller pipe connected with a pump, by means of Avhich the ap])aratus is 
supplied with water fi’om the sea, which thus penetrates into the refrigerator 3, t hrough 
the tube of communication 4, and thence passes round the sheaf of pipes 15, in the 
said refrigerator, through another communication tube 5, into the condenser 6, as 
shown by the arrows, and up the large vertical tube 8, whence the surplus sea Avater 
pumped up flows away through the pipe 9, in the direction indicated by the arrows. 
The condenser, 6, being thus completely filled up with sea water, on opening the cock 
10, the sea water passing through pipe 11 falls into the feed and priming box 12, and 
thence through pipe 13 into the evaporator 14, filling it up to a certain level, regulated 
by opening or shutting the cock 10 so as to maintain the sea water at the proper 
level in the evaporator 14. 

3, B^rigerator, It is a horizontal case pervaded with pipes 15, placed horizon- 
tally in it. The sea water being introduced into this refrigerator, circulates round 
a fheaf of pipes 15, held between the caps 16, at each end of the said refrigerator, so 
tiiat the frm water which has been condensed in the pipes 23, of the evaporator 1 !, 
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and in the pipes 17 of the condenser 6, is thereby cooled down to the temperature of 
the sea water outside. 
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4, large pipe oonnoeting the pipe 1 with the refrigerator 3 . 

6 , large pipe connecting the refrigerator 3 with tlie condenser 6. 

6, Ckmdenser, It is a cylinder containing a sheaf of pipes 17, into which the non- 
aSrated eteam from the evaporator is condensed by the sea water whicli surrounds 

them, 

7; large outlet tube, used only when the apparatus is put below the level of the 

sea. 

8, large upright tube, which, when the apparatus is placed on deck is turned 
upwards, and is of such a length that the sea water which is forced through the appa- 
ratus by moans of the pump, or otherwise, may be raised a few feet above the whole 
apparatus, so that there may be in the large tube 8, a column of sea water higher than 
the condenser 6, in order to keep it quite full. 

9, overflow pipe for the escape of the excess of sea water. 

10, cock of the feed pipe. 

11, feed pipe, one end of which is inserted in the condenser 6, and the other end in 
the feed and priming box 12. It is through this feed pipe 11, that the sea water is led 
from the top of the condenser into the feed and priming box 12, by opening the cock 
10 to a suitable degree, as said before 1. 

12, feed and priming box. It is a box into which, on opening the cock 10, the .sea 
water supplied from the condenser 6, by pipe 11, passes tlirough pipe 13 into the 
evaporator 14, which is thus fed with the proper quantity of sea water. This feed 
box receives also any priming which might be mechanically projected by or carried 
along witli the steam through pipe 22. In such a case the priming is then returned 
to the ev.aporator 14. through pipe 13. 

13, feed-pipe leading to the sea water to be evapomted in the evaporator 14. 

14, Evaporator, It is a cylinder contsiiniiig a sheaf of pipes 23, willi their caps, 24, 
at each end, immersed in the sea water, part, of wliicli is to bo evaporated. 

15, sheaf of pipes of the refrigerator 3, for the purpose of cooling the fresh water 
produced ; has been already described under No. 3. 

16, caps of the refrigerator 3, so arninged that by mean.s of the divisions reserved in 
the said caps, the steam from the boiler, and that evolved from the evaporator 1 4, are both 
made to travel to and fro through the diiferent pi}»es 15 consecutively, so as eventually 
to flow out in .a mixed and cold state through the cock 32 in the lilter 33, and finally 
through the tuV»e 34 in a perfect state. 

17 , sheaf of pipes placed betw’een the two caps 18 of the condenser 6, for the purpose 
of condensing the aerated steam from the evaj»orator 14. 

18, caps covering the end of the sheaf of pipes 17 placed in tlie eoiub nsor 6, 

19, aerating pipe leading tlie air which separates from the sea water round the 
pipes 17 of the condenser 6 into the steam-room or chamber of tlie evaporator 14. It 
is by moans of this aerating pipe that the fresli water condensed in the condenser 6 
becomes aerated, and this aenilion is accomplished a.s follows - 

As the steam frmn tlie evaporator 14 enters the ]»ipes williin tlie condenser 6 at the 
top thereof, through the pipe 21, it follows that the sea water at the top of the con- 
denser 6 i.s brought, as w'as already said under Na 11, to a tempei*ature which, at the 
top of the said condenser, is as high as 206° or 208° Tuhr. ; this temperature, as we 
also said of No. 11, gradually diminishes from the top downw.ards, but at uzone corre- 
sponding to about the point marked by No. 7. the leinpurature of tlie sea water round 
the sheaf (jf pipt^s 17 is reduced to about 140° Fahr. As the air naturally contained 
in sea water begins to sej>ar»ite therefrom at about 130° lalir., that in the sea water 
round the sheaf of pip(^6 1 7, between No. 7 and the top of the condenser, becoming 
entirely liberated, ascends, by virtue of its lighter weiglit, to tlie top of the said con- 
denser 6 ; it then passes tlirough the aerating pipe 19, and is then poured into tlie steam- 
room 37 of the evaporator 14, wherein it mixes with tlie secondary steam therein pro- 
duced by the evaporating pipes 23. This mixture of air and steam passes then through 
pipes 22 into the feed and priming-box 12, and thence througii pipe 21 into the sheaf 
of pipes 17 . The air Wing there absorbed during the condensation of this secondary 
Steam, w'ith which it was mixed, the condens^ fresh waiter resulting therefrom 
becomes thus Bupcr-aerut«l, and in passing subsequently through the cock 39 of 
pipe 30 into a portion of the pipes 15 of the r(*frigerator 3, it mixes there with 
the non-aerated fresh water, resulting from the steam of liie boiler, which has 
condensed in the pipes 23 of the evaporator 14, which condensed water flows through 
pipe 25 into the steam-trap 26, thence along pipes 29 and 31, and through the 
cock 41, into the other 4 x>ition of pips 15 of the refrigenitor 3. Tlic condensed 
water from the pipes 23 of the evaprator 14 becomes aerated by the excess of air 
contained in the condensed water of the pipes 17 of the condenser, in its passage 
with the latter through the pips 15 of the refrigerator 3, in traversing which the 
AAmKittAd waters axe cooled down to the temprature of the sea water round the said 
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fill 0 , ‘if of pipes in tho refrigerator. And tlio result is, that after p-assing through the 
filter it flows nt 34 in the state of perfectly cold fresh water, thoroughly aerated, and of 
matchless quality. 

20, level to which tho soa water rises in the aerating pipe 19. 

21, pipe conducting tho mixture of steam and air from the feed and priming-bca 12 
into tho sheaf of pipes 17 of tho condenser 6. 

22, pipe leading the mixture of steam and air from the evaporator 14 into the 
feed and primiug-box 12, where any salt water, with which it may be mixed, is 
arrested and returned to the evaporator 14, through pipe 13, while the pure steam, 
pnssing through pipe 21, is next condensed in the slieaf of pipes 17 of the con- 
denser 6. 

23, sheaf of pipes immersed in the sea water 36 of tho evaporator 14, and in which 
pipc.s the steam coming from the boiler through the steam-pipe 35 is condensed, after 
which it flows as distilled but non-mraied l‘re.sh water into the lower cap 24, and 
thence througli pipe 25 into the stoam-tr.ip 26, thence through the pipes 29 and 81 
and cock 41 into the sheaf of pipes 15 of the refrigerator 3. 

24, upper and lower cfips covering the two extremities of pipes 23 of tho evaporator 
14, into which pipes the steam from the boiler diffuses itself, and is condensed, after 
which it flows in tho sbitc of distilled but non-aerated fresh water, through pipe 25 
into the steam-trap 26. and tlionee through pipes 29 and 31 into the pipes 15 of tho 
refrigerabm 3, in which it mixes with the aerated water coming through pipe 30, and 
passing througli pipe 32 into the filter 33, finally issues at pipe 34 in the state of cold, 
matchless, aerated fresh water, bnmediately- Jit for consumptinn. 

25, pipe for tho exit of tho condensed non-aerated fresh water from the sheaf of 
pipes 23, of the evaporator 14, which water, after entering tho steam-trap 26, issues 
therefrom through pipe 29, and then enters tho refrigerator as already said. 

26, steam-trap. It is a box contsiining a float 28, provided with a plunger 
acting in such a way that when tho box contains only steam, or a quantity of con- 
densed water, not suflicient to buoy tho float, it (tho plunger) closes the exit pipe 29 ; 
but as soon as the condensed water has accumulated in quantity sufficient to buoy the 
float up, the plunger, of course, rising with the float, no longer obstructs the exit 
pipe 2'J, and accordingly the condensed water may then escape as fast as it is 
prod licet I . 

27i small pet cock on tho top of the cover of the steam-trap 26. 

28, float already described (26). 

29, pipe leading the condensed non-aerated water from tho steam trap 26, through 
pipe 31, into the pipes 15 of tlio refrigerator 3, in which it mixes with the aerated 
fresh water from the condenser. 

30, pipes loading the condensed aerated water from the pipes 17 of the condenser 6, 
into tho pipes 15 of tho refrigerator 3, in which it mixes with tho non-aerated water 
from the sU*am 26. This pipo is provided with two cocks, 38 and 39, for tho purpose 
of cleaning tho condenser 6. 

31, pipe leading the condensed non-aerated water from pipe 29 into the pipes 16 of 
tho refrigerator, in wliich it mixes with tho aiirated water from the condenser. 

32, exit-pipe and cock, through which tho mixed distilled waters (aerated and non- 
aerated), aft< r passing through tho pipes of the rofrigerator, enter the filter 33. 

33, filter for receiving tho condensed Avater from both the evaporator and the con- 
denser, as they issue in a mixed and cold state from the pipes 15 of tho refrigerator 
3, through cock and pipe 32. 

34, pipo for tlic final exit of the perfect aerated fresh water. 

35, sLeam-pipo and cock leading the steam more or loss under pressure from any 
description of boiler to the pipes 23 of tho evaporator 14. It is connected at one end 
with tlio steam-boiler, and at the other with tho upper cap, 24, of the evaporating 
pipes 23. 

36, sea water, to bo evaporjited by the steam-pipes 23, of the evaporator 14. 

37, steam room, or space into which tho air naturally contained^ in the sea watemsed 
for condensation in tlie condenser 6, is poured through tho aerating pipe 19, 80 as to 
mix with the steam generated by tlio pipes 23 of tho evaporator. 

38 and 39, two cocks on pipe 30, placed between the condenser 6 and the refrige- 
rator 3, for the purpose of cloiiriiig the pipes 17 of tho condenser 6.^ 

40 and 41, two cocks placed on pipo 31, for the purpose of clearing the pipes 23 of 
the evaporator 14, and steam-trap 26. 

42, cock placed betwoen the cap 16 of the refrigerator 3, and the cock 32, tot tbo 
purpose of cleaning the pipes 16 of tho refrigerator 3. 

43, glass water-gauge. 

44, breatliing-pipe. It is a small pipe, one end of which is in coinmunio8tk>]| irith 
the lower cap 18 of the condensing-pipes 17, and the other end it open to tho otmo* 

i, n 2 
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sphere. Tte object of this pipe is not only to remove pressure from the cylinders, but 
likewise to afford an exit for the excess of air generate. 

45, brine cock. 

46, opening reserved in the feed and priming-box. 

The first thing to be done is, of course, to charge the apparatus with sea water. 
This is done by establishing a communication between the apparatus and the sea 
water round the ship. This is easily effected by turning on the large cocks, or Kingston 
valves, connected with the large orifices 2 and 7 (see the figures), whereupon the salt 
water immediately fills up both the refrigerator 3 through the passage 4 and the con- 
denser 6 through the passage 6, up to a certain point 20 of the aerating pipe. 

Opening now the cock 10 of the feed pipe 11 the sea water will pass from the con- 
denser 6 into the feed and priming-box 12 and thence through pipe 13 into the evapo- 
ratop 14, where it should be allowed to rise up to about one third of the glass gauge, 
48, when the cock 10 should be shut up. The apparatus being thus charged with its 
proper quantity of sea water ; the steam-boiler being ready to furnish the necessary 
steam ; and admitting, of course, that the steam-pipe 35 is in communication with 
the said boiler, the next thing to bo done is to open the steam-cock, .35, shutting at 
the same time the cocks, 39, 41, and 32, and opening cocks, 38, 40, and 42, and like- 
wise the small pet cock 27 of the steam-trap 26. On opening the small pot cock 27 
nothing but air will at first rush out; but, presently, steam will issue from it; it 
should then be closed more and more gradually ns the steam is seen issuing from it 
with rapidity ; and it should eventually be left almost, but not altogether, sliut up, so 
as to leave only room for the smallest possible wreath of steam slowly to issue from iu 
As soon as the steam-cock 35 is open, and the steam from the boiler w’ill rush through 
that cock into the sheaf of pipes 23 of the evaporator 14, in which pipes it will be 
condensed by the sea water which surrounds them, and it will tlion flow in the state 
of condensed non-aerated distilled water through the pipe 25 into the stofim-trap 2C; 
lift up the float 22, and passing through pipe 29, will flowthrough cock 40, its further 
progress being intercepted l)y cock 41, which is shut, as said l>eforc. As soon as the 
condensed water flows out in a clear sbite from cock 40, shut it, and open cock 41, so 
that it may pass into the pipes 16 of the refrigerator 3, and out at cock 42. In a few 
moments the condensed water will flow out in a clear state from that cock, 42, which 
should then be closed, opening at the same time cock 32, so that it may pass into the 
filter 33. 

But the steam witliin the she^f of pipes 23 of the evaix)rator 14 soon brings the sea 
water round tliem to the Ixiiling point, and converts part of it into steam. This 
pure secondarj’ steam from the evaporator, issuing then from the j)riming-box 12, 
passesthrough pipe 21 into the pipes 17 immersed in the salt water of the conden.scr G, 
and being condensed in tlie said pipes, is xillowed to flow out at the cock 38 (Mliich 
has been opened at starting), as long as it is not clear. In a short time, however, it 
will flow out from that cock 38, in a perfectly clear state ; when tliis Uikes place shut 
this cock 38, and open cock 39, whereupon it will flow into the pipes 15 of the refrige- 
rator 3, in which pipes it will mix with that coming from the ]>ipes 23 of the evaporator 
14, and flow with it through the said pipes 15, and tlience into tlio Alter 33 through 
the cock 32, the whole issuing finally from the filter 33 through pipe 34, in the state 
of perfectly aerated fresh water. 

From this brief description of Dr. Normandy’s marine fresh-watcT apparatus it may be 
seen that a quantity of freshwater is produced alwui/s dovhh that wliich can be evaj^o- 
rated from any boiler whatever, and indeed ]>y increasing the number of evapor.itors 
1 lb. of coals may thus be made to yield 30 or 40 lbs. of fn sh water of matchless 
quality. The small volume of tlie apparatus, the large quantity of fresh aerated water 
which it produces, at an extremely small co.st, its jx-rfect safety, i>ornianent (jrder, 
and the ease wdth which it Ciin bo disconnected, and all its parts reaehcMl, not only 
render it pre-eminently suited to naval purposes, but likewise to siieli stations or 
places as are deficient in one of the first necessaries of life, salubrious fresh water, or 
where it ctinnot be obtained at all, or only in an insufficient, precarious, or expensive 
manner. 

WATTU MAaOL. See Bakk. 

WAX {Cire^ Fr. ; WacAs, Gcr.) is the substance which forms the cells of boos. 
It was long suppos^ to bo derived from the pollen of plants, swallowed by these 
insects, and memy voided under this new form ; but it has been proved by the expe- 
riments, first of Mr. Hunter, and more especially of M. Huber, to be the peculiar 
secretion of a certain organ, which forms a part of the small sacs situated on the sides 
of the median line of the abdomen of the bee. On raising the lower segments of the 
abdomen these sacs may be observed, as also scales or spangles of wax, arranged in 
ptm upon wch segment There are none, however, under the rings of the males 
‘a » — 1 — Ai* rknii/*hftii ! for the first 
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and the last wing are not provided with them. M. Huber satisfied himself by precise 
experiments that bees, though fed with honey or sugar alone, produced nevertheless 
a very considerable quantity of wax ; thus proving that they were not mere collectors 
of this substance from the vegetable kingdom. The pollen of plants serves for the 
nourishment of the larvae. 

But wax exists also as a vegetable product, and may, in this point of view, be 
regarded as a concrete fixed oil. It forms a part of the green fecula of many plants, 
particularly of the cabbage ; it may be extracted from the pollen of most flowers, as 
also from the skins of plums and many stone-fruits. It constitutes a varnish upon 
the upper surface of the leaves of many trees, and it has been observed in the juice 
of the cow-irac. The berries of the Myrica angustifolia, M. latifolia, as well as the 
M. ccrifera, afford abundance of wax. 

Bees’ wax, as obtained by washing and melting the comb, is yellow. It has a 
peculiar smell, resembling honey, and derived from it, for the cells in which no honey 
has been deposited yield a scentless white wax. Wax is freed from its impurities, and 
bleached, by melting it with hot water or steam, in a tinned-copper or wooden vessel, 
letting it settle, running off the clear supernatant oily-looking Hquid into an oblong 
trough with a line of holes in its bottom, so as to distribute it upon horizontal wooden 
cylinders made to revolve half immersed in cold water, and then exposing the thin 
ril iboris or films thus obtained to the blanching action of air, light, and moisture. For 
this purpose the ribbons are laid upon long webs of canvas stretched horizontally 
b('twet:ii stiindards, 2 feet above the surfaco of a sheltered field, having a free 
('Xpo.sure to the sunbeams. Here they are frequently turned over, then covered by 
nt ts to prevent their being blown away by winds, and watered from time to time, like 
linen upon the grass field in the old method of bloiiching. Whenever the colour of 
tile, wax seems stationary, it is collected, re-melted, and throwm again into ribbons 
upon the wet cylinder, in order to expose now surfaces to the bleaching operation. 
]3y several repctilions of those processes, if the weather prov(;s favourable, the wax 
eventually loses its yellow tint entirely, and becomes fit for forming white candles. 
If it bo finished under rain, it will become gre^' on keeping, and also lose in weight. 

Ill France, where the purification of wax is a consideralilo object of manufacture, 
nbout 4 ounces of cream of tartar or alum are added to the water in the first 
ruelting-coppcr, and the solution is incorporated with the wax by diligent manipula- 
tion. Tlie whole is left at rest for some time, and then the supernatant wax is run 
off into a settling cistern, whence it is discharged by a stopcock or tap over the 
wooden cylinder riwolving at the surface of a large water-cistern, kept cool by passing 
a stream continually through it. 

Tile blcachod wax is finally melted, strained through silk sieves, and then run into 
circular cavities in a moistened toble, to bo cast or moulded into thin disk piec&s, 
weighing from 2 to 3 ounces each, and 3 or 4 inches in diameter. 

Bcither chlorine nor even the ehloridc.s of lime and alkalis can bo employed with any 
advantage to bleach wax, because they render it brittle, and impair its burning quality. 

Wax purified as above is wliite and translucent in thin segments ; it has neither 
taste nor smell; it has a specific gravity of from 0 960 to 0’996 ; it does not liquefy 
till heated to lo4.\° Fahr. ; but it softens at 86°, becoming so plastic that it may be 
moulded by the liaiid into any form. At 32^^ it is hard and brittle. 

It is not a simple subsUince, but consists of two species of wax, which may bo easily 
separated by boiling alcohol. The resulting solution deposits, on cooling, the waxy 
body called ccrine. The undissolvod wax being once and again tretited with boiling 
alcohol, finally affords from 70 to 90 per cent, of its weight of corino. The insoluble 
residuum is the myricine of Ur. .lohn, so called because it exists in a much larger pro- 
portion in the wax of the Myrica cerifera. It is greatly denser than wax, being of ^e 
same specific gravity as water ; and' may be distilled without decomposition, which 
corino undergoes. Professor B. C. Brodie made an extensive series of researches 
into the constitution of w'ax. lie applies the name ceroiic acid to cerine, and repre- 
sents its formula as Pure myricine ho considers to be repre-^ 

sented by (C^“K®'0-). Myricine is a palmitate of myricyl. 

Wax is adulterated sometimes with starch ; a fraud easily detected by oil of turpon* 
tine, which dissolves the former and leaves the latter substance : and more frequently 
with mutton-suet This fraud may be discovered by dry distillation ; for wax does 
not thereby afford, like tallow, sebasic acid (benzoic), which, is known by its occa- 
sioning a precipitate in a solution of acetate of load. It is said that 2 per cent of 
a tallow sophistication may bo discovered in this way. 

Wax is sometimes adulterated with stearine, which can be detected, according Uj^r 
Lobel, even when only iu l-20tli part. It may be recognised by dissolving the.spea- 
mens in two pm’ts of oil, agitating with water, and adding acetate of lead. The pfO* 
cipitate thus obtained is said to e^ibit a veiy high degree of solidity, 
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Wax Imparted in 1878 : — 42,689 tons ; value, 221, 951^ 

Wax E:i^ri€d in 1873: — 20,260 cwts. ; value, 104,600/. 

WJUL OAJTB&as. Wax conUiins 81*75 parts of carbon in 109, which genernto 
by eombnstion 300 parts of carbonic acid gas. Now, since 125 grains of wax constitute 
the average consumption of a candle per hour, these will generate 375 grains of car- 
bonic acid ; equivalent in volume to 800 cubic inches of gas. According to the most 
exact experiments on respiration, a man of ordinary size discliarges from his lungs 
1,632 cubic inches of carbonic acid gas per hour, which is verj^ nearly the double of 
tlie quantity produced from the wax candle. Bence the combustion of two such 
candles vitiates the air much the same as the breathing of one man. A tallow candle, 
three or four in the pound, generates nearly the same qiiantity of carbonic acid as the 
wax candle; for though tallow contains only 79 per cent, of carlwn, instead of 81*75, 
yet it consumes so much faster, as thereby to compensate fully for this difference. 

When a tallow candle of 6 to the lb. is not snuffed, it loses in intensity, in 30 
minutes, SO-hundredths, and in 39 minutes, 86-hundredths; in which dim shite it 
remains stationaiy, yet still consuming nearly the same proportion of tallow. A wax 
candle attains to its gro^itest intensity of light when its wick has reached the /^cutest 
length, and begins to bend out of the flame. The reason of this difference is, that 
only the lower part of the wick in the tallow candle is charged with the fat, so as to 
emit luminiferous vapour, while the upper part remains dry; whereas, in the wax 
candle the combustible substance being less fusible and volatile, allows a greater 
length of the wick to be charged by capillary attmetion, and of course to omit a longer 
train of light. 

WBAVnrO {Tmape^Vr.', Weherci, Grer.) is performed by the implement called 
loom in English, metkr a tisser in French, and Wcherstuhl in German. The process of 
warping must alw’ays precede weaving. Its object is to arrange all the longitudinal 
threads, which are to form the chain of the web, alongside of each other in one 

parallel plane. Such 
a number of bobbins, 
filled with yarn, mu.‘<t 
therefore be taken as 
wtII furni.vh the quan- 
tity required for tlie 
length of the inl.emled 
piece of cloth. One- 
sixt.li of that number 
of bobbins is usual !y 
mounted at once in the 
warp mill, being set 
loosi'ly in a horizontal 
direction upon wire- 
skewers, or spindles, in 
a .•square frame, so that 
tln-y may revolve, and 
give oft' the yarn freely. 
The warper sits at a, 
fig. 2102, and causes 
the reel to revolve, 
by turning round w’ith 
his hand the wheel n, 
with the endlcsB rope or band d. The bobbins filled with yarn arc placed in the 
frame e. There is a sliding piece at f, called the herk box, which rises and falls 
by the coiling and uncoiling of the cord g, round the central shaft of the r(;of h. By 
this simple contrivance the baud of warp-yarns is wound spirally from top to bottom 
upon the reel, i, i, i, are wooden pins which separate tlie different bands. Most 
warping-mules are of a prismatic form, having twelve, eighteen, or more sides. The 



reel is commonly about 6 feet in diameter an<l 7 feet in height, so as to 8er^*e for 
measuring exactly upon its periphery the total length of the warp. All the threads 
from the frame x pass through the heck f, which consists of a series of finely-polished, 
haid-tempered steel pins, with a small hole at the upper part of ejich to receive and 
guide one thread. The heck is divided into two parts, either of which may be lifted 
hy a small handle below, while their eyes are placed alternately. Hence, when one of 
them is raised a little, a vacuity is formed between the two bands of the warp ; but 
when the other is raised, the vacuity is reversed. In this way the lease is produced 
at each end of the warp, and it is preserved by appropriate w’ooden |iegs. Tlie lease 
bring earefuUy tied up aifTords a guide to the weaver fur inserting his lease-rods. Tlie 
. - A ^ right, till a 
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sufficient number of yarns are coiled round it to form the breadth that is ^wanted ; Aa 
vrarper’s principal care being to tie immediately every thread as it breaks, otherwise, 
deficiencies would be occasioned in the chain, injurious to the appearance of the web, 
or productive of much annoyance to the weaver. 

Fig. 2103 shows another form of warping-mill, known as the beam- warping machine, 
and generally in use for yarns above 20s. in counts, us by its use more perfect work 
can bo produced, and at a less cost than on the vertical warping-mill, ft is supi)lied 
with a letting-back motion, whereby, when a thread is broken, Uie motion of the wind- 
ing-on beam, or drum, is reversed, and by the aid of a simple arrangement of falling 
iron rods, the thread may be easily found and reunited. It has also a self-acting mea- 
suring and stopping motion, by means of which the machine is promptly stopped the 
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moment the proper length of yam is wound on to the weavers’ warp-beam. The drum 
on which the Avetivcrs’ beam revolves, is so constructed as to suit any length of beam, 
by being expanded or contracted. A comb or raithe, on the expanding or contracting 
principle, guides the threads with precision on to any length of beam. As a rule, 
young women are preferred to men for working this machine. 

AVdicn a warp has been made, it requires to be sized before it is r^dy for the 
loom ; for that purpose, it is taken as a ball from the vertical warping-mill, Jig. 
2102, and sized in a sizing-trough, and then dried by being passed over a nuinber of 
hot cylinders, when it is wound by the beamer into the weavers’ beam, and then, 
having been drawn in or twisted in to the hoalds and reeds, is ready for the loom.^ 

In the CJiso of a warp made in the horizontal or beam-warping machine, it is at 
once wound on a beam, and thence taken to the slasher sizing-machine, where, 
forming one of six or eight beams, its yarn is passed through the <j)erations of 
sizing and drying, in one passage, and at once wound on to the weavers beam, and is 
then ready to have attjiched the healds and reeds in the ordinary manner. 

Fiq. 2104 shows the slasher sizing-machine, as made by Messrs. Hamson and Sons, 
iiuicliinists, Blackburn. This machine is sufficient to size for 300 slurting-lTOms, 
.and is managed by one man. The yarn is taken from the weavers (8) beams shown 
in fiq. 2103, and passed tlirough boiling size, and then over the two cylinders, 
which are heated by steam, and h.'iving been dried by them, is at once wound on 
to the weavers’ beam. The stand on which the warpers beams are placed, is made 
so as to be adjust! ble to any length of beam. The flanges of the beams aw ox 
lined iron, and are convex on the inner side, to allow the yara to beam 

freely. The boiling box through which the yarn passes, is l^med with w 

prevent oxidisation. The rollers in the box are hoo]^ at the entu witli bras^ 
and run upon brass pullies, thus saving the roller ends, and mroducing a smootn 
morion. The size roller, or squeezer, is of heavy copper, without a seam, being 
cast solid, afterwards bored, and then expanded on a mandnl to the proper dia^ 
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meter. being made soamloss, the acid in the size does ndt effect any brazed 



part, and by being thick 
and lieavy, the rollers last 
longer and squeeze better. 
[I'he machine is supplied with 
an apparatus which pre- 
vents any undue tension on 
the yarn while in a wet state ; 
the elasticity of the yarn is 
thus retained, and broken 
threads in weaving largely 
prevented, thus securing 
(jiiantity and quality in the 
loom. By the introduction 
of syphon-boxes and a self- 
acting apparatus to admit 
only a definite and certain 
quantity of steam into the 
cylinders, economy is effected 
in the consumption of steam. 
The machine itadf gives no- 
tice, by ringing a bell, when 
a given lengtli of yarn is 
sized, and also marks the 
length of a cut : an expanding 
comb guides the even and 
shcct-like threads on to the 
weavers’ beam. 

The simplest and probably 
the most ancient of looms 
now’ to be seen in action is 
that of the Hindu tavtif, 
shown in jig, 2105. It con- 
sists of two bambo(.) rollers : 
one for tlie w'arp, and another 
for the w'ovcn cloth ; ■with a 
pair of heddles, for parting 
tlio warp, to permit the weft 
to bo drawn across between 
its upper and under threads. 
The shuttle is a slender rod, 
like a large netting-needle, 
rather longer than the wel) 
is broad, and is made use of 
as a batten or lag, to strike 
homo or condense each suc- 
cessive thread or weft, against 
the closed fabric. The Hindu 
carries this simple imple- 
ment, with his water pitcher, 
rice pot, and hooka, to the 
foot of any tree which can 
afford him a comfortable 
shade ; ho there digs a large 
bole, to receive his legs, 
along with the traddles or 
lower part of the harness; 
ho next extends his warp, by 
fastening his two bamboo 
rollers at a proper distance 
from eiicli other, with pins, 
into the sward ; he attaclies 
the heddles to a convenient 
branch of the tree overhead : 
inserts his great toes into 
two loops under the gear, to 
serve him for treddles j lastlyi 
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he sheds the warp, draws through the weft, and heats it close up to the web with 
his rod shuttle or batten. 



The European loom is represented in its plainest state, as it has existed for several 
centuries, in jig. 2106. a is a warp- beam, round which the chain has been wound ; b 
represents the flat rods, usually 
three in number, which pass across 
between its threads, to presence the 
lease, or the plane of decussation 
for the weft ; c shows the heddles 
or healds, consisting of twines 
looped in the middle, through w’hich 
loops the warp-yarns are drawn, 
one-half through the front heddlo, 
and the other through the back 
one ; by moving wdiich, the decus- 
sation is readily effected. The 
yarns then pass through the dents 
of the reed under d, which is set in 
a move^ible sw'ing-frame e, called 
the lathe, lay, and also batten, be- 
cause it hmts horacj the weft to the 
web. The lay is freely suspended 
to a cross-bar f, attached by rulers, 
called the swords, to the top of the lateral standards of the loom, so as to oscillate 
upon it. The w’caver, sitting on the bench o, presses down one of the trcddles at h, 
with one of his feet, w'hereby ho raises the corresponding heddle, but sinks the alternate 
one ; thus sheds the warp, by lifting and depressing each alternate thread through a 
little space, and opens a pathway or race-course for the shuttle to traverse the middle 
of the warp, upon its two friction rollers m m. Eor this purpose, he lays hold of the 
picking-peg in his right hand, and with a smart jerk of his wrist drives the fly-shuttle 
swiftly from quo side of the loom to the other, between the shed warp-yarns. The 
shoot of weft being thereby left behind from the shuttle pirn or cop, the weaver brings 
home, by pulling the lay with its reed towards him by his left hand, with such force 
ns the closeness of the texture requires. The web, as thus woven, is wound np by turn- 
ing round the cloth beam i, furnished with a ratchet-wheel, which takes into a holding- 
tooth, The plan of throwing the shuttle by the picking-peg and cord, is a groat im- 
provement upon the old way of throwing it by hand. It was contrived upwards of a 
century ago, by John Kay, of Bury, in Lancashire, but then resident in Colchester, 
and was called the ‘ fly-shuttle,’ from its speed, as it enabled the weaver to make double 
the quantity of narrow cloth, and much more broad cloth, in the same time. 

The cloth is kept distended during the operation of weaving, by means of two 
pieces of hard wood, called ' a templet,’ furnished with sharp iron points in their endi^ 
which take hold of the opposite salvages or lists of the web. The warp and web ar^ 
kept longitudinally stretched by a weighted cord, which passes round the warp-beam, 
and which tends continually to draw back the cloth from its beam, where it is held 
fast by the ratchet-tooth. See Fustian, Jacquard Loom, BEBii, and Textile Fabrics. 
ihe greater part of plain weavingi and much even of the figured, is now performed 
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by the power-loom, called mktUr mecaniqtic a tisscr in French. Fig. 2107, represents 
the cast-iron power-loom of Sharp and Koberts. a, a are the two side uprights, 
or standards, on tlio front of the loom, d, is the grciit arch of cast iron which binds 
the two sides together, e, is the front cross-beam, terminating in the forks r, e ; whoso 
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ends are bolted to the opposite standards a, a', so as to bind the framework most firmly 
toj^ther. g', is the breast beam of wwd, nearly square ; its upper surface is sloped 
a little towatiis the iW)nt, and its edge rounded ofiT for the web to slide smoothly over 
it in its progress to the cloth beam. The beam is supported at its end upon brackets, 
* ^ * a i-t., V. 14 .- ^ /iinfh beam, a wooden cylinder mounted 
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with iron gndgf^ons at its ends, that on the right hand being prolonged to carry the 
tooth winding wheel h'. Idy is a pinion in gwir witii n'. ii", is a ratchot-wheelf 
mounted upon the same shaft A'", as the pinion A'. A", is the click of the ratchet-wheel 
h". A'", is a long bolt fixed to the frame, Bcr\*ing as a shaft to the ratchet-wheel h", 
and the pinion A', i, is the front Iieddlc-leaf, and i', the hack one. j, j, j', jacks or 
pulleys and straps for raising and depressing the loaves of the heddles. J , is the 
iron shaft which cjirrios the jack or system of pulleys, j, j, j', j'. x, a strong wooden 
ruler, connecting the front hcddlo with its treddle. i., l', the front and rear marches 
or troddlo pieces for depressing the hoddle-loaves alternately, by the intervention of 
the rods k (and A', liid behind A), m, m, are the two swords (swing bars) of the lay or 
batten, n, is the upper cross-bar of the lay, made of wood, and supported upon the 
squares of the levers «, to which it is firmly bolted, u', i.s the lay-cap, which 
is placed higher or lower, according to the breadth of the reed ; it is the part 
of the lay which tlio hand-loom weaver seizes with his hand, in order to swing it 
towards liim. is the reed contained between the bar n, and the lay-cap n'. o, o, 
are two rods of iron, perfectly round and straight, mounted near the ends of the 
batten-l)nr n, which servo as guides to the drivers or peckers a, o, which impel 
the sliuttle. These are made of bufFalo-liido, and should slide freely on their guide- 
rods. o', o', are the fronts of the shuttle-boxes; they have a slight inclination 
backwards ; p is the back of them. (See figs, 2108 and 2109.) o", o", are iron plates, 
forming tlio bottom of tlio shuttle-boxes, jp, small pegs or pins, planted in the 
posterior faces r {fig. 2107) of the boxes, round which the levers p' turn. These 
levers are sunk in the substance of the faces p, turneil round pegs being pressed 
from without inwards, by the springs 7)'. r>\fig, 2107 (to the right of x), is the whip 
or lever-end ; q", its centre of motion (corresponding to the right arm and elbow of 
the weaver), which serves to throw the shuttle by moans of the pecking-cord j?", 
attached at its other end to the drivers o, o. 

On the axis of q", & kind of excontric or heart wheel is mounted, to whose concave 
part, the middle of the double band or strap r, being attached, receives impulsion ; its 
two ends are attached to the lieads of the bolts /, which carry the stirrups r", that 
may be adjusted at any suitable height, by sot screws. 

s (see the left-hand side of fig. 2107 ) is the moving shaft of wrought iron, resting 
on the two ends of the frame, s' (see the right-hand side), is a toothed wheel, 
mounted exteriorly to the frame, iipon the end of the shaft s. s" (near s'), are two 
equal ellxiws in the same direction, and in the same plane, as the shaft s, opposite to 
the swords m, m, of the lay. 

z, is the loose, and z', the fast pulley, or riggers, which receive motion from the 
steam-shaft of the factory, z', a small fly-wheel, to regulate the movements of the 
main shaft of the loom. 

T, is the shaft of the excentric tappets, cams, or wipers, which press the treddle- 
levers alternately up and down ; on its right end is mounted t', a toothed wheel in 
gear with the wheel s', of one half its diameter, t', is a cleft clamping collar, which 
serves to support the shaft t. 

t7, is a lover which tiirn.s round the holt as well as the clink A". the click of 
traction, for turning round the cloth beam, jointed to the upper extremity of the lever 
r ; its tooth w', catches in the teeth of the ratchet-vdieel h". u" is a long slender rod, 
fixed to one of the swords of the lay m, ser^dng to push the lower end of the lever o, 
when the lay retires towards the heddle-leaves. 

X, is a wrought-iron shaft, extending from the one shuttle-box to the other, supported 
at its ends by the bearings, .r, x. 

Y, is a bearing, affixed exteriorly to the frame, against which the spring bar z rests 
near its top, hut is affixed to the frame at its bottom. The spring falls into a notch 
in the bar y, and is thereby held at a distance from the upright a, as long as the band 
is upon tile loose pulley c ' ; but when the spring bar is disengaged, it falls tow^s A, 
and carries the band upon the fast pulley r, so as to put tlio loom in gear with the 
steam-shaft of the factory. 

Weaving, by this powerful machine, consists of four operations ; 1, to shed the warp 
by means of the heddle-leaves, actuated by the tappet-wheels upon the axis q', the 
rods A, A', the cross-bar x, and the eyes of the heddle-leaves i, 1 '; 2, to throw the 
shuttle (see fig. 2107), by means of the weft lever p", the driver cord p, and the 
pecker 0; 8, to drive home the weft by the batten n, n'; 4, to unwind the chain from 
the warp beam, and to draw it progressively forwards, and wind the finished web upon 
the clotli beam h, by the click and toothed wheel mechanism at the right-hand 
side of the frame, 

8oe ConoN, Plax, Textile Fabrics, &c. 

wuvxsra my XXJBCTUCZTY. So long ago as 1852, M. Bonelli am- 
Btmcted an electric Iooili which was exhibited at that time in Turin ; but the fint trial 
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to which the machine was submitted gave but small hope to those who saw it that the 
inventor would succeed in his object The public trial at Turin, in 1853, in the 
presence of manufacturers, was not so successful as to remove all doubts as to the 
merits of the novel apparatus. In the following year it was submitted to the judg- 
ment of the Academy of Sciences at Paris, who apix)intcd a committee to examine it, 
but it is believed that no report was ever made. In 1855, a model of the looin had a 
place at the Universal Exhibition of Paris, but the lateness of its arrival there prevented 
any official report being made in reference to its merits. M. lionelli afterwards 
devoted much time and attention in endeavouring to remedy its defects and to perfect 
its working, so as to render it capable of holding its place in tlio factory. This 
M. Bonelli believed he had at last accomplished, and ho brought over to this country 
not merely a model, but a loom in complete working order, wliicli he submitted to 
the judgment of manufacturers, as a machine, wliicli, from its economy and efficiency, 
might be put in favourable comparison w'ith the .lacquanl loom. 

In the first place, it must bo understood that the special olject of M. Bonclli’s 
machine was to do away with the necessity for the Jacquard cards usc'd to produce the 
pattern at the present tim(', the source of delay and very considerable cost, more 
especially in patterns of any extent and variety of treatment. M. Bonelli used an 
endless band of paper, of suitable wddth, the surface of which is covered with tin-foil. 
On this metallisca surface, the required pattern is drawn, or ratlicr painted with 
a brush in black varnish, rendering the parts thus covered non-conducting to a cuiTcnt 
of electricity. This band of paper, bearing the pattern, being cfiused to pass under a 
series of thin metal teeth, each of which is in connection with a small electro-magnet, 
it will bo readily conceived that as the band passes under these teetli, a current of 
electricity from a galvanic battery may be made to pass through such of the teeth as 
rest on the metallised or conducting portion of the band, and from such teeth, through 
the respective coils, surroundingsmall bars of soft iron, thus nmdering them tein}X)rary 
magnets, while no current pisses through those connected with the tooth resting on 
the varnished portions. Thus, at every shift of the band, each electro-magnet in 
connection witli the teeth becomes active or remains inactive according to the varying 
portion of the pattern which liappon.s to bo in contact w'itli the teeth. In a moveable 
frame opposite the ends of tbe electro-magnets, which, it should be stated, lie in a 
horizontal direction, are a series of small rods or pistons, as M. Bouclli termed them, 
the ends of which are resjKictively opposite to the ends of the electro-magnets. Tlieso 
pistons are culpable of sliding horizontally in the frame, and pass through a plate 
attached to the front of it. When this frame ismoA’cd so that the ends of the pistons 
are brought into contact with the ends of the elect ro-magiuts thej^ are seized by such 
ot them as are in an activi; sbitc, and on moving the frame forward, those are retained 
while the others are carried back with it, ami, by means of a simple mecliaiiical 
arrangement, becomes fixed in their places ; thus there is in front of the frame a plate, 
with holes, W'hich are only open where the pistons have been witlidrawn, and this 
plate, as will be readily understood, acts the part of the Jacquard card, and is suitalde 
for receiving the steel needles which govern the hooks of the Jacquard in connection 
with the warp threads as ordinarily used. 

The ordinary Jacquard cards are shown in tlie following woodcut, /y. 2110. 

Instead of this arrangement, whicli will be understood I »y reference to the article 
Jacquard, M. Bonelli, as we have said, instead of the cards prepan s his design on 
metal foil, in a resinous ink, w hich serves to interrupt the current, and tiius effect the 
object of the machine. 

h'igB. 2110 and 2111 explain generally the arrangements by which the process is 
effected. 

2110, represents the plate pierced with holes, which plays the part of the card. 
Each of tlie small pistons or rods, 5, forming the armatures of the electro-magnets 
c, have a small head, affixed to the end, exactly opposite the needles, c, of the 
Jacquard, and are capable of passing freely through the holes of the plate, a. At a 
given moment the plate is slightly lowered, w hich prevents the lieads of the pistons 
passing, and the surfiice of the plate then represents a plain card. The pistons 
are supported on a frame, //, which allows them to move horizontally in the 
direction of their length. At each stroke of the shuttle, the frame, carrying witli it 
the plate A, has, by means of the treddle, a reciprocating motion b^kwards and for- 
wards, and in its backward movement presents the end of the pistons to one of the 
poles of the electro-magnets, and, by mcjins of certain special contrivances, contact 
with the magnets is secured. WTien the frame, //, returns with the plate a towards 
the needles of the Jacquard, the electro-magnets, which become temporarily mag- 
netised by the electric current, hold back the pistons, the heads of which puss through 
tbe plate a, and rest behind it. On the other hand, tlie electro-magnets which are 
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pistons to be carried back, their heads remaining outside the plate and in front of it. 
At this moment, the plate, by means of an inclined plane beneath it, is lowered 
slightly, thus preventing the heads of the pistons passing through the holes, by the 
edges of which tliey are stopped, so as to push against the needles of the Jaoqua^ ; 



on the other hand, the heads of the pistons which have passed within and to the back 
of the plate, leave the corresponding holes of the plate free, and the needles of the 
Jacquard which are opposite to them are allowed to enter. 

The electro-magnets are put into circuit in the following manner: One of the ends 
of the wire forming the coil of each of the magnets is joined to one common wire in 
connection with one of the poles of a galvanic battery. The other end of the coil- 
wiro of each magnet is attached to a thin metallic plate, w, having a point at its lower 
extremity. All these thin metallic plates are placed side by side, with an insulating 
niateriul betw'een them, formed like the teeth of a comb, n n. At a given time, these 
thin plates rest with their lower extremities on the shoot bearing the design p, which, 
in the form of an endless band, is wrapped round and hangs upon the cylinder, q, and 
according as the thin mutal-plate rests on a metallised or on a non-conducting portion 
of tho design, the corresponding electro-magnet is or is not magnetised, and its corre- 
sponding piston does not or does press against the needle of the Jacquard. The wire 
from the other polo of the battery of course communicates with the band bearing the 
design, by being attached to a piece of metal, which lies in constant contact with the 
metallic edge of tho band. At B is a contact-breaker, which is^ put in motion by the 
movement of the frivme. Besides this, by means of a mechanical arrangement con- 
nected witli tlio treddle, which raises or depresses the gritf frame, the band bearing 
the design is carried forward at each stroke, and the rapidity with which it is made 
to trjivel can readily be regulated, by means of gearing, at the will of the workman. 
By regulating the speed of tho band, and by the use of thicker or thinner weft, an 
alteration in tho character of the woven material may be made, whilst the samo 
design is produced, though in a finer or coarser matoiial. 

Such are the arrangements by which the loom will produce a damask patteniy 
one arising from the use of two colours, one in the warp, and the other in the wefU 
The method adopted by M. Bonelli for producing a pattern where several colona m 
required will now bo explained. 

The design is prepared on the metallised paper, so that the coloued putt ixe' 
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repretfonted by tlio metallised portion of the band, but onch separate colour is, by 
removing a very thin strip of the foil at the margin, insulated from its neighbouring 
colour. Then all the pieces of foil thus insulated, which represent one colour or 
shade, are connected wdth each other by means of small strips of tin -foil, w'liich pierce 
through the pfiper and are fastened at the back, and are conducted tx) a strip of tin-foil 
which runs along the edge of tlio band, tliore being as many such strips of tin-foil as 
there are colours. Thus each special colour of tlie pattern, in all it s parts, is con- 
nected by u conductor with its own separate strip of tin-foil, and by bringing the wire 
from the pole of the battery successively into contact with the several strips, a current 
of electricity may be made to pass in succession tliroiigh the several parts of the 
design on the band representing the separate colours of the design. Thus, assuming 
four colours, 1, 2, 3, 4, there would bo four strips of tin-foil running the length of the 
band, insulated from each other, each of which would bo in connection with its own 
separate colour only. At any given moment, the thin plates of meUil resting on the 
pattern would touch in a line wliich, as it passes over the width of the pattern, 
would run through all, or any one or more of the colours, but the electric current 
would pass only through those plates which rest on the one colour represented by 
the strip with which the )K)le of the battery at that instant was in contact. 

The inventor claims the following as the results of his invention : — 

First . — The great facility with which, in a very short time, and with precision, 
reductions of the pattern may be obtiined on llie fabric by means of the varying 
velocity with which the pattern may be passed under the teeth. 

Second . — That without changing the mounting of the loom or the pattern, fabrics 
thinner or thiek(‘r can be pr(xluccd by changing the number of the weft, and making 
a corresponding change in tlio movement of the pattern. 

Thi ?^. — The loom and its mounting remaining unchanged, the design may be 
changed in a few minutes by the sub.stitutiou of another metiillisod paper having a 
different pattern. 

Fourth . — The power of getting rid of any part of the design if required, and of 
modifying the pattern. 

WSAVZVO OF BAZS-CZiOTU. In addition to the description of this art 
under Hair, a short notice is required of the best kind of shuttle for M'caving hair. 
Fig, 2113 shows in plan a, and in longitudinal section n, a shuttle which differs from 




that of the common cloth*weaver only in not having a pirn enclosed in the body of 
the box-wood, but merely an iron trap a, which turns in the middle upon the pin b. 
This trap-piece is pressed up at the one end, by the action of the spring c, so as to 
bear with its other end upon the cleft of the iron plate d, which is intended to hold 
fast the ends of the hair-weft : d and c together are called - the jaws ’ or * mouth,’ whence 
the popular name of this shuttle. The workman opens this jaw by the pressure of 
his thumb upon the spring end of the trap a, introduces with the other iiand one or 
more hairs (according to the description of hair-cloth,) into the mouth, and removing 
his thumb, lets the hairs be seized by the force of the spring. The hairs having one 
end thus made fast are passed across the warp by tlie passage of the shuttle, which is 
received at the other end by the weaver's left hand. The friction rollei*8, x, x, are 
like those of fly-shuttles, but are used merely for convenience, as the shuttle cannot 
be thrown swiftly flrom side to side. The hand which receives the shuttle opens at 
same time the trap, in order to insert another hair, after the preceding has been 
dxawQ through the warp on both sides and secured to the list. A child attends to 

' nrtfl, VlV 
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means of the following implement, represented in fig 2112. c, c is the view of it 
from above, or the plan ; d is a side A’iew ; e a longitudinal section, and f an oblique 
section across. The chief part consists in a wooden groove, or chamfered slip of 
W'ood, open above, and rounded on the sides. It is about 21 inches in length, about 
as long nearly as the web is broad, therefore a little shorter than the horse- hairs in- 
serted in it, which project about an inch beyond it at each end. They are herein 
pressed down by elastic slips, c, of india-rubber, so that the others remain, when 
one or more are drawn out by the ends. The ends of the grooves are flat where the 
india-rubber spring exerts its prc^ssiire, as shown by the dotted line /. The spring 
is formed by cutting out a double piece from the curvature of the neck of a caoutchouc 
bottle or flask, fastening the one end of tlio piece by a wire staple in the groove of 
the shuttle, whereby the other end, which alone can yield, presses upon the inlaid 
hair. AVire staples like / (in the section k) are passed obliquely through two places 
of the groove or gutter, to prevent the hairs from springing up in the middle of the 
shuttle, which is suibibly charged with them. The workman shoves the tool across 
the opened warp^ w’ith the one hand, seizes witli the other the requisite number of 
hairs by the prrjecting ends, and holds them fast W’liile ho draws the shuttle once 
more through the warp. The remaining hairs are rcbiined in the groove by the 
springs, and^ only those for the single decussation remain in the web, to be secured to 
the list on either side. A weaver with this tool can turn out a length of cloth double 
of what he could do with the mouth-shuttle. 

WEBBTimZTZi. A liydrous subsiilphato of alumina, found at Newhaven and 
Brighton, in Sussex ; at Halle ; and in several French localities. 

WEPT {Tram!, Fr. ; Eintrag, Ger.) is the name of the yarns or threads which 
run from selvage to selvage in a web. 

WEZCBZirG MACHZX'E. See Halakck. 

IXTEZGHTS and MEASITIIES. Metrical and Imperial. The metrical system 
originated, with the govermnent of Louis XV., who named a commission to pursue 
the investigations necessary to decide the principles upon which such a system could 
bo carried out. An extensive series of observations were conducted during the reign 
of Louis XVI. Under his consent the Academy of Sciences decided that all the 
difForeut w’cights, measures, and coinages should be established accessory to certain 
definite relations to the dimensions of the globe itself. 

Delambro and Mochain ascertained the length of the earth’s meridian in the portion 
betw'e(m Dunkirk and Barcelona, and Arago and Biot that between Barcelona and 
Formentora. The length of tlie meridian from the Polo to the Equator, passing 
through Paris, was then divided into 10,000,000 parts, and one of these parts, called 
the metre, beciime the basis of the now system. 

Maupertiiis had, in the year 173G, measured a portion of the arc of the meridian 
passing tiirough the North C»ipe. His observations ware therefore combined with the 
others by the commission. The distance from the Equator to the Pole, which is really 
10,000,738, was fixed at 10,000,000. This standard is, therefore, the ten-millionth 
part of the quadrant of the terrestrial meridian ; and from the measurements and 
calculations which were made at that period on the arc of the meridian which ex- 
touded from Barcelona to Dunkirk, it was reckoned to be 39*371 inches of the 
English standard yard, which contained 36 inches. Thus the French m^tro, which 
is lunger than the English yard by 3^ inches, or more accurately by 3^ inches, is 
the standard of all the measures and weights of France. Its decimal multiples 
are successively deiiototl by the prefixes deca, hcca, kilo, &c., which signify 10, 100, 
1000, &c., times respectively ; and its decimal submultiples or fractions successively 
by the prefixes dcci, centi, milli, &c., which signify &c., parts respectively. 

The metre itself w’as made the unit of lineal measure and itinerary distances. 

A bar of platinum w*as constructed representing the length of the m^tre as accu- 
rately as possible ; and this bar, or others directly or indirectly copied from it, is the 
standard unit of length throughout France, and in many other countries which have 
herein followed lier example. It is equal to 39*371 English inches, and is about of 
an inch longer than u pendulum vibrating seconds at the level of the sea in Lonaon. 
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3’hti m^tre is divided decimally downwards, into decimetres, centimetres, and milli* 
metros {fig. 2114) ; and multiplied decimally upwards into d^am^tres, heetomitxes, 
kilometres, and myriamkres ; the latter being, as is implied by its namey ^ual to 
10,000 metres of the scale. 
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A dhimktre, as its name implies, is the tenth part of a metre. In like manner 
a centifn^tre is the hundredth part, and a millimetre is the thousandth part, of a 
m^tre. 

A square formed upon aline of ten m^res is the unit of superficial or land measure ; 
and a cube which has a dicimkrc (or one-tenth of a m&tro) for its measuring line, is 
called a Hire — the unit of capacity. Each of these is increased or diminished by mul- 
tiples or submultiples of ten ; but for the convenience of those who prefer halves and 
quarters to tenths, each may be, and often is, divided in this manner, though all arith- 
metical calculations are performed decimally. The fundamental unit of weight is the 
kilogramme, which is the weight of a litre of distilled water, at its greatest density, 
which is a little above the freezing-point. The thousandth part of a kilogramme is 
called a gramme. 

To recapitulate : — 

The multiples of the metre are the <Zec?ametre= 10 metres. 

„ „ ^rfometre= 100 metres. 

„ „ Momi?tre= 1000 metres. 

„ „ wynrtmetre = 10,000 metres. 

The submultiplcs of the metre are the <?mmetre = the 10th part of a mttre. 

„ „ m^^^m6tre = the 1 00th part of a m6tre. 

„ „ miUimiitre = the 1 000th part of a m6tre. 

The unit of surface is the arc, which is the square of 10 metres on a side, or 100 
superficial metres. The usual multiples and submultiplcs arc the /^/'rf-are, a square 
of 100 metres on a side, and the centi-tiTo, the metre superficial. These terms are 
employed in the sale of land, and in agricultural discussions. 

The unit of weight is the gramme, which is the equivalent of a cube of distilled 
water, at the zero of the Centigrade scale (32° of Fahrenheit), measuring a centim&tre 
every way. The multiples are 

The Dkcagramme = 10 grammes. 

„ Hectogramme =100 grammes, 

„ Kilogramme = 1000 grammes. 

The submultiples are : — 

The Decigramme .... =tlie 10th part of a gramme. 

„ Centigramme .... = the 100th part of a gramme. 

&c. &c. 

A thousand kilogrammes will form a cube measuring a mfetre on every side, and it 
is made the legal to7i for heavy weights. 

The unit of capacity is the litre, which is the equivalent of a cube measuring one- 
tenth part of a m^tre every way. The multiples are the decalitre, the hectolitre, the 
kilolitre, and the submultiples, the decilitre, the centilitre, &c. The litre is usually 
employed in expressing tho quantities of liquids. A thousand litres of water are 
equal to a metre cube every way, and one ton in weight. The hectolitre is used in 
expressing the measures of grain. 

The following Tables, constructed by Mr. Warren De La Rue, and published in his 
•Diary and Almanack,’ are reproduced here by his obliging permission : — 


French Measures of Length, 



In English 
inches 

In English feet 
= 13 inches 

In English 
yards =3 feet 

In English 
fathoms— 6 
feet 

In English 
miles =1760 
yards 

MiUimdtre. 



0*08937 

0*003281 

0*0010936 

0*0005468 

0*0000006 

Centim^tve 



0*39371 

0()32809 

0*0109363 

0*(K)54682 

0*0000062 

Bdciaidtre . 



8*93708 

0*328090 

0*1093633 

0*0546816 

0*0000621 

M5tre. . 



89*37079 

8*280899 

1*0936331 

0*5468165 

0*0006214 

D4eaiii5tte. 



893*70790 

8*2*8089.9*2 

10*9863810 

5*4681655 

0*0< 91*2188 

Heotomdtre 



8987*07900 

828*089920 

109*3633100 

54*6816550 

0*0621382 

motaUbge , 



89870*79000 

8280*899200 

1093-6881000 

1 546*B16.'i5(>0 

0*6213824 

Kyxiamdtre 



898707*90000 

32808*902000 

10980*3810000 

5468*1655000 

6*2138244 


1 inch s 3*589954 oentim5treg. 1 yard ^ 0*9148835 m6trc. 

1 ♦aa*'. (I4c{m4trei. 1 mile = 1*6098149 kilometre. 
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French Measures of Surface. 



In English 
sq. feet 

In English 
sq. yards 
= 9 sq. feet 

In English 
poleB=27*2-25 
sq. feet 

In English 
rood8=10890 
sq. feet 

In English 
acres SB 48560 
sq. feet 

Centiare or sq. m^tre 
Arn or 100 sq. mi^tres 
Hectare or 10,000 sq. 
jnOtros . 

10*764299 

1076*422934 

107642*993418 

1*196033 

119*603326 

11960*332602 

0*039r.383 

3-9538290 

395-3828959 

0*0009885 

0*0988467 

9-8845724 

0*0002471 

0-0247114 

1 2-4711131 

1 square inch ac 6*4513669 square centimetres. 

1 square foot =9*2899683 square d6cliu6trcs. 

1 square yard =0*83609715 square mOtro or centiare. 

1 acre -=0*40467102 hectare. 


French Measures of Capacity. 



In cubic inches 

In cubic feet 
=17*28 
cubic inches 

111 pints 
=:{4*65923 
cubic inches 

In gallons 
= 8 pints 
=277*27384 
cubic inches 

In bushels 
=8 gallons 
=2218*19075 
cubic inches 

Millilitre, or cubic 
centimkre 

0-06103 

0*000035 

0*00176 

0*0002201 

0*0000275 

Centilitre, or 10 cubic 
centimetres . 

0*61027 

0*000353 

0*01761 

0*0022010 

0*0002751 

Decilitre, or 100 cubic 
centim6tro3 . 

6*10271 

0*003532 

0*17608 

0-0220097 

0*0027512 

Litre, or cubic dfici- 
mdtro 

61*02705 

0*035317 

1*76077 

0-22009G7 

0*0275121 

DOcalitrc, or centi- 
stdre 

610*27052 

0*353166 

17*60773 

2-2009668 

0*2751208 

Hectolitre, or dOci- 
st6ro 

6102*70515 

3*531658 

176*07734 

22-0096677 

2*7512085 

Kilolitre, or stire, or 
cubic metre . 

; 61027-05152 

35*816581 

1760*77341 

220-09667C7 

27*5120846 

Myriolitre, or d6ca. 
store 

610270-51519 

353*165807 

17607*73414 

2200-9667G75 

1 

275*1208459 


1 cubic inch=lG*J}8G17C cubic centimtUres. 1 cubic foot=28';U5i>12 cubic liicimdtrea. 

1 guJlou=4*54:5458 litres. 


French Measures of Weight, 


■ 

In English 
grains 

In troy ounces 
=480 grains 

In avoirdupois 
lbs. =7000 grs. 

In cwt8.=112 
lbs. =784000 
grains 

Tons =20 cwts. 
= 15680000 grs. 

Milligramme 
Centigriimiuo . 
DiHjigruinmo 

Gramme . 
Decagramme 
llectogrumine . 
Kilogramme 
Myriagrumme . 

0*01543 

0*15432 

1*54323 

15*43235 

164*32349 

1643*23488 

15432*34880 

154323*48800 

0*000032 
0*000322 
0-003215 
0-032151 
0-321507 
3*215073 
32*150727 1 

321*607267 

0*0000022 

0*0000220 

0*0002-205 

0-0022046 

0-02-20462 

0*2*i0-162l 

2*2046-213 

22-0462126 

0*0000000 

0*0000002 

0*0000020 

0-0000197 

0-0001968 

0*0019684 

0*0196841 

0*1968412 

0*0000000 

0-0000000 

0*0000001 

0*0000010 

0*0000098 

0*0000984 

0*0009842 

0-0098421 

1 grain =0*064799 gramme. 1 troy ounce=31*103496 gramme. 

1 lb. aYoirdupoiB= 0*453593 kilogramme, 1 cwt.= 50*802377 kilogrammes. 


Troy Weighty so called from Troyes, a town in the province of Champagne in France, 
now in the department of Aube, where a celebrated fair was held, appears to have 
come into general use in England about the time of Henry IV. The first mention of 
the term Avoir dupois occurs in a charter of 31 Edward I. ‘ Pound ’ is derived from the 
Latin pondus ; ‘ ounce,' from uncidy or twelfth part, being the ^th part of a lb. Troy. 

AL vnmsures of capacity were first token from Troy weight; and several laws were 
passed in the reign of Henry III., enacting that 8 lbs. troy of wheat, taken from the 
middle of the ear, and well dried, should make 1 gallon of wine measure ; and 8 such 
gallons made a bushel. 

Avoirdupois Weight was first made legal in the reign of Henry VU., and ita par- 
ticular use was to weigh provisions and coarse, heavy articles. Henry fixed the stone 
at 14 lbs., which has been confirmed by a recent Act of Parliament. 

Agreeably to the Act of uniformity, which took effect let January, 1826, the term 
'measure* may be distinguished into eight kinds : viz., length, surface, volume, specifie 
gravity, ca|>acity, space, time, and motion. 
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Troy Weight. 


Harks 


Ounces 

Dwts. 

Grains 

dwt. 

Pennyweight 


... 

24 

os. 

Ounce .... 

... 

20 

480 



Pound .... 

12 

240 

6760 


Troy weight is need for money, precious metals, and jewels. Also in philosophical experiments, 
though the more convenient decimal divisions of the French gramme are almost universally pre- 
ferred by aclentifio chemists of the present time. 


Apothecaries' Weight. 


Harks 


Ounces 

Drams 

Scruples 

Grains 

9 

Scruple . 





... 

20 

5 

Dram 

, 

, 



3 

GO 


Ounce 



... 

*8 

24 

480 

i 

Pound 

• 

* 

12 i 

96 

288 

57CO 


The ounce and pound aro the same as in Troy weight, but differently subdivided. A gi-aiu lo 
alike in all weights. 


Avoirdupois Weight. 



Cwts. 

Quarters 

Founds 

Ounces 

Drams 

Ounce (437i grains). 



... 

... 

16 

Pound (7000 grains) 

... 

... 


16 

256 

Stone 

... 

... 

14 

224 

3584 

Quarter . 

i 

1 

28 

448 

7168 

Hundred- weight 

... 

1 * 

112 

1792 

28672 

i Ton .... 

I 

20 

1 80 

2240 

35840 

573140 

This wvight is used for all substances, except gold, silver, and i)recious Btoiies. Drags are sold | 

j by this weight, but medicines are compounded by Apotiiecaries weight. 

1 

1 


Measures of length . — The imperial feUndard yard is divided into 3 feet, and each 
foot into 12 inches, and its length is fixed (see Act of Purl. .0 Ceo. JV. c. 74) by refe- 
rence to the length of the pendulum vibrating seconds in tlie Intitiide of Ijondon, in a 
vacuum at the level of the sea ; the former being to the latter in the proportion of 3G 
imperial inches to 39*1393 imperial inches. Tlie length of tlie sect)nds pendulum at 
Greenwich is 39*13929 inches; at Leith Port (nearly the pamillel of Glasgow), under 
the same circumstances, it is 39*1665 imperial inches ; and at Now York, 39*1017 
imperial inches. The imperial standard yard may, however, be more distinctly de- 
fined as the distance between the points of o.scillation and suspension of a pendulum 
vibrating in a mean solar day (in a vacuum at Lbe level of the sea,) at London 90,088 
times. The Scotch standard ell (the use of which is now abolished,) measured 37 
imperial inches. 

An inch, formerly divided into 3 barleycorns, is now the smallest lincid measure to 
which a name is given, but subdivisions are used for many purposes. 


Cloth Measure, 



Quartern 

Nails 

Inches 

Nail . . . . 

- 


21 

Quarter 

... 

4 

9 

Yard .... 

4 

16 

; 36 

hai . . . . 

5 

1 20 

45 

1 Preach lOl . . . 

6 

24 

64 
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Inches 

Links 

Feet 

Yards 

Pole or 
Perch 

Chains 

Furlongs 

Mile 

7-92 

1 







12 

1-515 

i 

... 

... 

• •• 



36 

4-545 

3 

1 


• •• 



198 

25 

16-5 

5-5 

1 

• •• 



792 

100 

66 

22 

4 

1 



7920 

1000 

660 

220 

40 

10 

1 


63360 

8000 

5280 

1760 

320 

80 

8 



In Ireland the porch contains 7 yards, and the mile 2240. 

Scotch and Irish linens, all sorts of woollen cloths, muslins, ribbons, cords, tapes, 
&c., are measured by the yard. Dutch linens, called Hollands, are bought by the 
Flemish ell, and sold by the English ell. 

The yard in Cloth Measure is the same as in Long Measure, but differs in its 
divisions and subdivisions, as under : — 

2{ inches make 1 nail . . nl. 1 3 quarters make 1 Flemish oil FI. ell. 

4 nails ,, 1 quarter . qr. •) quarters „ 1 English ell Eng. ell. 

4 quarters „ 1 yard . . yd. I 6 quarters „ 1 French ell , Fr. ell. 


Linear Measure. 



Furlongs 

Chains 

Poles 

Yards 

Feet 

Inches 

Foot , . 







12 

Yard . 


... 

... 



3 

36 

Pole or Eod 





"*51 

161 

198 

Chain of 100 links 



... 

4 

22 

66 

792 

Furlong 



10 

40 

220 1 

660 

7920 

Mile . 


's 

80 

320 

1760 1 

5280 

63360 


A League is 3 miles. A Hand (used in measuring horses), 4 inches. A Fathom, 2 yards, or 6 
feet, or 72 inches. 

A pendulum, which vibrates seconds of mean time in the latitude of London, at the level of the 
sea and in a vacuum, measures 39-13y3 inches. It is by an accurate subdivision of the length of 
such u pendulum that an inch, the foundation of all other measures and weights, is obtained. 


Land or Square Measure. 


^ Hoods 

i 

Chains 

Poles 

Yards 

Feet 

Inches 

Square foot. . . j 




... 

144 

Square yard . . | 



... 

9 

1296 

Square pole or rod . 

... 


30i 

272i 

39204 

Chain of 10,000 links . 1 


16 

484 

4356 

627264 

Hood . . . . 1 ... 


, 40 

1 1210 

10890 

1568160 

Acre . . . . 4 

10 

j 160 

4840 

43560 

6272640 


A square mile is 640 acres or 8,097,600 square yards. 


Cubic or Solid Measure, 

Feet Inohet 

Cubic foot 1728 

Cubic yard .... 27 46666 

A ton of shipping is 42 cubic feet. A barrol’s hulk is S cublp feet* 

4 C 2 





1124 WEIGHTS AND MEASUBES 


Liquid Measure. 



Gallons 

Quarts 

; Pint* 

Gill 



i 

Quart • . • . . 

... 

... 

2 

Gallon 


4 

8 

Firkin or quarter barrel . 

9 

36 

72 

Kilderldn or half barrel . 

18 

72 

144 

Barrel 

36 

144 

288 

Hogshead of ale 

64 

21C 

432 

Hogshead of wine . 

63 

252 

604 

Puncheon .... 

84 

336 

672 

Butt of ale .... 

108 

432 

864 

Pipe of 2 hogsheads 

126 

604 

1008 

Tun or 2 pipes 

262 

1008 

2016 


Lrif Measure. 



Quarters 

Bushels 

Pecks 

Gallons 

Peck .... 




2 

Bushel .... 

... 


4 

8 

Quarter 

... 

*8 

32 

64 

Load or w’ey 

5 

40 

ICO 

320 


The imperial pallon is the legal standard measure both for dry goods and liquids. It contains 
277*274 cubic inches of distilled water when the barometer stands at .SO Inches and thermometer 
at 62° Fahr. Under the same conditions an imperial gallon of water weiglis 10 avoirdupois pounds 
or 70,000 groins. A cubic inch of water weighs 252*408 grains. A cubic inch of air weighs 0*310 
grain. 


Time Tuhlc. 



Days 

Honrs 

Minutes 

Seconds 

Minute 




60 

Hour . 

... 

... 

60 

3600 

Day . 


24 

1440 

86400 

Week . 

1 

*7 

168 

10080 

i 

604800 


A common year is 62 weeks 3 day, or 865 days. Every year whloh will divide by 4 without 
leaving any remainder is a leap year, and contains 360 days, except I'JOO, 2100, &c. A century 
contains 36,624 days. 


Memoranda connected with various Jrreqular Weights and Measures. 


A barrel of beer, 36 gallons. 

„ ale, 32 „ 

A butt of sherry, 108 gallons, or 62 dozen 
bottles. 

Hogshead of French wine, 43 to 46 gals. 
Aum of hock, 30 gallons. 

Pipe of madeira, 92 gallons. 

„ port, 116 „ or 67 J dozen 

bottles. 

(Hogsheads one half, and quarter-casks 
one fourth part of that quantity.) 

Pipe of Tenerine, 100 gallons. 

„ Lisbon, 117 », 

„ Malaga, 106 „ 

Tun of wine, 252 gallons. 

Hogshead of claret, 46 gallons. 

Puncheon of brandy, 100 to 116 gallons. 


Puncheon of rum, 90 to 100 gallons. 

„ whisky, 120 „ 

A dicker of hides, 10 skins. 

A last of hides, 20 dickers. 

A dicker of gloves, 10 dozen j^airs. 

A box of raisins, 66 lbs. 

Cask of rice, 7 to 8 cwts. 

Chest of congou tea, 80 to 100 lbs. 
Chest of hyson tea, 60 to 80 lbs. 
Drum of figs, 6 to 14 lbs. 

Pocket of hops, IJ to 2 cw*ts. * 

A bag of hops, nearly 3^ cwts. 
Firkin of butter, 56 lbs. 

Load of hay or straw, 86 trusses. 
Truss of hay, old, 66 lbs. 

„ new, 60 lbs. 

„ straw, 36 lbs. 
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Load of bricks, 600. 

„ plain tiles, 1000. 

Sack of flour, 280 lbs. 

Tierce of sugar, 9 to 12 cwts. 

„ coffee, 4 to 9 cwts. 

Barrel of tar, 26,1 gallons. 

Fodder of lead, 19^ cwts. 

Gross, 144, or 12 dozen. 

Quire of paper, 24 sheets. 

Ream „ 480 sheets, or 20 quires. 

Roll of parchment, 60 skins. 

A weigh of cheese, 236 lbs. 

6 quarters, a weigh or load. 

A last of com or rape-seed, 1 0 quarters, 
or 80 bushels. 

A last of potashes, cod-fish, white herrings, 
meal, pitch, and tar, 12 barrels. 

A last of flax and feathers, 17 cwts. 

Measures 

A line is one-twelfth part of an inch. 

A nail is 2^ inches (used in measuring 
cloth). 

A palm is 3 inches. 

A hand is 4 inches (used in measuring 
the height of horses). 

A span is 9 inches. 

A cubit is Ij foot. 


A last of gunpowder, 24 barrels, or 
2,400 lbs. 

A last of wool, 4,568 lbs, 

A tod of wool is 28 lbs. 

A pack of ditto, 364 lbs. 

48 solid feet of timber, a ton. 

A stone of fish, 14 lbs., and of wool, 14 
lbs. The same for horseman’s weight, 
hay, iron, shot, &c. 

A stone of glass, 5 lbs., and a seam of 
ditto, 24 stone. 

A cade of red herrings, 600, and sprats, 

1000. 

A load of timber unhewed, 40 feet. 

Flour, peck or stone, 14 lbs. 

„ boll of 10 pecks or stones, 140 lbs. 
„ sack of 2 bolls, 280 lbs. 

„ barrel, 196 lbs. 

of Length. 

A military pace is 24 feet. 

An itinerary pace is 5 feet. 

A cable length is 120 fathoms, or 240 
yards. 

A league is 3 miles. 

The knot, or nautical mile, 2,000 yards. 

The old Scotch and Irish miles are 1^ 
and 1^ English. 


Coal Weights and Measures. 

‘From and after January 1, 1836, all coals, slack, culm, and cannel of every de- 
scription shall bo sold by weight and not measure, under a penalty of forty shillings.’ 

5 & 6 William IV. 


The Chaldron. By this measure coal was formerly sold ; it was 36 bushels or 12 
sacks of coal. 

The London imperial chaldron is about 25 cwts. 

The Newcastle chaldron . . „ 63 cwts., or as about 11 to 21. 

The relation of the chaldron to the ton in London is shown by the following results 

cwts. qra. lbs. 

1 chaldron of Russell’s Hatton’s Wallsend weighed 25 0 8 



Lambton’s Wallsend 


25 

3 

9 


Russell’s „ 


25 

0 

0 


N orthumberland 


25 

1 

25 


Tanfield Moor 

*» 

26 

0 

17 


Stewart’s Wallsend 

>1 

26 

0 

18 


Killingworth 


25 

0 

13 


Mean, 25 cwts. 2 qrs. 4 lbs. 


3 wwns of 174 cwts. J ^ Newcastle chaldron, which is only 62^. 

6 carts ol ,, 3 

The Keel is 8 chaldrons or 21 tons 7 cwts. (sometimes 4 cwts.), or 8 tubs*: 21 tons. 
4 cwts. 

The Bolls or Boults. In 1600, at a ‘ Courte of the Hostmen,’ wains were ordered to 
be marked and measured. * For time out of mind it hath been ordered that all coal 
wains did usually carry and bring 8 boults of coals to all staithes upon the river Tyne.* 


Pecks 

Boll 

Chaldron 

tons 

cwts. 

lbs. 

8 

1 

... • . 

. 0 

4 

234 

... 

24 

1 . 

. 2 

13 

0 

... 

440 

18j or 1 ten 

. 48 

11 

74 


The Ten. A local customaiy and arbitrary weight, being usually 440 coal bushds 
of 36 galloTiR Wincliester, or 48 tons 11 cwts. 2 qrs. 17 lbs. 9 ozs. The Dean and 
Chapter of Durham, to avoid fractions, make the Ten 432 bushels, or 47 tons 14 CWti« 
420 bolls, or sometimes 440 bolls make 1 Ten. 
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A Load of Coals. 

At Newcastle is . . . .1 ton of 20 cwts. 

„ Morpeth .... § ton. 

H „ (cartload) . . 15 to 16 cwts. 

„ Lancashire . . . .25 cwts. 

A Waggon, 

The Newcastle chaldron, 63 cwts. At Whitehaven, in 1826, 24 Carlisle bushels, 
weighing a little more than 2 tons. 

About 25 years since the weight was 48 cwts. and it was increased to 60 cwts. 

The Tub. In the Wear the best coal is put into tubs, these are waggons without 
wheels, containing each 53 cwts. 

The Basket. 

West Lancashire 6 cwt£. 

East „ 3 „ sometimes 4 cwts., according to the thickness of tlio ‘ mine.* 

The, Room. Coal-bargos are divided into rooms, containing 180 bushels and 1 vat 
more, or 5 chaldrons and a vat. 

The Vat, a quarter of a chaldron. 

The Creeh sold in Ayrshire = 3 cwts. 

An Acre of Stratum 1 foot thick is 31 tens. 

An Acre of Coal.<^\,b\Q tons. 

A Father of Coal- 17 cwts. 

'The Bushel. 

Carlisle, 3 streaked Winchester weighing from 1 cwt. 2 qrs. 21 lbs. to 1 cwt. 3 qrs 
Cornish , . 94 lbs. (Lean's Engine Ke]X)rt). 

London . . 824 „ ^ 

Standard . . 86 avoirdupois '] 

Imperial . . 79 to 82 lbs. contains n f 

Winchester . ... ... J21o0 42 C. I. 

In Gutch’s ‘ Literary and Scientific Register and Almanack’ for 1872 the following 
statement of measures was given, w’hich is so curious that it deserves preservation : — 

* The Winchester bushel contsiius 2150*42 cubic inches, or 4 pecks ; the Waterside 
measure contains 5 pecks. The old standard Scott!h pint or sterling jug conUiiiis 
about 104 cubic inches, or 3 imperial pints ; and the Scotch gallon contains 3 imperial 
gallons. The Scotch wheat firlot contfiins 2i\ Scotch pints ; and the Scotch barley 
firlot, 31 Scotch pints. In Chester wheat is sold at 75 lbs. the bushel, or 9*23- 28 
gallons. In Cornwall (Launcestem and Callington)tho customary bushel is 16 gallons; 
at Helston, Falmouth, St. Austell, and Truro, the bushel consists of 24 gallons ; at 
Redruth it is sold per 196 lbs. Cornish bushel ; at St. Columb, 186 lbs., and at Bodmin, 
62 lbs., per imperial bushel. In Devon a sack cont;iins 40 gallons, a bag 16 gallons 
(in some parts 32 gallons) ; at Hereford wheat is sold sometimes by tlie bushel of 8 
gallons, sometimes by the old bushel of 10 gallons, sometimes by weight, varying from 
62 lbs. imperial, or 64 lbs. Winchester, to 80 lbs. old 10 gallons ; in Norfolk, by the 
coomb of 4 bushels; in Northumberland (Alnwick, Morpeth, ami Hexham markets), 
per new boll of 16 gallons; in Bedford and Wooller markets by the old l)oll of 48 
gallons ; in Salop the bushel is 75 lbs. net ; York (North Riding), 63 lbs. per bushel ; 
West Riding, at Wakefield corn exchange, per bushel of 60 lbs. ; at the farmers’ 
market, per the load of 3 bushels or 24 gallons mwisure, or load weighing 12 stone 12 
lbs. (or 180 lbs.) to 14 stone (or 196 lbs.); at Leeds, Barnsley, Pontefract, Doncaster, 
Selby, Otley, Knaresborough, Ripon, Skipton, and Snaith, the same as at one or the 
other of Wakefield markets ; Wales (Anglesoa), at 63 lbs. per bushel ; at Brecon, by 
the bushel of 8 gallons and the bushel of 10 gallons ; Cardigan, 63 lbs. ; Carmarthen, 
64 lbs. ; Flint, by the hobbet of 21 gallons, or 168 lbs. ; Glamorgan (borough of 
Swansea), by the bushel or stack of 24 gallons, or by a measure chilled ' a peck,’ con- 
taining 6 gallons. In the eastern part of the county tliere is also a bushel mo^isurc in 
use, called ‘ the Welsh Imshel.’ In Montgomery and Radnor the bushel is 10 gallons, 
or 80 lbs. weight. All local weights and measures arc abolished, and a staiidiird 
adopted that all grain, meal, flour, butter, and jwlatoes shall be sold by the Avoirdu- 
pois, by the score of 20 lbs., by the cwt. of 100 lbs., and by the ton of 2,000 lbs. ; and 
that all hay, straWi tumiiM, and mangold-wurtael shall be sold by the Avoirdupois, by 
tbfrfcore oi 20 lbs„ by t£« cwt, of 100 lbs., and by the too of 2,000 lbs.’ 
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The Ton varies in a similarly unfortunate manner 

The Statute ton called short ton . . 20 ewta. of 112 lbs. ■» 2240 lbs 

„ Staffordshire ton „ long ton . . 20 „ 120 „ ** 2400 » 

„ „ „ „ boat ton . .24 „ 120 „ »= 2880 

„ South Wales from 2400 „ to 2618 »» 

„ Ayrshire 2464 „ to 2620 „ 

WBXiSf or Dyer’s Weed (Gande, Fr.; Wan, Ger.) A biennial plant, native of 
Britain, Italy, and various parts of Europe ; the Beeeda luteola of botanists. Weld is 
preferred to all other substances in giving the lively green-lemon yellow to silk. 
Although the quercitron bark has almost superseded it in calico-printing, weld is still 
largely used in dyeing silk a golden yellow, and in paper-staining. 

WliBBnffG* {Souder, Fr. ; Schweissen, Ger.) is the property which pieces of 
wrought iron possess when heated to whiteness of uniting intimately under the 
hammer without any appearance of junction. See Iron. 

WBXiXiS, ABTSSXAir. See Artesian Wells. 

WBAXiSBOKB {Baleine, Fr. ; Fischbeinc, Ger.) is the name of the homy 
laminse, consisting of fibres laid lengthways, found in the mouth of the whale, which, • 
by the fringes upon their edges, enable the animal to allow the water to flow out, as 
through rows of teeth (which are absent), from between its capacious jaws, but to catch 
and dcttiin the minute creatures ujwn -which it feeds. The fibres of whalebone have 
little lateral cohesion, as they are not transversely decussated, and may, therefore, be 
readily detached in the form of long fihiments or bristles. The blades, or scythe- 
shaped plates, are externally compact, smooth, and susceptible of a good polish. They 
are couiioct-ed, in a parallel series, by what is called the (jum of the animal, and are 
arranged along each side of its mouth, to the number of about 300. The length of 
the longest blade, which is usually found near the middle of the series, is the gauge 
adopted by the fishemien to designate the size of the fish. The greatest length 
hitherto known has been 15 feet, but it rarely exceeds 12 or 13. The breadth, at the 
root end, is from 10 to 12 inches ; and the average thickness, from four to five tenths 
of an inch. The series, viewed altogether in the mouth of the whale, resemble, in 
general form, the roof of a house. They are cleansed and softened before cutting, by 
boiling for 2 hours in a long copper. 

Whalebone, as brought from Greenland, is commonly divided into portable junks 
or pieces, comprising ten or tweh'o blades in each ; but it is occasionally subdi-vided 
into separate blades, the gum and the hairy fringes having been removed by the 
sailors during the voyage. The price of whalebone fluctuates from oOZ. to 160/. per 
ton. The blade is cut into parallel prismatic slips, as follows: — It is clamped hori- 
zontally, with its edge up and down, in the largo wooden vice of a carpenter’s bench, 
and is then planed by the following tool, fig. 2116. a, b, are its two handles ; C, d, is 
an iron plate, -with a guide-notch e ; f, is a semicircular knife, scre^ved firmly at each 
end to the ends of the iron plate c n, having its cutting 
edge adjusted in a plane, so much lower than the 
bottom of the notch e, as the thickness of the whale- 
bone slip is intended to be for different thicknesses : 
the knife may be set by the screws at different levels, 
but alwaj’s in Ji plane parallel to the lower guide 
surface of the plate c d. The workman, taking hold 
of the handles a, b, applies the notch of the tool at 
the end of the W’halebone blade furthest from him, and 
with his two hands pulls it steadily along, so as to shave off a slice in the direction 
of the fibres ; being careful to cut none of them across. These prismatic slips are 
then dried, and planed level upon their other two surfaces. The fibrous matter 
detached in this operation, is used, instead of hair, for stuffing mattr^ses. 

From its flexibility, strength, elasticity, and lightness, whalebone is employed for 
many purposes ; for ribs to umbrellas or parasols ; for stiffening stays ; for the frame- 
work of hats, &c. When heated by steam- or a sand-bath, it softens, and may be 
bent or moulded, like horn, into various shapes, which it retains if cooled -under 
compression. In tliis way, snuff-boxes, and knobs of walking-sticks, may be made 
from the thicker parts of the blade. The surface is polished at first with grouira 
pumice-stone, felt, and water ; and finished with dry quicklime spontaneously elake^ 
and sifted. Whalefins Imported in 1873 — 177 tons ; valued at 64,618/, ExporUA in 
1873 — 960 cwts. ; valued at 18,710/. 

WKAXiB OXZi. See Oils. 

WKAJLBS. See Trent Sand. _ ^ 

WKBAT. Triticum viUgare, Linn. ; {FronienU Fr. ; Wauwt, €ler.) See xteiA2i| 
Gluten, and Starch. 
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Wheat-Floxjr ; To detect Adulteration of. Potato-starch is insoluble in cold water, 
unless it be triturated in thin portions ip a mortar. If pure wheat-flour be thus 
triturated, it affords no trace cf starch to iodine, as the former does, because the 
particles of wheat-starch are very minute, and are sheathed in gluten. 

Bean-flour digested with water at a heat of 68° Fahr., and triturated, affords on 
filtration a liquid which becomes milky on the addition of a little acetic acid, by its 
reaction on the legumine present in the beans. 


British Wheat returned as sold in various ( 150 ) Market Towns of England and Wales 

in each month. 



1867 

1868 

1869 

1870 

1871 

1872 

1873 

January 

qrs. 

qr.<. 

qrs. 

qr.s. 

qrs. 

qr.s. 

qrs. 

221.792 

103,080 

312,654 

241,043 

267,828 

194,721 

166,472 

February 

203,902 

259,963 

254,916 

231,919 

309.377 

193,911 

202,970 

March . 

280,880 

176,768 

217,452 

259,539 

298,965 

245,614 

238,127 

April . 

205.233 

173,122 

204,521 

308,798 

371,536 

191,523 

1,59.269 

May . 

221.069 

193,994 

249,080 

280,739 

222,005 

231,783 

277,881 

June . 

197,017 

97,184 

213,005 

230.572 

191,126 

268.628 

167,467 

July . 

109,831 

106.814 

204,203 

217,370 

158,780 

100,545 

101,103 

August 

128,249 

260,269 

172,221 

201.789 

123,891 

168,055 

! 131,180| 

September . 

239,727 

358,663 

220,167 

351,231 

371,592 

253,502 

1 232,664 

October 

349,780 

350,377; 

308,310 

424,616 

367,673 

264,036 

1 265.123 

November . 

337.170 

267.345 

218.513 

298.408 

! 260,354 

248,832 

i 264,025 

December 

230, OUj 

243,329; 

195,974 

352,631 

, 322,758 

210,068| 

1 234,753 

Total . 

2,742,673' 

1 

2,679.9081 

j 

2,816, lOojs, 398, 655 

3 , 274 , 880 ' 

1 1 

2,582,106' 

1 

2,441,943 


WBBB& CARBZAOBS. This article is omitted from this edition to make room 
for articles more directly connected with the subjects legitimately belonging to it. 

WKBBi; ORB. See Boi:rn<»nitk. 

WHSTSBATB is a massive mineral of a greenish -grey colour ; feebly glimmer- 
ing; fracture slaty or splintery; fragments tabular; translucent on the edges; feels 
rather greasy ; and has a sjxic. grav. of 2'722. It occurs in beds, in primitive and 
transition slates. Very line varieties of whctslate are brought from Turkey, called 
honestoncs, which arc in much esteem fur sharpening steel instruments. See. Hones. 

WBBT {Petit lait, Fr. ; Molken. Ger.) is the greyish -green liquor which exudes 
from the cui^d of milk. Scheele states, that when a pound of milk is mixed wn'tli a 
spoonful of proof spirit, and allowed to become sour, tin; whey filtered off, at the end 
of a month or a little more, is a good vinegar, devoid of lactic acid. 

WBIZSBLT. A spirit obtained by distillation from corn, sugar, or molasses, though 
generally from the former. It is extensively manufactui’ed and used in Scotland and 
in Ireland. See Usqitkbaijoh. 

WBZTB ZiBABf Carbonate of lead, or Ceruse. {Blanc dc plomh, Fr. ; Bleitvciss, 
Ger.) This is the principal preparation of lead in general use for painting wood and 
the plaster walls of apartments white. It mixes well with oil, without having its 
bright colour impaired, spreads easily under the brush, and gives a uniform coat to 
wo^, stone, meUl, &c. It is employed either alone, or with other pigments, to servo 
as their basis, and to give them body. This article has been long manufiicturcd w'ith 
much success at Klagenfurth in Carinthia, and its mode of preparation has been 
described with precision by Marcel des Serres. The great white-lead establishments 
at Krems, whence, though incorrectly, the term while of Kremnitz became current, 
on the Continent, have been abandoned. 

In Germany the manufacture of white load is conducted as follows : — 

The lead mostly comes from Bleiberg ; it is very pure, and particularly free from 
contamination with iron, a point essential to the beauty of its factitious carbonate. It 
is melted in ordinary pots of cast iron, and cast into sheets of various thickness, ac- 
cording to the pleasure of the manufacturer. These sheets are made by pouring the 
melted lead upon an iron plate placed over the boiler ; and whenever the surface of 
the metal begins to consolidate, the plate is slightly sloped to one side, so as to run off 
the still liquid metal, and leave a lead sheet of a desired thickness. It is then lifted 
off like a weet of paper ; and as the iron plate is cooled in water, several hundred- 
weight of lead can be readily cast in a day. In certain white-lead works these sheets 
are one twenty-fourth of an inch thick ; in others half that thickness ; in some, one 
of these sheets takes up the whole width of thd conversion-box ; in others, four sheets 
are employed. It is of leonsequence not to smooth down the faces of the leaden 
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Bheets ; because a rough surface presents more points of contact, and is more readily 
attacked by acid vapours than a polished one. 

These plates are now placed so as to expose an extensive surface to the acid 
fumes, by folding each other over a square slip of wood. Being suspended by their 
middle, like a sheet of paper, they are arranged in wooden boxes, from to 6 feet 
long, 12 to 14 inches broad, and from 9 to 11 inches deep. The boxes are very 
substantially constructed ; their joints being mortised, and whatever nails are used, 
being carefully covered. Their bottom is made tight with a coat of pitch about an 
inch thick. The mouths of the boxes are luted over with papf;r in the works where 
fermenting horse-dung is employed as the means of procuring heat, to prevent the 
sulphuretted and phosphuretted hydrogen from injuring the purity of the white lead. 
In Carinthia it was formerly the practice, as also in Holland, to form the lead sheets 
into spiral rolls, and to place them so coiled up in the chests ; but this plan is not to 
be recommended, because these rolls present obviously less surface to the action of 
tho vapours, are apt to fall down into the liquid at the bottom, and thus to impair the 
whiteness of the lead. The lower edges of tho sheets are suspended about two inches 
and a half from the bottom of tho box ; and they must not touch either one another 
or its sides, for fear of obstructing the vapours in tho first case, or of injuring the 
colour in tho second. Before introducing tho lead, a peculiar acid liquor is put into 
tho box, w'hich differs in diiferoiit works. In some, tho proportions are four quarts 
of vinegar, witli four quarts of wine-lees ; and in others a mixture is made of 20 
pounds of wine-lees, with 8i pounds of vinegar, and a pound of carbonate of potash. 
It is evident that in the manufactories where no carbonate of potash is employed in 
the mixture, and no dung for heating the boxes, it is not necessary to lute them. 

The mixture being poured into the boxes, and the sheets of lead suspended 
within them, they are carried into a stove-room, to receive the requisite heat for 
raising round the lead the corrosive v.apours, and thus converting it into carbonate. 
This apartment is heated generally by stoves, is about 9 feet high, 30 feet long, 
and 24 feet wide, or of such a size as to receive about 90 boxes. It has only one door. 

The heat should never be raised above 86° Fahr. ; and it is usually kept up for 15 
days, in which time the operation is, for the most part, completed. H the heat bo too 
high, and tho vapours too copious, the carbonic acid in a great measure escapes, and 
the metallic lead, less acted upon, affords a much smaller product. 

AVhon tho process is well managed, as much carbonate of lead is obtained as there 
was employed of metal; or, for 300 pounds of lead, 300 of ceruse are procured, besides 
a cortjiin quantity of metal after the crusts are removed, which is returned to tho 
melting-pot. The mixture introduced into the boxes serves only once; and if carbon- 
ate of potash has been used, the residuaiy matter is sold to the hatters. 

When tho preceding operation is supposed to be complete, the sheets, being 
removed from tho boxes, are found to have grown a quarter of an inch thick, though 
previously not above a twelfth of that thickness. A few crystals of acetate of lead 
are sometimes observed on their edges. The plates are now sliaken smartly, to cause 
the crust of carbonate of lead formed on their surfaces to fall off. This carbonate is 
put into largo cisterns, and washed very clean. Tho cistern is of wood, most commonly 
of a square shape, and divided into from seven to nine compartments. Those are of 
equal capacity, but unequal height, so that the liquid may be made to overflow from 
one to the other. Thereby, if the first chest is too full, it decants its excess into the 
second, and so on in succession. 

The water poured into the first chest passes successively into the others, a slight 
agitjition being meanwhile kept up, and there deposits the white lead diffused in it 
proportionally, so that tho deposit of the last compartment is the lightest and finest. 
After this washing, the white lead receives another in large vats, where it is always 
kept under water. It is lastly lifted out, in the state of a liquid paste, with wooden 
spoons, and laid on drying-tables to prepare it for the market. 

The white lead of the last compartment is of the first quality, and is called on the 
Continent * silver white.’ It is employed in fine painting. 

When white lead is mixed in equal quantities with ground sulphate of baryta, it is 
known in Franco and Germany by the name of ‘Venice white.* Another quality, 
adulterated with double its weight of sulphate of baryta, is styled ‘Hamburgh white ;* 
and a fourth, having three parts of sulphate to one of white lead, gets the name of 
‘ Dutch white.’ When the sulphate of baryta is veiy white, like that of the Tyrol, 
these mixtures are reckoned preferable for certain kinds of painting, as the barytes 
communicates opacity to the colour, and protects the lead from being speedily d^- 
ened by sulphurous smoke or vapours. 

The high reputation of the white lead of Krems was by no means due to the barytes, 
for the first and whitest quality was mere carbonate of lead. The freedom froin silver 
of the lead of Villach, a veiy rare circumstancei is one cause of the snperioritj of its 
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carbonate ; as well as the skilful and laborious manner in which it is washed, and 
separated from any adhering particle of metal or sulphide. 

In England, lead is converted into carbonate in the following way ; — The metal is 
cast into the form of a network grating, in moulds about 20 inches long, and 8 or 9 
broad. Several rows of these are plac^ over cylindrical glazed earthen pots, about 
6 or 7 inches in diameter, containing some wood-vinegar, which are then covered 
with planks and spent tan; above these pots another range is piled, and so in sne- 
eession, to a convenient height. The whole are imbedded in spent bark from the 
tan-pit, brought into a fermenting state by being mixed w’ith some bark used in a 
previous process. The pots are left iindistiirlxd under the influence of a fermenting 
temperature for 8 or 9 weeks. In the course of this time the leiid gral ings become, 
generally speaking, converted throughout into a solid carbonate, W'hich when removed, 
is levigated in a proper mill, and elutriated with abundance of pure water. The 
plan of inserting coils of sheet lead into earthenware pipkins conUiining vinegar, and 
imbedding the pile of pipkins in fermenting horsed ung and litter, has now ceased to 
be used; because the coil is not uniformly acted on by tlie acid vapours, and the sul- 
phuretted hydrogen evolved from the dung is apt to darken the white lead. 

In the above processes, the conversion of lead into carbonate seems to be effected by 
keeping the metal immersed in a warm humid atmosphere, loaded with carbonic and 
acetic acids. 

Another process has been practised to a considcral)lo extent in France, though 
it does not afford a w’hite lead equal in body and opacity to the products of the pre- 
ceding operations. M. Th6nard first established the principle, and JVIM. Brechoz and 
Lesseur contrived the arrangements of this method, which was subsequently executed 
on a great scale by MM. Board and Brechoz. 

A subacetate of lead is formed by digesting a cold solution of uncr3\stalli8od acetate, 
cn^cr lithaigo, with frequent agitation. It is said that 65 pounds of purified pyrolig- 
neous acid, of specific gravity 1*056, require, for making a neutral acetiitc, 68 pounds 
of litharge ; and hence, to form the subacelate, three times that quantity of base, or 
174 pounds, must be used. The compound is diluted with w'aU'.r as soon as it is 
formed, and being decanted off quite limpid, is exposed to a current of (yirbonic acid 
gas, which, uniting with the two extra proportions of oxide of lead in the subiu’ctate, 
precipitJites them in the form of a wdiite carbonate, while the liquid becomes a faintly 
acidulous acetate. The carbonic acid may be extricated from chalk, or other com- 
pounds, or generated by combustion of charcoal, as at Cliehy ; but in the latter case 
it must be transmilLcd througii a solution of acetate of lead before Iteing admitted into 
the subacotnte, to deprive it of any particles of siilpliuretted hydrogen. When the 
prccipitiition of llie carbonate of lead is completed and well settled down, the superna- 
tant acetate is dcainted off, and made to act on another dose of btharge. The dejxjsit 
being first rinsed with a little w’ater, this washing is added to the acetiite ; after which 
the w’hite lead is thoroughly elutrialed. ^Jliis repetition of the process may bo iiido- 
finitoly made ; but there is alw'ays a small loss of acetate, 'which must be repaired, 
either directly or by adding some vinegar. 

It is cusbjniHiy' on the Continent to mould the white lead into conical loaves before 
sending it into the market. This is done by stuffing w'dl-drained white load into 
unglazed earthen pots, of the requisite size and shape, and drying it to a solid mass 
by exposing tlicse pots in store-rooms. The mould.s being now inverted on Uibles, 
discharge their contents, whicli then receive a final desiccation ; and arc aftcrwanls 
put up in pale-blue paper, to set off the white colour ly contrast. 

It has been supposed tliat the differences observed between the ceru.se of Cliehy and 
the common kinds, depend on the greater compactness of the particles of the latter, 

produced by their slow'er aggregation ; 
as also, according to M. Bobiquet, on 
the former contiiiuing considerably less 
carbonic acid. 

Mr. Ham proposed, in a patent dated 
June 1826, to produce W'hit.e lead with 
the aid of the following ap])ariitus. «, «, 
jig. 2116, are the side-walls of a stove- 
room constructed of bricks ; h is tlio 
floor of bricks laid in Boman cement; 
c, c, are the siilo-plates, between which 
and the w’alls a quantity of refuse Uin- 
ners’ bark, or ot lier sintiible vegetable- 
matter, is to bo introduced. The same 
material is to be put also into the lower 
part at 4 (upon a false bottom or grating ?). The tan should rise to a oousiderable 
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height, and have a series of strips of sheet lead, e, e, e, placed upon it, which are 
kept apart by blocks or some other conTenient moans, with a space open at one 
end of the plates, for the passage of the vapours; but above the upper plates, boards 
are placed, and covered with tan, to confine them there. In the lower part of the 
chamber, coils of steam-pipes, /,/, are laid in different directions to distribute heat ; 
ff is fi funnel-pipe, to conduct vinegar into the lower part of the vessel ; and A is a 
cock to draw it off*, when the operation is suspended. The acid vapours raised by the 
heat pass up through the spent bark, and on coming into contact with the sheets of 
lead, corrode them. The quantity of acid liquor sWild not be in excess ; a point to 
be ascertained by means of the small tube i, at top, which is intended for testing it by 
tlio tongue. A: is a tube for inserting a thormomotor, to watch the temperature, which 
slioiild not exceed 170° Fahr. Wo are not aware what success attended this patented 
arrangement. 

A factory was many yo irs since erected at West Bromwich, near Birmingham, to 
work a patent obtained by Messrs. Gossage and Benson, for making white lead 
by mixing a small quantity of acetate of load in solution with slightly-damped litharge, 
contjiinod in a long stone trough, and passing over the surface of the trough currents 
of hot carbonic acid, while its contents were powerfully stirred up by a travelling- wheel 
mechanism. The product was afterwards ground and elutriated, as usual. The car- 
bonic acid gas was produced from the combustion of coke. This factory has long 
been abandoned. 

Messrs. Button and Dyer obtained a patent for making white load by transmitting a 
current of purified carbonic acid gas, from the combustion of coke, through a mixture 
of litharge and nitrate of lead, diffused and dissolved in water, which was kept in con- 
stjint agitation and ebullition by steam introduced through a perforated coil of pipes 
at the bottom of the tub. The carbonate of lead was formed here upon the principle 
of Th^nard’s process upon the subacetate ; for the nitrate of lead formed with the 
litharge a subriitrate, which was forthwith teinsformcd into carbonate and neutral 
nitrate, by the agency of tlic carbonic acid gas. It is known that all sorts of white lead 
produced by precipitation from a liquid, .are in a semi-crystalline condition ; appear, 
therefore, aemi-transpfirent when -vnowed in the microscope ; and do not cover so well 
as white lead made by the process of vinegar and ton, in which the lead has remained 
always solid during its transition from the blue to the white state ; and hence consists 
of opaque particles. 

A patent was obtained in Becember 1833, by John Baptiste Constantine Torassn, 
and others, for making white lead by agitating tlie granulated metal or shot, in trays 
or barrels, .along "Nnlli water, and exposing the mixture of le.ad-dust and water to the 
air, to bo oxidised and carbonated. The whole of these projects for preparing white 
load are inferior in economy and quality of produce to the old Dutch process, which 
may bo so Jirranged as to convert sheets of blue lead thoroughly into the best white 
lead, within the space of ten weeks, at less expense of labour than by any other 
j)lan. 

The composition of the different varieties of -white lead has been carefully examined 
by J. Arthur Phillips.* The result of this investigation shows that those specimens, 
which .are obtained by precipitation from solutions of the nitrate by means of an 
alkaline carbonate, contain very variable quantities of oxide of lead, whilst in white 
lead prepared by the ordinary Dutch process, tlie relations existing between the 
amounts of carbonate and oxide, although definite, are usually very simple. The 
most usual composition of the -wliito le.ad of commerce is represented by the formula 
2(PbO.CO') + PbO.HO (aPl>C0-'‘.PbH‘0*), .although specimens represented by the 
formula? 3(Pbt).CO-) + PbO.HO (3PbC0».PbH202), and 5(Pb0.C02) + PbO.HO 
(SPbCO’.PbH'O*) are also ocwisionally met with. 

On examining the ordinary corroded leads in a finely-divided state, by the aid of a 
powerful microscope, no traces of a crystalline structure wall be perceived, but when 
precipitated specimens are subjected to a pow'er of 300 diameters, distinct hexagonal 
plates become visible. These vary from s^oo^h to diameter, and 

appear slightly yellow by transmitted light, 

Mr, Thomas Richardson, of Newcastle, obtained a patent in December 1839, for a 
preparation of sulphate of lead, applicable to some of the purposes to which the car- 
bonate is applied. His plan is to put 56 lbs. of flake litharge into a tub, to mix it 
with 1 lb. of acetic acid (and water) of spec. grav. 1 '046, and to agitate the mixture 
till tlie oxide of lead becomes an acetate. But whenever this change is partially 
effectAKi, ho pours into the tub, through a pipe, sulphuric acid of spec. grav. 1*6975, 
at the rate of about 1 lb. per minute, until a sufficient quantity of sulphuric acid hae 
been added to convert all the lead into a sulphate ; being about 20 parts of amd to 


* Journal of the Chemical Society, p. U6, 
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112 of the litharge. The sulphate is afterwards washed and dried in stoves for the 
market, but is very inferior to ordinary white lead. 

Mr. Leigh, surgeon in Mancliester, prepared his patent white lead by precipitating 
a carbonate from a solution of the chloride of the metal by means of carbonate of 
ammonia. On this process, in a commercial point of view, no remarks need be made. 

A patent was granted to Mr. Hugh Leo Pattinson, in September 1841, for improve- 
ments in the manufact^e of white lead, &c. This invention consists in dissolving 
carbonate of ^ magnesia in water impregnated with carbonic acid gas, by acting upon 
magnesian limestone, or other earthy suhstfinces containing magnesia in a soluble 
form, or upon rough hydrate of magnesia in the mode hereafter described, and in 
applying this solution to the manufacture of magnesia and its salts, and the precipi- 
tation of carbonate of lead from any of the soluble salts of lead, but particularly the 
chloride of lead ; in which latter case the carbonate of load so precipitated is tri- 
turated with a solution of caustic potash or soda, by whicli a small quantity of chloride 
of lead contained in it is converted into hydrated oxide of lead, and the whole rendered 
similar in composition to the best white lead of commerce. The manner in which 
these improvements are carried into efiect is thus described by the patentee : — 

‘ I take magnesian limestone, which is W'cll known to be a mixture r>f carbonate of 
lime and carbonate of magnesia in proportions varying at different localities ; and on 
this account I am careful to procure it from places where the stone is rich in magnesia. 
This I reduce to powder, and sift it through a sieve of forty or fifty apertures to the 
linear inch. I then heat it red-hot, in an iron retort or reverberatory furnace, for two 
or three hours, when the carbonic acid being expelled from the carbonate of magnesia, 
but not from the carbonate of lime, I withdraw the whole from the retort or furnace, 
and suffer it to cool. The magnesia contained in the limestone is now soluble in water 
impregnated with carbonic acid gas, and to dissolve it I proceed as follows ; — I am 
provided with an iron cylinder lined with lead, which may be of any convenient size, 
say 4 feet long by feet in diameter ; it is furnished with a safety-valve and an 
agitator, wliich latter may be an axis in the centre of the cylinder, with arms reaching 
nearly to the circumference, all made of iron and covered with lead. The cylinder is 
placed horizontally, and one extremity of this axis is supported within it by a proper 
carriage, the other extremity lieing prolonged and passing through a stuffing-box at 
the other end of the cylinder, so that the agiUitor may Ito turnecl round by applying 
manual or other power to its projecting end. A pipe, leading from a force-pump, is 
connected with the under side of the cylinder, through which carbonic acid gas may 
be forced from a gasometer in communication with the pump, and a mercurial gauge 
is attached, to show at all times the amount of pressure within the cylinder, in- 
dependently of the safety-valve. Into a cylinder of the size given I introduce from 
100 to 120 lbs. of the calcined limestone with a quantity of pure water, ne^irly filling 
the cylinder; I then pump in carbonic acid gas, constantly turning the agitator, and 
forcing in more and more gas, ti II }i])8orption ceases under a pressure of five atmospheres. 
J suffer it to stand in this condition tlirce or four hours, and then run off the contents 
of the cylinder into a cistern, and allow it to settle. The clear liquor is now a solution 
of carbonate of magnesia in water impregnated with carbonic acid gas, or, as I shall 
hereafter call it, a solution of bicarbonate of magnesia, having a spec. grav. of about 
r028, and containing about 1,600 grains of carbonate of magnesia to the imperial 
gallon. 

‘I consider it tlie best mode of obtaining a solution of bicarbonate of magnesia from 
magnesian limestone, to operate upon the limestone after being calcined at a red heat 
in the way described ; but the process may be varied by using in tlie cylinder the 
mixed hydrates of lime and magnesia, obtained by completely burning magnesian 
limestone in a kiln, as commonly practised, and slaking it with water in the usual 
manner: or, to lessen the expenditure of carbonic gas, the mixed hydrates may 
be exposed to the air a few weeks till the lime has become less caustic by the absorp- 
tion erf carbonic acid from the atmosphere. Or the mixed hydrates may be treated 
with water, as practised by some manufacturers of Epsom salts, till the lime is wholly 
or principally removed ; after which the residual rough liydrate of magnesia may be 
actra upon in the cylinder, as described ; or hydrate of magnesia may be prepjired 
for solution in the cylinder, by di8.solving magnesian limc^stone in hydrochloric acid, 
and treating the solution, :or a solution of chloride of magnesium, obuined from sea- 
water by salt-makers in the form of bittern, with its equivalent quantity of hydrate 
of lime, or of the mixed hydrates of lime and magnesia, obtained by completely 
burning magnesian limestone, slaking it as above. When I use this solution of 
bicarbonate of magnesia for the purpose of preparing magnesia and its salts, I 
evaporate it to diyness, by which a pure carbonate of magnesia is at once obtained, 
without the necessity of using a carbonated alkali, as in the whole process ; and 
from this 1 prepare pure magnesia by calcination in the usual manner ; or, instead 
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of boiling to drvness, I merely heat the solution for some time to the boiling 
point, by which the excess of carbonic acid is partly driven off, and pure carbonate 
of magnesia is precipitated, which may then be collected, and dried in the same way 
as if precipitated by a carbonated alkali. If I require sulphate of magnesia, I 
neutralise the solution of bicarbonate of magnesia with sulphuric acid, boil down, 
and crystallise ; or I mix the solution with its equivalent quantity of sulphate of iron, 
dissolved in water, heated to the boiling point, and then suffer the precipitated car- 
bonate of iron to subside ; after which I decant the clear solution of sulphate of 
magnesia, boil down, and crystallise as before. When using this solution of bicar- 
bonate of magnesia for the purpose of preparing carbonate of lead, I make a saturated 
solution of chloride of lead in water, which at a temperature of 60° or 60° Fahr., 
has a specific gravity of about 1*008, and consists of 1 part of chloride of lead dis- 
solved in 126 parts of water. I then mix the two solutions together, when carbonate 
of lead is immediately precipitated ; but in this operation I find it necessary to use 
certain precautions, otherwise a considerable quantity of chloride of lead is carried 
down along with the carbonate. These precautions are, first, to use an excess of the 
solution of magnesia ; and secondly, to mix the two solutions together as rapidly as 
possible. As to the first, when using a magnesian solution containing 1,600 grs. 
of carbonate of magnesia, per imperial gallon, with a solution of chloride of lead 
saturated at 65° or 60° Fahr., 1 measure of the former to 81 of the latter is a proper 
proportion ; in which case there is an excess of carbonate of magnesia employed, 
amounting to about an eighth of the total quantity contained in the solution. When 
either one or both the solutions vary in strength, the proportions in which they are to 
bo mixed must bo determined by preliminary trials. It is not, however, necessary to 
bo very exact, provided there is always an excess of carbonate of magnesia amount- 
ing to from one-eighth to one-twelfth of the total quantity employed. If the excess 
is greater than one-eighth, no injury wall result, except the unnecessary expenditure 
of the magnesian solution. As to the second precaution, of mixing the two solutions 
rapidly together, it may bo accomplished variously ; but I have found it a good 
method to run them in two streams, properly regulated in quantity, into a small 
cistern, in which they are to bo rapidly blended together by brisk stirring, before 
passing out, through a hole in the bottom, to a largo cistern or tank, where the 
precipitate finally settles. The precipitate thus obtained is to be collected, washed 
and dried in the usual manner. It is a csirbonato of lead, very nearly pure, and 
suitable for most purposes ; but it always contains a small portion of chloride of 
lead, seldom less than from 1 to 2 per cent., the presence of which, oven in so small 
a quantity, is somewhat injurious to the colour and body of the white lead. I decom- 
pose this chloride, and convert it into a hydrated oxide of lead by grinding the dry 
precipitate with a solution of ciiustic alkali, in a mill similar to the ordinary mill 
used iu grinding white lead with oil, adding just so much of the lye as may be 
required to convert the precipitate into a soft paste. I allow this paste to lie a 
few days, after which, the chloride of lead being entirely, or almost entirely, decom- 
posed, I wash out the alkaline chloride formed by the reaction, and obtain a white 
lead, similar in composition to the best white lead of commerce. I prepare the 
caustic alkaline lye by boiling together, in a leaden vessel, for an hour or two, 1 part 
by weight of dry and recently-slaked lime, 2 parts of crystallised carbonate of soda 
(which being cheaper than carbonate of potash, I prefer), and 8 parts of water. The 
clear and colourless caustic lye, obtained after subsidence, will have a specific gravity 
of about r090, and when drawn off from the sediment, must be kept in a close vessel 
for use.’ 

More recently Mr. Peter Spence, of Manchester, has patented a process for obtaining 
white load directly from the ores. 

As we have before stated, the manufacture of white lead by the Butch process is 
one the nature of which seems yet enveloped in considerable obscurity. So far as ap- 
pearances go, the action would seem to consist i first, in the oxidation of metallic lead 
by the atmosphere, under the influence of the vapour of acetic acid ; secondly, in the 
production of acetate of lead, by the combination of the oxide of lead with the acetic 
acid ; and thirdly, in the displacement of the acetic acid from its union with the 
oxide of lead, by the action of carbonic acid, and the consequent formation of white 
load. But this iu no way accounts for the fact, that, when acetate of lead is decom- 
posed by carbonic acid, it is carbonate of lead, and not white lead, which is formed* 
Nor can we conceive how an acid like the acetic is capable of being wholly expelled 
from a metallic oxide by a quantity of another acid incapable of completely saturating 
the oxide. In other words, as white lead contains free or uncombined oxide of lead, 
how happens it that the free acetic acid does not remain united to this ? We confess 
our inability to reconcile the facts of the case with the preceding hjyothesis, and 
therefore pass on to another, in which we will assume that acetate of leM^ but not the 
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neutral acetate, is formed as we hare already supposed. Now there are two sub- 
acetates : one composed of six molecules of oxide of lead to one of acetic acid ; and 
the other cousistingof three molecules of oxide of lead to one of acetic acid. We select, 
in preference the former, as it is tlio one which forms naturally w hen acetic acid acts, 
at common temperatures, on an excess of oxide of lead. The composition of this 
salt is such, that, if we can conceive slow combustion to take place, or that its acetic 
acid combining with the oxygen of the air is resolved into water and carbonic acid, 
then the carbonic acid produced would bo exactly sufficient to saturate four atoms of 
the oxide of lead, and leave a compound of the precise composition of white lead. 
On this view, the first action in a white lead stack would he the production of sex- 
basic acetate of lead ; and the next would ho the destruction of this by eremacausis, 
and the formation of white lead. 

The apparatus employed in the manufacture of white lead is extremely simple, and 
consists merely of certain hirge enclosures or spaces, called ‘ beds,' in which the sbicks 
are built up, together with the earth onware-pots needed for holding the vinegar, and 
the machinery used in casting the lead and grinding the white lead, so as to tit it for 
the market. The metallic lead was formerly used in the shape of shoots or coils, which 
were placed perpendicularly over the vinegar pots ; hut this practice has been almost 
everywhere abandoned, and at present the lead is generally cast into wluit arc callod 
‘ crates ’ or ‘ grates,’ and having the appearsince of lattice-work ; the object being to 
expose as large a surface as possible of metallic lead to the action of the vapour of the 
vinegar. The beds are of considerable size ; and, in tins respect, some diversity of 
opinion prevails amongst practical men ; but it seems pretty certain tliat no advantage 
is gained when the area of a bed comes to exceed 300 square feet ; and there are many 
reasons for believing that, with beds of twice this area, the gain, in point of diminished 
labour, is much more tlian compensated for by the reducud produce in white lead. 
Nevertheless, each manufacturer seems to entertain an opinion of his ow'n in respect 
to this matter ; and there are even some pretensions to sccresy concerning it. In fact, 
everything depends upon the construction of the bed, for it is this wiiich regulates 
the production of white lead ; and, as a proof of the great importance connected with 
this circumstance, we may here mention, tliat, wiiilst one manufacturer has produced 
as much as 65 per cent, of corrosion during a long course of years, another in his im- 
mediate neighbourhood has never been able to exceed 52 per cent. The bods of the 
former are 16 feet square, whilst those of the latter are 19^ feet square; and, in 
dwelling upon the details of this operation, we shall find that theoretically, a bed may 
be too large, as the above practical fact indicates. 

In forming a stack, it is uecessaiy’ to begin by laying, in the first instance, a bed of 
spent tanners’ bark, 3 feet in thickness, over the surface of the bod ; and upon this 
are placed the earthenware-pots containing the vinegar. These are arranged side by 
side, and filled to about onc-third of their contents with vinegar, of a strength equal 
to 6 per cent, of anhydrous acetic acid. Upon those pots are X)lac(4 the crates of 
lead, and over all a series of boards are arranged, wiiich form a floor for the next 
layer of spent tan. Such an arrangement as we have described is tleiiominated ‘ a 
b^,’ but there is this difference between the beds, viz, that the kjw^est or bottom bed 
has a bed of tan S leet in thickn(?ss, w hereas but one foot only is needed in the others. 
Having finished the lowest bed, 12 inches of sjient tan are now' placed u])oii the 
boards, and a similar arrangement of pots, crates, and boards takes place, wiiich con- 
stitutes the second bed ; this is followed by a third, a fourth, and so on, until at last 
the uppermost bed is finished; when a layer of spent tan, 30 inches in thickness, is 
jjlaced over the whole, and the operation may be said to commence. In six or eight 
days the tan begins to ferment and evolve heat ; and tliis goes on increasing for some 
weeks, when it gradually diminishes, and at the end of about three months the whole 
has become cool, and the s^k is fit to be taken down. When examined, the pots, 
which formerly contained vinegar, will now bo found to bo quite empty, or to hold a 
little water merely, but no acetic acid ; the leaden crates will bo discovered to have 
increased sensibly in bulk, to have become coated with a thick and dense incrustation 
of white lead, and in somo places even to have become altogether converted into this 
substance ; whilst the tan, having lost its fermentative quality, is now useless, except 
as fuel. 

The successive beds constituting the entire stack are next carefully removed, so as 
to obtain the white lead with the least possible admixture of the tan ; and as a portion 
of this substance always adheres to the crates, these are washed in a kind of wear or 
trough, by which the whole of the tan is thoroughly separated. When this is seen 
to be complete, the corroded part of the plate or ‘ white lead ’ is detached from the 
unoorroded or ‘ blue lead,* either by means of rollers or with a mallet. The blue lead 
is weighed, and, for the most part, remelted and again cast into crates ; wliilst the 
vhite lead is fiM crushedi and afterwards ground in water into a fine powder, when 
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it iH eollt>ctod by elutriation and dejwsition, and dried in stovee, a little below the 
boiling point of water. Formerly this grinding was performed in the dry way, and 
nuieh injury to the health of the workmen thus resulted ; but for many years past 
the wot mode of grinding has been general, and is greatly to be preferred. 

WBXTXira. Chalk levigated and carefully washed, after which it is formed into 
bills. 

WICB (Mechey Fr. ; Docht, Ger.) is a spongy cord, usually made of soft spun 
cotton threads, which by capillary action draws up the oil in lamps, or the melted 
tallow or wax in candles, in small successive portions, to bo burned. In common wax 
and tallow candles the wick is formed of pirallel threads ; in the stenrine candles the 
wick is plaited upon the braiding machine, moistened with a very dilute sulphuric acid, 
and dried, whereby as it burns it falls to one side and consumes without requiring to 
bo snuffed ; in the patent candles of Mr. P.almer one-tenth of the wick is fii-st imbued 
with suhnitnito of bismuth ground up with oil ; the whole is thou bound round in the 
manner called gimping ; and of this wick, twice the length of the intended candle is 
twisted double round a rod. This rod with its coil being inserted in the axis of the 
candle-mould is to be enclosed by pouring in the melted tallow ; and when the tallow 
is set the rod is to be drawn out at top, leaving the wick in the candle. As this 
CJindlo is burned, the ends of the double wick stand out sideways beyond the flame ; 
and the bismuth attached to the cotton being acted on by the oxygon of the atmo- 
sphe re causes the wick to be completely consumed, and therefore the trouble of snuffing 
it is saved, 800 Candles. 

‘WZNCZirG MBCBXn’E is the English name of the dyers’ reel, which lie sus- 
pends horizontally, by the ends of its iron axis in hearings, over the edge of the vat, 
so that the line of the axis, being placed over the middle partition in the copper, ^vill 
permit the piece of cloth which is wound upon the reel to descend alternately into 
either compartment of the bath, according as it is turned by hand to the right or the 
left. See Dyeing, 

WZirs is the fermented juice of the grape. This beverage has been in use from 
the earliest periods of man’s history. Wo have, however, only space to deal with 
wine in its modern relations. 

In the reign of Elizabeth the wines chiefly in use in England were those of Gas- 
cony, Burgundy, and Guionno, which, with Canary, Cyprus, Grecian Malmsey, 
Italian A^ernage, Rhenisli Tent, Malaga, and others, wore ‘ accomptod of, because of 
their strength and valure.’ 

In the time of Cliarles II. ‘the consumption of French wines was two-fifths that 
of the whole of England. The favourite wines were then Bordeaux, Burgundy, and 
Hermitage. Champagne, although known in England in the reign of Heniy VIII., 
did not come into use till that of Charles II. 

The strong wines of Burgundy, the white wines of Spain {Sherris-saeJe or Sec), and 
the red wines of Portugal, first came into use about 1690 a.d. Port wine Was at 
first a much lighter wine than it afterwards became. According to Baron Forrester, 
the first Port wine introduced into tliis country, was not from the Douro, or oven 
shipped at Oporto. It was a wine resembling the Claret of Burgundy. 

The wine-growing countries are especially the more southern states of Europe, 
whore the grapes, being very saccharine, afford a more abundant production of 
alcohol, and stronger wines, as exemplified in the best Port, Sherry, and Madeira. 
In the more temperate climates, such as the district of Burgundy, the finer-flavoured 
wines are produced ; and there the vines are usually grown upon hilly slopes fronting 
tile south, with more or less of an easterly or westerly direction, as on the Cote- 
d’Or, at a distance from marshes, forests, and rivers, whose vapours might deteriorate 
the air. The plains of this district, oven when possessing a similar or analogous 
soil, do not produce wines of so agreeable a flavour. The influence of temperature 
becomes very manifest in countries further north, where, in consequence of a few 
degrees of thormomotric depression, the production of generous, agreeable wine be- 
comes impossible. 

The land most favourable to the vine is light, easily permeable to water, but some- 
what retentive by its composition ; with a sandy subsoil, to allow the excess of moisture 
to drain readily off. Calcareous soils produce the highly-esteemed wines of the C6te- 
d’Or ; a granitic debris forms the foundation of the knds where the Hermitage wines 
are grown ; siliceous soil interspersed with flints furnishes the celebrated wines of 
Chdteau-Neuf, Fert4, and La Gaude ; schistose districts afford also good wine, as that 
called la Malgue. Thus we see that lauds differing in chemical composition, but 
possessed of the proper physical qualities, may produce most agreeable wines. Aa u 
striking example of these effects, we may adduce the slopes of the hills which grow 
the wines of Montrachet. The insulated part towards the top fhmishes the wine, 
called Chevalier Montrachet^ which is less esteemed, and sells at a much loww pricey 
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than the delicious wine grown on the middle height, called true Monirachet, Bonoath 
this district and in the surrounding plains the vines afford a far inferior article, called 
ba$tard Monirachet, The opposite side of the hills produces very indifferent wine. 
Similar differences, in a greater or less degree, are observable relatively to the dis- 
tricts which grow the Pomard, Volnay, Beaune, Nuits, Clos-de-Vougeot, Chambertin, 
Boman^o, &c. Everywhere it is found that the reverse side of the hill, the summit 
and the plain, although generally consisting of like soils, afford inferior wine to the 
middle southern slopes. 

In the district of M6doc the soil is mainly a quartzoso gravel, with a subsoil of 
argillaceous sand, sometimes compacted by brown iron ore, known as alios^ which in 
the neighbouring or southern district of Graves becomes more sandy, and marly, over- 
lying the limestones wliich form considerable cliffs in the neighbouring department of 
Dordogne. These latter are known as the Cotes, the thin soils above them producing 
the generous wine of St.-Emilion. Other examples of limestone soils are furnished by 
the Cote-d’Or, the great wine- producing district of Burgundy, a chain of limestone 
hills wliich extends for about 36 miles, from Dijon to Ch&lons-sur-Siiono, and include 
the famous vineyards of Clos-de-Vougo6t, Chambertin, Nuit-sur-Ravicr, &c., which 
are situated on their eastern slope. In Champagne the soils are mainly a clayey and 
sandy alluvium above chalky limestones, very usually barren when too exclusively 
sandy or calcareous, so that it is necessary to dress the soils with clay, in order to 
produce tlic fertility required for vine-growing. Ou the Rhine and the tributary 
vine-growing valleys of the Maine, Moselle, Lahn, and Ahr, the soils are generally 
decomposed clay-slate, more or less quartzose, of Devonian age. The vineyards are 
situate on the steep hill-sides, the soil being retained by terrace- walls, the wash of 
the winter rains being received by earth ciirried up in bsiskets every spring. In the 
Sheriy-producing districts, of the neighbourhood of Cadiz, the finest wines are pro- 
duced from an argillaceous calcareous soil known as albariza, while a lighter and less 
valuable wine is given in the lower sandy soils or arenas. On the southern slopes of 
tlie Sierra Nevada, in Spain, the rines grow in a deep natural soil produced from the 
decomposition of clay-slate, without terracing up to a height of about 3,000 feet alMjve 
the sea-level. The produce is a sweet wine used in the production of Sherry and 
Malaga at various places in the south of Spain. 

For the vine, a manure supplying azotised or animal nutriment may be used with 
great advantage, provided ciire be taken that it may not, by absorption in too crude 
a state, impart any disagreefiblo odour to the grape, as sometimes happens to tho 
vines grown in the vicinity of great towns, like Paris, and near Argeiiteuil. There 
is a compost used in Franco called animaUsed black, of which from J to ^ of a litre 
(old English quart) serves sufliciontly to fertilise the root of one vino when applied 
every year or two years. An excess of manure, in rainy seasons especially, has tho 
effect of rendering toe grapes large and insipid. 

The famous vineyards of Steinberg and Johaunisberg, on the Rhine, and Ch4tcau- 
Margaux, in M<idoc, are heavily manured, each consuming the whole of the manure pro- 
duced on a large grazing farm of about 600 acres, or from 6 to 8 times its own area. 

I'he ground is tilled at the same time as the manure is applied, towards the month 
of March ; the plants are then dressed, and the props are inserted. The weakness of 
the plants renders this practice useful ; but in some souLheru districts the stem of the 
vine, when supported at a proper height acquires, after a while, sufficient size and 
strength to stand alone. The ends of the props or poles arc either dipped in tar, or 
charred, to prevent their rotting. The bottom of the stem must be covered over 
wdth soil afte^ the spring rains have washed it down. The principal husbandry of the 
vineya^ consists in dig^ng or ploughing, to destroy too weeds, and to expose the soil 
to the influence of the air during the months of May, June, and occiisionally in August. 

The fruit of the same plant when transferred to a diffi-rent soil loses its peculiar 
characteristics ; tons one and the same vine produces Hoc^k upon the Rhino, Bucellas 
in Portugal, and Sercial at Madeira. It has been found that vines from Germany, 
France, Portugal, and Spain transplanted to the Cape of Good Hope and Australia, 
have in no one instance produced wdno assimilating to the peculiariti(^s of the original 
plant ; apd no European vine has hitherto succeeded when transplanted to the United 
States, although wine is made at Cincinnati from American grapes. 

The finest known wines are tho produce of soils the combination and proportions 
of whose ingr^enta are extremely rare and exceptional ; and co-operating with 
these they require the agency of peculiar degrees of light, moisture, and heat The 
district of Xeres, which has so long supplied us with Sherry, is mapped out so accu- 
rately by the line of its peculiar soil that its dimensions are known by tho acre. The 
vine which produces Port on the hills above the Douro yields a totally different wine 
in the vicinity of the Tag^. The wine district of tho Khinegau, between Mayence 
and Bndesheim, is but 9 miles in length by half as much broad. The south side of a 
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single hill produces Johannisberg; and Stein oerg is the vineyard of a suppressed 
monastery. The numerous wines of Burgundy and the Garonne take their names 
respectively from circumscribed spots ; and so narrow and apparently so capricious are 
the respective limits, that a ditch divides portions which from time immemorial have 
been sought with avidity, from others which in the market will uniformly bring but 
ono-fifth the price. The produce of the celebrated vineyard of Lafitte, near Bordeaux, 
for the year 1848, was sord at 4,000 francs per tun, while the wines of the immediate 
noighbonrhood realised only 200 francs. The proprietor of a vineyard which is only 
sepamtod from that of Lalitte by a narrow gully, a few years since expended a large 
sum of money in endeavouring, by improved cultivation, to assimilate his wines to 
that of Lafitte. To some extent he improved the quality, but the wines never ap- 
proached the peculiar character of the Lafitte, while the expense incurred was so enor- 
mous that the enterprising proprietor was ruined. The costly Clos-de-Vougeot grows 
in a farm of 80 acres. Komanee-Conti is but 6,^ ; and the famous Montrachet of the 
Coto-d’Or is distinguished into three classes, of which one sells at one-third less than 
the other two, ‘ yet these qualities are produciul from viney.ards only separated from 
one another by a footpath ; they have the same aspect, and apparently the stime soil, 
in which the same vines are cultivated and managed in precisely the same manner.’ — 
{Henchraov. on Wines.) One small valley in Madeira alone produces tho finest Malmsey. 
(See Sir Emerson Tennent On Wmr^ its Uses and Taxation^ Art and horticultural 
science have, ho remarks, been applied to extend the limits thus circumscribed by nature, 
])Ut witli such unsatisfactory results, that, as a rule, it may be stated that tho higher 
cliiss wine of any known district has not been successfully reproduced beyond it. 
The red ■w’incs of Portugal grown in tho Alto Loiiro can no more bo made in tho ad- 
joining provinces of tho Miiilio or Boira than tho white wines of Spain could bo suc- 
cessfully imitated on the Khiuc. 

Vine Diseases . — Tho Gidium Tuckeri is the name given to one of tho diseases, 
Mr. Tucker having first carefully observed tho growth of this destructive microscopic 
fungus. In connection with the cultivation of the vine, and the manufacture of wine, 
it is necessary that the peculiar characteristics of this disease should bo described. 

It is stated that tho epidemic first showed itself in a liothouse in England in 1845. 
White efflorescences were remarked, which covered tho rine ; the grapes were soon 
after attacked, and, hindered from swelling, tho skin burst, and at last they bocamo 
rotten and fell off. In 1847 it appeared in France; attacking fii’vSt tho hothouses, it 
spread rapidly to the trellisod vines, and to those cultivated near the ground. It then 
invaded Spain, wdiich it devastated; and finally, in 1851, made its appearance in Italy. 
This fungus attacks tlie hinder parts of the rinc, and rarely the stems. The leaves 
and tendrils also become more or less attectod, tho groon colour of those parts 
becoming paler, and marked with a dark yellow, as if burnt, and emitting an offensive 
smell. It was fancied at first that the fungus was produced by the puncture of an 
insect, and its presence was .actually ascertained in the seed of the grape, and on the 
hinder side of the lesif. I’his insect est4il)lished itself on tho leaves, and formed a 
cobweb-like film, rising like a blister on the upper part of the leaf. The birth of it 
is, however, now generjilly admitted to be posterior to the invasion of the didio. 

The ‘Eeports of Her Majesty’s Secrebxries of Embassy and Legation on tho Effects 
of the Vino llisea.so on tho Commerce of the Countries in which they reside ’ all point 
to sulfihur as tho only reliable remedy for this disejise. The most practical method of 
applying sidplinr to the vines was that introduced by Dr. Ashby Price. By boiling 
sulphur and lime together in water wo obtain a brilliant yellow solution, which is a 
sulphide of lime ; with a diluted solution of this the vines are washed over every part. 
By the action of the carbonic acid of tho pl.-int it is speedily decomposed, and over 
every part a thin white film of sulphur is produced, which effectually destroys the 
parasite without injuring the vine. 

Within tho last few yejirs tho vines of tho south of France have been ravaged by a 
new disease due to the invasion of a parasitic insect named by M. Planchon Phyllox(Ta 
vastata. Tlie first appearance of the disease was in 1865, when it was observed in 
tli(i neighbourhood of Avignon, Dep. of the Gard. In tho following year it spread 
from this centre, and also appeared in several localities in tlie Deps. of Vaucluso and 
the Boiiches-du-Rhone. Spreading at first gradually, but afterwards with alarming 
rapidity, tho disease has extended to such an extent that in 1873 it had established 
itself in no fewer than twelve departments. Tlie dreadful destruction which it causes 
may bo seen by comparing the statistics of tho grape-crops of recent years with those 
of the same localities prior to the appearance of tho Phylloxera. For example, in the 
Commune of Gravesou tho mean crop ju.st before tho year 1865 was 10,000 hectolitres ; 
this lunoiint then l^ecame reduced year by year, imtil in 1873 it reached only 50 hecto- 
lirres. In some Communes the crops have been almost entirely destroyed. The 
Phylloxera, which is undoubtedly the cause of all this mischief, is a very minute 
Yoi.. III. 4 D 
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insect, measuring not more than l-33r(i of an incli in length. From April to October 
it continues active, hut during the rest of the year it hybernatos. When the Pliylloxora 
attacks a vine, the rootlets exhibit peculiar swellings, and the insects multi ];)ly so 
rapidly as soon to overrun all the roots, and by absorWng nourishment from the plant, 
reduce it to a totally exhausted state. Soon after the disease appeared, the Frencli 
Academy of Sciences appointed a commission to investigate the subject. Although a 
large number of remedies have been suggestod and tried, it can hardly l .)0 s/iid that 
any of them have as yet (1874) been successful in coping with the difficulty. Perhaps 
the best means of eradicating the parasite is to place the vineyard under water as soon 
as the disease appears ; but such means evidently admit of only local application. 

Vintage , — The vintage, in tlie temperate provinces, generally takes place about the 
end of September, and it is deteriorated whenever the fruit is not ripe (mough before 
the 16th or 20th of October ; for, in this case, not only is the must more acid and less 
saccharine, but the atmospheric temperature is apt to fall so low during the nights, 
as to obstruct more or less its fermentation into wine. The grapes should be plucked 
in dry weather, at the interval of a few days after they are ripe ; being usually 
gathered in baskets, and transported to the vats in dorsels, sufficiently tight to prevent 
the juice from running out. Whenever a layer about 14 or 16 inches thick has been 
spread on the bottom of the vat, the treading operation begins, which is usually 
repeated after macerating the grapes for somcj time, when an incipient fermentation 
lias softened the texture of the skin and the interior cells. When the whole bruised 
grape.s are collected in the vat. the juice, by means of a slight fermentation, reacts, 
upon the colouring-matter of the liiisks, and also upon the tannin contained in the 
stono.s and the fruit-stalks. The process of fermentation is sulferedto proceed without 
any other precaution, except forcing down from time to time the pellicles and p(‘dicles 
floated up by the CJirbotiie acid to tin* top. 

With whatever kind of apparatus the fermentation may have been regulated, as 
soon as it ceases to be tumultuous, and t,he wine is not sensibly saccharine or muddy, 
it must l)e racked off from the lee.s, by moans of a spigot, and run into the ripening 
tuns. The marc being then gently squeezed in a press, affl)r(ls a toleraldy eJeai’ wiru*, 
which is distributed among tlie tuns in equal proportions ; but tlie liquor olitained ]>y 
stronger pressure is reserved for the casks of inferior M ine. 

In the south of France the fermentation sometimes proceeds too slowly, on account 
of tlie must being too saccharine : an accident which is best counteracted by main- 
taining a temperature of about 06° or 68° Fahr. in the lun-rooin. Wlien the must, 
on the other hand, is too thin, and deficient in sugar, it must be partially concentrated 
by rapid boiling before the whole can be made to ferment into a good wine. By 
lioiling up a part of the must for this purpose, the excess of ferment is at the same 
time destroyed. Should tliis concentration be inconvenient, a certain I'roportion ot 
sugar must be introduced, and immediately after racking it off. 

The specific gTavity of must varies wutli the richness and ripeness of the grajics 
which afford it; being in some cases so low as 1-0627, and in others so liigh as ]*2S6. 
This happens particularly in the .soutli of France. In the district of tlie Necker in 
G^ermany, tlie spec. grav. varies from rOoO to 1*090; in Heidelberg, fjom 10.)‘J to 
]*091, but it varies much in different years. 

After the fermentation is complete, the vinous part consists of water, alcohol, ;i 
colouring-matter, a peculiar aromatic principle, a little undeconiposed sugar, bitartrate 
and malate of potash, tartrate of lime, chloride of sodium, and tannin ; the hitler sub- 
stances being in small proportion. 

It is known that a few green grapes are capable of spoiling a whole cask of wine, 
and therefore they are always allowed to become coinphitely riiw, and evim sometimes 
to undergo a species of slight fermentation before being plucked, whicli completes tlie 
development of the saccharine principle. At other times tlie grapes are gathered 
when they are ripe, but are left for a few days on wicker-floors, to sweeten, before 
being pressed. 

In general the whole rintage of the day is pressed in the evening, and the resulting 
must is received in separate vats. At the end usually of six or eight hour.s. if the 
temperature be above 60° Fahr., and if the grapes have not been too cold when 
plucked, a froth or scum is formed at the surface, which rapidly increases in thickness. 
After it acquires such a consistency as to crack in several places, it is taken off with 
a skimmer, and drained ; and the thin liquor is returnwl to the vat.. A few liours 
afterwards another coat of froth is formed, which is removed in like manner, and 
sometimes a third may be produced. The regular vinous fermentation now begins; 
characterised by air-bubbles rising up the sides of the staves, witli a peculiar whizzing 
as they break at the surface. At this period all the remaining froth should be quickly 
skimmed off, and the clear subjacent must be transferred into barrels, where it is left 
to ripen by a regular fermentation. 
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The white wines, which might bo disposed to become string 5 % from a deficient 
supply of tannin, may bo presorvod from this malady by a due addition of tlie foot- 
stalks of ripe grapes. The tannin, while it tends to preserve the wines, renders them 
also more easy to clarify, by the addition of white-of-egg or isinglass. 

The white wines should be racked off as soon as the first frosts have made them 
clear, and at the latest by the end of the February moon. By thus separating the 
wine from the lees, the fermentation wWch takes place on the return of spring, and 
which, if too brisk, would destroy all its sweetness by decomposing the remaining 
portion of sugar, is avoided or rendered of little consequence. 

The characteristic odour ]X)Ssessod by all wines, in a greater or less degree, is pro- 
duced by a peculiar sulistance, winch possesses the characters of an essential oil. As 
it is not volatile, it cannot bo confounded with the aroma of wine. When largo quan- 
tities of wine are distilled, an oily substance is obtained towards the end of the 
operation. This may also be procured from the wine lees which are deposited in 
the casks after the fermentation has commenced. It forms 1 -40,000th part of the 
wine, and consists of a peculiar acid, and ether, each of which has been called the 
amaiiihic. The acid is analogous to the fatty acids, and the ether is liquid, but in- 
soluble in water. The acid is perfectly white when pure, of the consistency of butter 
at 60*^, melts with a moderate heat, reddens litmus, and dissolves in caustic and car- 
bonated alkiilis, as well as in alcohol and ether. (Eminthic ether is colourless, has an 
extremely strong smell of wine, which is almost intoxicating when inhaled, and a 
powerful disagreeable taste . — Liebig and Pelou^^e. 

PoKTUCJAL. — Port Avino is the produce of a single well-tlefined district in the north 
of Portugal, extending 8 leagues west and east from the Serra do Marao, an elevation 
of 4,400 feet above the level of the sea, to the Quinta da Baleira. near San JoiXo da 
Pesqueira, and 4 leagues north and south between Villa Real and Lamego. The 
returns of the Auntages in this area, knowTi as the Alto Doiiro, from 1843 to 1851, show 
the average production of qualities fit for use in ordinary years to be 03,508 pipes, in 
additio?! to Avhich there are 20,633 pipes of refuse, fit only for distillation ; in all 
84,211 pipes. 

The alcoholic contents of Port wine, as given by Brando, are : — The maximum 
quality, 23*92 ; the minimum, 19*82. 

Dr. Christison gives the alcoholic contents of Port wine in volume as : — Weak, 18 ; 
average of seven kinds, 20; strong, 21. 

Red w'ine of a good character is grown in the vicinity of Pigueira, and sometimes 
shipments have tiiken place from that port and from Anoro for the English market. 

Portugal, in addition to Port wine and its congeners, yields a A'ariety of other wines 
of a sound and good charactei* ; and at on() time England consumed, though never 
very largely, the white wines of Xisbon and BuccUas, and the red wines of the IVIinho 
and Beira ; Init the taste for them changed ; it w’as transferred to tho drier and 
stronger-bodied wines of Spain, and their importation came to an end. 

Spain. — Tho Sherries of Spain haAm long been faA'ourite Avines in England and the 
United States. In 1840, Sir E. Tennent informs us the consumption attained an 
average of 2.500,000 gallons, and in 1854 it had risen to 2,751,230 gallons. The more 
recent imports into tiiis country will be seen in the Table at the end of this article. 

In tho Ikmjue Provinces a light wine, called Chacoli^ is produced, but not in largo 
quantities. Mr. Luniley git’es tho A^alue of the vt’iries of this district as 17,072/. 

Alicante produced about 21,118 pipes of wine in 1857- 

Valencia produciid about 150,000 pipes of 100 gallon.s each. 

Cadiz produces annually from 60,000 to 70,000 butts of new wine {Mosto) at about 7/. 
per butt. Tho Sherries exported from this district are never under three to four years old. 

Barcelona is stated to produce 85,000.000 gallons. 

Tarragona exports by sea about 35,000 butts, and a large portion is consumed in the 
proAunee. 

Malaga. —Many kinds of grapes are cultiA'ated in this province. The Pedro Ximenos, 
Doradillo, and Don Bueno are cultiA'ated entirely for the manufacture of wine. The 
Uvas de Parra or trellis vino, the Passa larga or bloom raisin grape, and the Loja, 
which is shipped green for England for table use, are cultivated for exportation as 
fruit. Of Malaga wdne the annual produce is on the average about 20,000 butts. 
Three butts of Malaga wine yield one of brandy, while ten butts of French wine are 
required to produce the same quantity of spirit. This brandy is used to cure the wines. 

Aragon produces a large quantity of wino, those Avhich are most preferred being the 
wines of Campo de Carinena. Many of the wine districts of Old Castile produce also 
large quantities of wine. 

‘At present many of Spanish Avines are not only so badly made that they will 
not keep for two years, but their quality is much injured from their being kept and 
transported in pig-skins.’ — Correspondent of the Sea'ctary of Legation at Madrid, 

4 p 2 
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Spain produces an enormous quantity of wine wliieh is not suitable for the English 
market. Mr. Porter estimated that, good, passable, and bad, it amounted to 
120,000,000 gallons ; but (says Sir E. Tennent) the testimony is concurrent that, 
except in Andalusia and a few other minor localities, its manufacture is so imperfect, 
its qualities so peculiar, and its flavour so extraordinary, from carelessness, dirt, and 
other causes, that it is not presenttible in the English market. Dr. Gorman, in his 
evidence before the House of Commons Committee, says : — ‘ No natural Sherry 
comes to this country ; no wino house will send it ; the article you get is a mixed 
article ; if they gave ypu the natural produce of Xores it. w'oiild not suit you ; in all 
probability you W'ould say it was an inferior wine ; our Uiste is artificial, bocauso wo 
are not a wine-drinking people.’ 

Brande gives the alcohol in Sherry 18‘37 the. maximum, and 17'00 the minimum, 
while Dr. Christison gives the following result from his examination: -Weak, 17 in 
volume ; average of 13 old wines, 18; strong, 20 : Madre de Xores, 21. 

The Montillado of Spain is a wine which appears to depend for its character on the 
soil, which is a white soil called alhariza^ containing 70 per cent, of carbonate of 
lime, with alumina, silica, and a little magnesia. The Manzanilla is the produce of 
the barros, or red earths, somewhat sandy. 

Sicily, as proiluciug the celebrated Siciliaji Marsa^.a, is perhaps next in importaneo. 
Marsala resembles ordinary sherry in many respects ; it is, when good, a wholesome, 
and, as it is technically described in the trade, a clea7i wine. Of Marsala, Sicily pro- 
duces not less than 2,143,370 gallons. Sicily also produces rod wine, but of a very 
coarse quality. 

IVlAUEmA and the Canakiks produce a wine, the former under the name of the 
place of its production, being well known. Its consumption has never, however, been 
very large. The produce of the island has rarely exce(xled 2r>,000 pipes. In 1854 
we imported 42,874 gallons. 

Cape of Good Hope. — Cape wive has never found much favour in this country. 
Jn 1854 we imported 275,382 gallons, whereas in 1825 we obtained 070,000 gallons. 
This wine is used to some extent in the manufacture of ‘ British wines.’ 

South African l^ori and Sherri/ were at one time sent to the English market ; and, 
as the price was remarkably low as compared with llie Dortuguiise and Sjiaiiish 
vines, a large demand was created ; but on tbe abolition of the differential duties in 
t heir favour on the conclusion of the Treaty of (.'ommeree with I'rancc, they were 
unable to compete with the better qualities of wine produced in Europe. 

The only Capo wino of any reputation is ConKiantia, a rod liqueur wino produced 
on the farm of J. P. Kloete. 

Australia. — Vino-growing and the manufacture of wino is ])ractised in each of tlie 
ihree southern colonies of Australia, Now South AVales, Victoria, and South Australia. 
The total produce being about 1,500.000 gallons aiiuualiy. I'he wines are of diff-rtnt 
qualities, maiidy rod, and resemble Burgundy oj- the fuller wiiu-s of the South f'f 
]->ance. The white wines resemble Saiiterries or Muscatel, bur all are more or less 
disguised by the addition of alcohol. Lately, however, tliis practice lias been to a 
great extent discontinued. 

Before we proc(*ed to tlio more important wines of Erance and Germany, we must 
say a few w’ords on — 

"United States. — Catawba Wine. — About the yeai* 182(1, ‘the Catawba,’ a native 
Ainericaii grape, was first, brought intd notice by Miijor Adluni, who had found it 
growing in a garden at Georgetown, near Washington. U'his vim-, which is derived 
from the wild fox grape, has gradually supplaiiU-1 all oliiers, and is now ado]>led, 
almost universally, throughout the United Suites for making wine. It imparts a very 
peculiar musty flavour to the vine. displeasing when first tasted to many palates; but 
this dislike is easily removed by habit, and the wino is much ruli.shed in Ohio and 
Missouri, where it sells readily at good prices. 

About 3,000 acres are cultivated as vineyards in the stat e of Ohio ; 500 in Kentiickv ; 
1,000 in Indiana; 600 in Missouri; 600 in Illinois; 100 in Gwirgia ; 300 in North 
Carolina; and 200 in South Carolina. It is calculated that at least 2,000,000 gallons of 
wine are now raised in the United State.s, the value of which may be taken at a dollar 
and half the gallon. This is in addition to a large amount produced in California. 

In the United States the wine-press is constructed much on the same principle as 
the ordinary screw cider-press. It has an iron screw 3 or 4 inches in diameter, in a 
strong, upright frame, A box platform, 6 or 7 feet square, of 3-ineli jdank, is wedged 
into heavy timbers, and in this a box to contain the mashed grapes is placed, t he box 
being perforated vith holes. Bauds to fit loosely inside the box, and pieces of scantling 
to receive the pressure, complete the implement. The power is applied by a strong 
lever, and the juice runs out through a hole in the floor, and is led into the cellar 
beneath by means of india-rubber pipes. Before being subjected to pressure, llio 
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p^r.apcs are bruised in a small -wooden mill. Wlien it is intended to make red wine, tho 
grapes mashed by this process are allowed to stand for two or three days, and are then 
pressed, in order that the colouring-matter in tho skins may bo absorbed by the grape 
juice or ‘ must.’ A sample of good Catawba Aviiio examined by Dr. Chapman was 
found to contain 11 ’o per cent, of alcohol. 

Large quantities of sparkling wine are made at Cincinnati, and at St. Louis, and 
sold as sparkling Catawba. 

OnRMANY. — TIio principal wine-producing districts of Germany are situated in the 
Khino valley and its tributaries ; the chief vineyards being in the narrow portion of the 
ri ver known as the Rhcingaii, between Miiinz and Assmannshausen. The generic name 
of Hock^ given to the produce of this district in England, is derived from Hockheim, 
which is, however, not on the Rhine, but on the nortli l)ank of the Main, about 3 miles 
enst of Mainz. The fine wines of the Rheingau are among the most perfect products 
of tho wine-grower’s skill ; being remarkable for their delicate flavour and bouquet. 
The first place is lield l)y tho low vineyards of .Steinberg, belonging to the Prussian 
( iovernment and 8cbloss Joliannisberg, tho property of Prince Metternich. The prtic- 
tico of allow'ing tho grapes to become dead ripe before gathering prevails hero, in tho 
same manner as described in tho picking of the line wines of Sautemes. The other 
]>rincipal centres of production in tho Rheingau are at Rudesheim, Marcobrunn, and 
( Icisenheim. At Assmannshausen and Ingelbeim, red wines are produced from a Bur- 
gundy grape. Other red wines are made at Runkel, on the Ijahn, and more particu- 
larly in the valley of the A hr, wRich, under the names of Walportzhcimcr and Ahr- 
bleichart, is in considerable demand for local consumption at Bonn, Cologne, and other 
towns on the lower Rhine, 

Tho principal vineyards of tlic Moselle are situated between Trier (Treves) and 
Coblcriiz, the villages giving their names to the best known growths, being Zeltingen, 
I’ic'sport, and Brauneborg. The wnnes resemble those of the Rhine valley, but arc lighter, 
and have loss flavour. They mature quickly, but will not keep for any length of time. 

A eonsideralde amount of effervescing wine is produced at ^mrious manufactories 
(Schatumveinfahrik), at Gobi entz, and other phu-cs on llie Rhine; both Rhenish and 
.Moselhi wines being so treated. The natural deficiency of saccharine juatter in the -wine 
is supplied hy the addition of sugar. The so-called niuHcaUd tiavour of tho sparkling 
Most'ile and IToek is mainly derived from the alcoholic infusion of elder-flowers. 

Austhia. — The total average vintage in Austria is estimated at 158,986,000 florins 
--3.07-1,650/., while the A'alue of the wine production amounts only to 40,000,000 
florins, or about 1,000,000/. sterling. 

''I’he Austrian wines are on the average but of middling quality ; yet there are some 
wliieli can bear comparison with all but tho very best Rhino, Prench, and Spanish 
wines. The principal wines of Austria and Hungary are — 

' Jiid grown at Jh’lan, Carlowitz, Szeksard, Buda, Adelsberg, Villau, and 

St. Andre ; 

• Schiller triju’s,' a pale, reddish-coloured wine, grown at Erlan and ('’arlowitz ; 

‘ White wines,'' grown at Pesth, Steinbruch-P>erg, Tottaln, Moor, Toting, Voslaii, 
and Rust ; 

* ll'ba .s- of the first pre^s,^ grown at Rust and Oedenbiirg. 

I'uANCE.-— The chief wine-growing districts of France are Provence, Languedoc, 
Ivoussillon, Auvergne, Bourgogne, .Saintonge, and Champagne, the rich valleys of the 
Card, Herault, Garonne, Dordogne, the Loire and the Rhone, and the neighbouring 
departments as far as the J^yrenees, the Halites- PjTcnees, and the Pyr^nees-Orieutales. 

The average production of wine per annum is between 40,000,000 and 42,000,000 
hectolitres (of 22*0096 gallons English). 

The following account of the principal French wines is condensed from Viscount 
('lielsea’s Report on the Effects of the Vine Disease, Ho divides France into six 
}>rincipal districts ; — 

1st. "J’he southern, including Corsica, Roussillon, Languedoc, and Provence. 

(a.) Cars leaf i. Corsica produces both dry and sweet wines, hut in quantities too 
small for exjwtJition. 

(h.) RoKssillon. These wines are produced exclusively in the Department of the 
PyreiH^s-Crientales, which cont^iins about 125,000 acres of vineyards. Sweet, dry, 
and ordinary wines are equally abundant. .Strong, rich in colour, and being generous, 
they kt ep long, travel well, and are good for mixing with others. There are three. 
rccogiiiscHi varieties, 1st, those of Banyiils, of (’ollioure, and of Port Vendres, red 
wines wliich generally iniprove -with ago : 2iid, those of Rivesaltes; the greater portion 
being ordinary wines of commerce, deep and brilliant in colour; 200 acres alone 
produce fine wines, as Muscat, Manahes, Grenache, Malvcme^ and Raruiox 3rd, 
Perpignay ; the wines of this district will keep an indefinite time, and are sent to 
North iiud South America. 
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(c.) Langiicdoo, Under this name are inelucled all the winos of the H^rault, Aucio, 
and a part of Gard, The most important of these district-s is that of H^rault, 
producing two kinds of wine ; those for conversion into spirit and ordinary wines, 
which may be subdivided into red and white ordinary winos, fine rod wine, white 
wines, dry and sweet, and Muscats. 

Avde. This district produces a red wine at Linioiix, and a wliite wine known by 
the name of Blanquette, which is nearly double the value of tlie preceding;. Uerault 
is the most important wine country in the south of Prance ; it is the largest producer 
of raw spirits in Europe. The rod wines of Ilcrault are produced in the vineyards 
of St.-Georges-d’Orques ; these are generally heady. 

The white wines of Piwirdan include both dry and sweet. 

Muscat^ Frontignan^ and Lunel. The cultivation of these wines has considcraldy 
diminished of late years ; they have less flavour and do not keep so well as those of 
Rivesaltes. 

The^ vineyards of St.-Gilles (Gard) produce a less delicate wine than those of 
Jvoussillon, but wdiicli serves to bring up tJio colour of other wines. 

(cL) Provenrr. TJic Avines of ProA’ener have not the imporUince of tho.s(; of Poiis- 
sillon or of Languedoc. The chief growths of the region are ; 

1st. In the Var, that of Gandc producing a, finr; wine, at first highly coloured and 
heady, but becoming dry wdth age. 

2nd. That of Malguc, producing a wine Avhich does not mature, but that bears the 
sea well. 

3rd. That of Bandol, an excellent wine for export, improving much with age ; it 
is sent to India. Brazil, and California. 

In the Basses- Alpes, the vineyards of Mee.s yield a generous wine. In the Bouches- 
du-Rhoue, Cassis produce.s the fin<>st Aviiios in the region, both red and Avliite, mucli 
sought after by foreigners. The sour and flat Ai'incs of Roquovairo are little appiv'- 
ciated. The methods of cultiA'ation arc nearly the same in all the districts of the 
south of France. The soil is generally dug up before the vinos are planted ; in Boiis- 
sillon only is this omitted, when the ground has been previously eiiltivatcd. In the 
latter, the operation of planting is carried on in January and b'chniary ; in Languedoc 
it is put ofl' until April. 

ith tliose varieties of the A'ine Avhich produce the Muscat, it is the custom to rub 
off' part of the buds. The A'ines are dressed four times during the tirst year, but 
afterwaids only twice. They commence bciarini*. in from three to four yiars. Tin' 
grapes are pressed by the feet or betv'een clianin lled rollers without being picked off’ 
the buiiche.s. The wine is slightly sprinkled Avith lime or ])l:ister-of-Paris Avhou it is 
intended for commerce, Jt i.s allowed to ferment for Un. tAventy, or I'ven thirty days. 

2nd. The south-eastern, including Gard, Vaucliise, Ardec'lu'. Drdnje, and Rhone. 
This region embraces all the loAver part of the basin of the Rhone ; the wines produced 
are generally known as Avirics of the Coto-du-Rhone. 

(a.) That part of Gard Aivhicli is included in this region producos, 1st, the red 
wine of Tavd—ycry dry, and improving much liy ago — and tlic ivd wino ol' Lirac. 
2nd, The sweet wines of Chusc/aii, Avines of tht; finest quality, and tliose of Oraan 
and St.~Genicz, of the second. The Gard also })roduccs the ordinary Aviiies of ,S7.- 
LaurmUdes-Arbres and Jluqucmaarc. 

(b.) Vaucluse. The chit:f growths are the (7i(Umu-]\'euf-dn-Pajtc, a very celebrated 
wine, and the growth of La Fcrlhc^ which i.s decreasing both in (jiiality and quantity; 
it is sent to Bordeaux and Burgundy, for the ])urpo.si! of colouring other Aviiics. Li 
Vaucluse also are the Auncyards of tlie Chateau- Vii tia:, of Fettca, and of Firct. 

{c.) Ardeche includes the famous A'ineyard.s of St.-Perag. This Avhite Avine, Avhen 
in a state of effervescence, almost equals Champagne, "which, however, lias more 
lightness, delicacy, and softness. It i.s sent to England, Germany, Belgium, and 
Holland. The best sparkling sort sells at 2 francs oO centimes the bottle. Thcri' 
are also the vineyards of St.- Jean, Comas, and St.-Joseph. The sparkling A^inc of 
St.*Peray is produced in the same way as Champagne. 

(c?.) Drome. The Hermitage, the most famous A'ineyard in the Cote-du-Rhbiie, 
consists only of 140 hexitares. It produces red wine, Avhite wine, and ‘ vins d(' paille ’ 
(straw-coloured) ; the other Auneyards are Larnagc, Bochegude, Cruces, and Mcrcurnl, 
all of which wines are esteemed. 

(e,) Bkonc. The southern part of the Rh6no produco.s wine very similar to the 
preceding. The best known are of those of Condrieux and tSt.-Michet. 

The vineyards of the HermiUgo are managed with great care ; the? soil is dry totius 
depth of a meter (39 inches) ; the loaves are picked off the Aunc, and it is dressed and 
tended five times a year during the first tAA'o years ; the grapes are stripped off’ the 
stalks, and the fermeBtation lasts ftom fifteen to twenty days. 

3rd. The eastern region is formed principally of the Valley of the Saone. 
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(^^) Bcavjolais, the Mdconmtis, and the Cdte-Chalonnaise. These wines are delicate, 
light, well -flavoured, but not highly-coloured ; they are principally consumed in the 
interior of France. The principal growths are of CAcurts and that of Fieury, The 
Mdconnaifs produces the highly-esteemed white wine of Fouilly, a dry wine which 
keeps badly, and the red wine of Bomankhe. The wines of COte-Ckalonnaise are 
common winos, amongst which the Mercurey alone is remarkable. 

{h.) Hcnftc-Burgogve, consisting of the Cote-d’Or, produces the most famous wines 
in Burgundy. Tho white winos of the Cote-d’Or, most known are \\\OHeoi Montrachet^ 
very superior wines ; of Mmrsault^ very delicate, light , and with a delicious * bouquet ; ’ 
;ind those of Blaquy. It is tho rod wines, however, which give pre-eminence to this 
district. Hero grow the renowned Volnay, Vomard^ Beaune^ Nints, more spirituous 
than the others, and which require to be kept flvo or six ye;i.rs in tho wood ; Vosnr, 
J\*<)nmnh-C(jni i, Vfo»'d( -Vougeofy und Ckamhertiu. 

(c). B((»,v-B}irrjogne. Tho wines of Lower Burgundy are brisk, delicate, and light, 
but too spirituous. The Toniwrrc is fit for drinking after the third ^-^ear, and the 
vdiics of Auxerrou, which an sooner matured. In Auxerrois also are tho vineyards of 
Chahlis', tliesc white wines, Sf) much esteemed for their lightness, are made in the 
c.irly ]iiirt of October, under the name of Chahlis. A large quantity of other v’hi to 
wine from the neighbouring vinejvirds finds its w'ay into the market. Tho wines of 
Araflo}u(h, and those of Joigny are sent to Flander.s and Belgium. 

{d.) Jura. The wines of this district are in general dry, heady, brisk, but wdtli 
some acidity, which arises from their bad cultivation and tho unskilful mixture of tho 
vines, and reduces their reputation. In addition to the inferior wines, the Jura 
produces nlso rose-coloured wanes (‘ Vin(> Boses'); these are sparkling wines, and the 
luscious wi tie known under the name of ' Vin dc Garde du Chdteaii Chalons' This 
vineyard only comprises 1)0 hectares. Tlio wines produced there require to bo kept 
from twelve to fifteen years in the cask. All these wines are consiinied where they 
are grown, or sent to Switzerland, 

At Seyssol, aTid other places, in the neighbourhood of Lyons, and in Savoy, a 
pleasant white sparkling wine is produced and known locally as Vm-des-As'phallcSy 
th(^ vineyards being situated on tho asphaltic limestones now' so extensively used as a 
l):Lving material in Paris and London. 

(c.) Alsace produces only comnion wine, with tlie exception of the Turchemi and 
BihcaKvillrr. 

if.) Lornunr. The principal growths are those of Thiancourfy Pagnf/y and Sey. 

{g,) Champagne. Tho wines of the Depiirtment of the Marne, known tinder tlK) 
name of Champagne y have a universal reputation. 

Champagne Wines are divided into four categories ; Spa7dAing Granoiy Ordinary 
Sparklingy Half Sparkling, Tisane dc Champagne. 

Tho follow'ing are tho principal growths; — 


On the Manic 
Mareuil. 
Ay. 

HautvUlcrs. 
E per nay. 


By the Aviso 
Avise. 
Cramant. 
Oger. 
Mesnil. 


On the Mountains of Rhcinis 
Boxixy, 

Amhonnay. 

Madly. 

Sillery. 

Bommit. 


Tho most (>stoenied kinds are tho Sillery, Ay, Cramant, and Bouzy. In good 
seasons this district does not produce less than In, 000, 000 bottles of white wine. 
The average produce is 7,000,000, of w'hicli 6,000,000 are sent to England, Eiissia, 
and German}'. 

The met hods employed in Lower Burgundy and Champagne are nearly the same. 
It is not as respects tho cultivation of the plant, but in the methods adopted in making 
the wine, that the latter is remarkable. 

In the manufacture of Champagne black grapes of the first quality are usually 
employ(>d. especially those gathered upon the vine called by the French noirien, 
cultivat ed on the liest exposures. As it is important, however, to prevent the colour- 
ing-matter of tho skin from entering into the wine, the juice is squeezed as gently ami 
rapidly as possible. The liquor obtained by a second and a third pressing is reserved 
for inferior wines, on account of the reddish tint which it acquires. The marc is then 
mixed with the grapes of the red-wine vats. 

Tho above nearly colourless must is immediately poured into tuns or casks, till 
about ihree-fonrtlis of their capacity are filled, when fermentation soon begins. This 
is allowed lo continue for about 15 days, and then three-fourths of the casks are filled 
up with wine from the rest, Tlie casks are now closed by a bung secured with a piece 
of hoop-iron nailed to two contiguous, staves. The casks should be made of new wood, 
but not of oak ; though old white wine-casks are occasionally used. 
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In the month of January the clear wine is racked oiF, and is fined hy a small quan- 
tity of isinglass dissolved in old -wino of the same kind. Forty days afterwards a 
second fining is required. Sometimes a third may be useful, if the Ices be considerable. 
In the month of May the clear wine is drawni off into bottles. Viscount Chelsea 
says, ‘ The wine is bottled between April and August. Warm weather is necesssary 
to produce the sparkling wine. The effervescence is the result of carbonic acid gas 
produced by fermentation, which being interrupted in the cask, reproduces and 
developes itself in the bottles. For this a temperature of from 70"" to 75^ Fahr. are 
required. The bottles, as soon as they are filled, which process is effected by women, 
are luinded over to men called “ boucheurs,’’ who add a cerUiin quantity of a mixtnni 
of brandy and sugar-candy (in the proportion of lo to 16 per cent,, for those wines 
intended for the English market), biking care to leave about 2^ to 3 inches space 
between the cork and the wine ; they then introduce l)y a machine a moistened cork, 
and pass the bottle on to other men called “maillochers,” whose business it is to 
drive the cork home wnth a mallet, who jigain transfer them to tliose who fasten tlu iii 
with a string or wire ; sometimes this is done by a machine. It takes an hour to 
bottle a tun of 88 gallon.s. The bottles are ranged against the cellar-walls in hori- 
zontal layers, each being reversed as it regards the previous layer. Eight or ten days 
afterwards a deposit called griffc' is found at the bottom of the bottle. This indiciib s 
the time for removing the l)ottles to the second or permanent cellar ; this is the period also 
w'hen breakage commences. This loss can neither be foreseen nor prevented, and is often 
dangerous : it happens mostly" at the season when tlie vino blossoms. The bottles are 
first placed in the coldest cellars and afterwards removed to warmer temperatures. 
In the second winter maans are taken to remove the deposit formed in the summer; 
the bottles are placed with their mouths downwards, and are shaken for twenty days, 
to cause the sediment to fall into the neck. At the i-nd of lliis time the bottle is 
uncorked, the sediment thrown out, and a. fifth yiart of the contents re])lac(‘d by the 
sweetened liquor, when the bottles ar<‘ again corked, tied, and stacked as ])efore.’ 
The bottles being filled, and their corks secured by j>aekt,hread and wire, they are 
laid on their sides, in tliis month, with their months sloping downwar ls at an angle of 
al>oiU 20 dijgrees. in order th.at any sediment may fall into tlie neck. At the, end «ii' 
8 or 10 days th(' inclinatio?) of the bottle is inereased, wlieii tluy ar- slightly tai>i.K!d, 
and ]*hiced in a vertical position ; so that after the let's .•ire .-ill c(dleet«'d in llie neck, 
the cork is partially removed for an instant, to allow the .sediment to he expelh-d by the 
pressure of the gas. If tlie wine be still muddy in the liollles, along with a luov dose 
of liquor, a small (juantily of fining should be addevl to each, and the bottles should be 
placed again in the inverted jxisition. At the end of two or three months the sediment, 
collected over the cork is dexteromsly discharged; and If the wine be still deficient in 
tniu-sparency, t he- same process of fining must lie repeated, 

Sparkling wine {Vin Jiums.^cux), prepared as ab'-ve described, is fit for drinking 
usually at the end of from 18 to 30 niomlis, ticcoi diiig to tlie state of tlie seasons. It. 
i.s in Champagne that the lightest, most Iran.'^pareiit. and most highly flavoured vanes 
have been hitherto made. The breakage of the bottles in these sparkling wines 
amounts frequently to 30 j»er cent.., a circumstance wliieh adds gnaitly to their co.st of 
production. The tension of the carbonic acid gas in t he best quality of cliatiipagne i.s 
from 4.J to o atmospheres. If higher, the greati-r ]»art of tliii gas is liberated on 
drawing the cork, and the wine is in great part ]o.‘>t. Al<out 7 <»r 8 atmosplieres is the 
highe.^t pressure that the bottles will bear wit hout liursting ; this is about llie working 
pressure of a high-pressure steam-boiler, from lOo ll>s. to 124 lbs. ]>er square inch. 

(4.) Cnitral Region. In the five departments comprised in this district the common 
wines alone are produced ; the white wine of RouiUy i»cing the only celebrated one. 

(5.) Western Region . The two departments lying on the banks of the Ijoire. 
Indre-and-Ijoire and Maine-and-Loire, possess 40,000 hectares of vineyard.s ; tJie 
principal growths are t.bosi! of Joui, Ruurgueil^ Vouvrag^ and tlie wdiile wine of 
Saumur. More than 2,000,000 hectolitres of wine are annually devoted in Auuis, 
SaintoDge, and Angoumois, to the di.stillatioii of brandy, so w'oll known as Cognac. Of 
the 200,000 hectares of vineyards in the (’harente and Oharerite-Inferior, only om - 
third is cultivated for home consumption or exportation, the remaining two-thirds Iwing 
employed in making brandy. This is divided into two classes, that which is pro- 
duct in the plain of Champagne in the arrondissement of Cognac, which is again 
divided, according to tlie quality, into Champagne fi\w, and common Champagne (k liols, 
and Eau de Vic dc Bois, and that of Auuis, produced from the vines on tlie banks of 
the river. 

(6.) South-Western District. The Gironde and JuraiK;on are the only localities 
of any special interest. Although the wines of the Gironde have a common origin, 
they are divided in commerce into five great classes : Medocy Dc (rrave, Des Cotes 
Pahs, and ‘ UEntre Deux-mers* 
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The diatrict known as Medoc, or the promontory between the left bank of the Gironde 
and Bea to the west and north of the city of Bordeaux, is remarkable for the great 
value and extent of its \vine production, the produce of the vineyards of this district 
being estimated at a value of 11,000,000^. in ordinary years. The centre of the trade 
is at Bordeaux, where the following classification of the different growths is adopted : 

1st class. Premiers Crus. This includes only three growths : those of Ohdteiiu- 
Lafitte, Chdteau-Margaux, and Chdteau-Latour. 

2nd class. Twelve growths: includes Monton, Leoville, Larose, and Braue 
Cautenac. 

3rd class. Fourteen growths : including Kirwan, Cautenac, Irfigrange, and Gisconrs, 

4th class. Twenty-eight growths ; including St. -Pierre, Beycherille, and others in 
Pauillae and St.-Estfephe districts. 

Besides the above, there is a fifth class of named wines, below which the qualities 
are distinguished as Bourgeois, superior and inferior, and Paysans, the latter being the 
lowest class. 

The proportional scale of prices in an average year may be taken as follows : — 


1st class . 

£ £ 

. 80 to 200 per tonneau. 

2nd „ . . . 

. 48 „ f)6 


3rd „ . . . 

. 32 „ 36 

99 

4th „ . . . 

. 28 „ 36 

99 

/ith „ . 

. 24 „ 28 


Bourgeois, superior . 

. 16 „ 20 

99 

,, ordinary . 

Paysans . 

. 14 16 


. 12 „ 13 

99 


Much of tlie red wine exported from Bordeaux is fortified with red Hermit^ige, 
Sp.inisli rod, or other similar Southern wiue, for the purpose of increasing its alcoholic 
sirength. The demand for Bordeaux wines is so large and constantly increasing that 
it would be difficult to meet it without having recourse to sources of supply not lying 
within the district. 

W/ii/c Wines of the (riro}ide,^T\\Q. principal whito-winc producing districts in the 
Gironde aro those of Graves and iSaiiteme, which are on the left bank of the Garonne 
above Bordeaux. 

The most oehjbratod vinoyard.s arc those of Chateau-Yqucm and Ch&tcau-Latour 
Blanche. The treatment of the grapes differs from that in other districts, for they are 
allowed to remain on the vines until they aro rotten ripe, and are then gathered berry 
by berry, care being taken to reject such as may bo too far gone, or not sufficiently 
ripe. By tliis means a gretater amount of saccharine-matter and higher flavour is 
obtained in the must tliaii is the case in any other wine. Each picking is crushed 
separatedy, and thr process is so arranged that the vintage of each day is kept apart. 
Tlu‘ first seven days’ collection gives the so-called head wines, vins de tHe, which are 
the sw'e(!tiest and lieaviest; the second or inns dc 7nilim, conbiin less sugar, while the 
(bird or queues, w'hich are made by pressing all the grapes remaining from the former 
s(‘lections, are the driest. From their great sweetness and strength the highest class 

Sautenies require to bo kept for several years before their peculiar fineness and 
richness of flavour is developed. The wines of Chdteau-Yquem when five years old, 
are valued on the spot at from 400/. to 600/. per tonneau, according to the vintage. 

Such is a somewhat concise statement of the varieties of wines known in commerce. 
It is not possible to enter into all the details of the manufacture, varying as it does in 
every locality, the numerous peculiarities being duo in some cases to the conditions 
of the grape itself, aial in others to the methods pursued with regard to the fermen- 
tation and the subsequent treatment of the wine. 

There aro many persons who confound the * flavour ’ of wine with the ‘ bouquet.’ 
The differences are w’ell determined by the writer on wine in the ‘ Penny Cyclopa^ia.* 

‘ Tlie flavour of wine, called by the French sSve, indicates the vinous j^wer and tho 
aromatic savour which are felt in the act of swallowing the wine, embalming the mouth, 
and continuing to be felt after the passage of the liquor. It seems to consist of tho 
impression made by tho alcohol and the aromatic particles which are liberated and 
A’olatilised as soon as the wine receives the warmth of the mouth and stomach. The 
sevr differs from the bouquet, inasmuch as the latter declares itself the moment the 
wine is exposed to the air; it is no criterion of tho vinous force or quantity of 
alcohol present (being, in fiict, greatest in weak wines), and influences tho organ of 
smell rather than of taste.’ 

The bouquet of wine is a new product, and in no way dependent on the perfume of the 
grape from w'hich the wdne is made, lied wines scarcely ever retain a trace of the odoox' 
of the grapes ; the white muscadine wines do in some degree, especially Frofuty^fM/nf 
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Liebig, in his ‘ Organic Chemistry,’ has the following remarks on tho houquel : — ‘ It is 
"Well known that wine and fermented liquors generally contain, in addition to alcohol, 
other substances which could not bo detected before their fermentation, and which 
must therefore have been formed during that process. Tho smell and taste which 
distinguish wine from all other fermented liquids are known to depend upon an 
ether of a volatile and highly combustible acid, which is of an oily nature, and to 
which the name of ccnanthic ether has been given.’ 

On the Bhine an artificial bouquet is often given to w’ine, by hanging orris-root in 
the casks, or by the use of aromatic herb.'!. 

The volatile substance existing in wine which ' imparts to it, conjointly with 
oenanthic ether, its vinous aroma, is partly alcohol. There are other odoriferous 
substances developed in the course of time ; these are compounds of oxide of ethyl, 
amyl, or propylene, with acetic, propionic, pelargoriic, butyric. i;aproic, caprylic, or 
capric acids. Acetic ether is present in all aromatic wines, and fraudulent dealers will 
add acetic ether in small quantities to their artificial comp(mnds. 

Butyric ethci' is much used by confectioners, who call it ‘pine-apple oil.’ Caprylic 
ether lias a similar flavour ; those are slowly developed in some wines by time. In 
Watts's ‘ Dictionary of Chemistry' the other chemical compounds will be found fully 
described. 

Wine produced from gr.ipe-juice alone is perfectly colourless or white ; but as tlie 
whole mass of tho grapes is pressed together, it is impossible luitthat some admixture 
of the components of the grape-skins should occur. Wliiti' wine may l)e prepared from 
purple grap(\s. but if llie skins are allowe i to ferment, rod or yellow wine will 1)(,5 
obtained. The Italian wine. Vino Cchcdino, is about the most coloiirles.s of wines. 

The colour in wines appears to be due to the presence of extractive matter, wdiieh, 
when oxidised, assnnu's a red or brown colour. Tliis c(j 1 on ring-matter lias Ix'cn 
called apothrma by Derzelins. but it is, in fact, humic acid, retaining traces of tho suli- 
fitance from which it has Iteen derived. 

Whilst the juice of grapes ferments, the skins being present, the wine which is 
in process of formation extracts tannic acid from the skins, and this gi^’es the ytdlow 
colour — when by oxidation it is converted into apothenia — to Mnscadi], Chamj'agm-, 
TeneriflPe, and Madeira. 

"VMiat we call Red wines are prepared from either blac'k, piir]>le, or rc'd grapes, tlu' 
juice of which is coloiirles.s. and the skins of which are allowed to icrmcjit. During 
fermentation tho weak spirit which is formed extracts not only tannic acid but blue 
colouring-matter from the skins. This blue colouring-matt or is tinge(l njoro oi* li'ss 
red by the tartaric acid of the M-ine, arid afterwards be rendi red more decidedly 
red by tho formation of acetic acid. In thii change of colour undergone by 
red wine, five jieriods. according to Mulder, must I a* distinguislied, .\s soon jis 
alcoholic liquiii is formeil during fermentation, bliu! colonring-mattcr begins to be 
extracted from the skins. As the small amount (;f blue colouring-matter is brought 
into contact with grape-juice, which has an acid reaction, it l>ecomes red. The 
fermentation and formation of alcohol yirocced, a.s does also the solution of blue 
colouring-matter, and the young wine is ratlierbiue tlian red. and may be called ‘ dark 
violet.’ This msw' wine now undergoes fermentation, during which a great deal of 
colouring-matter and red tartar, as well as ajxjthema of tannin and albumen, is preci- 
pitJit-ed. I’he loss of the colouring-matter causes the wine to bocomo lighter. In the 
meantime the formation f.f acetic Jicid begins, and at, a later period increases; tlu; 
amount of colouring-matter is not thereby diminished, but the larger jiroportion 
of acid in the liquid reddens its colour. Another period now begins, during which 
the tannic acid is slowly converted into apothema, wdiereby red colouring-matt( v 
is again precipitated out of the liquid, for example, in l\>rt wine ; it llius gradually 
diminishes, and finally, after a lengtli of lime, disappears entirely from the wine, 
which then remains what is called ‘yellow.’ This will exjdaiii the alterati(jns pro- 
duced by keeping wines. 

According to the character of the wine, as already st.atcd, is its power of enduring 
unchanged, or of improving by age. Weak wines of bad growths ought to be consumed 
within twelv'e or fifteen months after being manufactured ; and should be kept mean- 
while in cool collars. White wines of middling strength ought to be kept in casks 
constantly fall, and carefully excluded from contact of air, and the racking ofif should 
be done as quickly as possible. As the most of them are injured by too much fermen- 
tation, this process should be so regulated as always to leave a little sugar undecom- 
posod. It is useful to counteract the ab8oq'»tion of oxygen, and t he consequent tendency 
to acidity, by burning a sulphur-match in the casks into wliielithey are about to be run. 
This is done by hooking tho match to a bent wore, kindling and suspending it within 
the cask through the bung-hole. Immediately on withdrawing the match, the cask 
should be corked, if the wine be not ready for transfer. If tlic burning sulphur be 
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rxtinguished ou pluiigiug it into the cask, if is u proof of the cask being unsound, and 
unfit for receiving the wine ; in which case it should be well cleansed, first with lime- 
water, then with very dilute sulphuric acid, and lastly with boiling water. 

Wine-cellars ought to bo dry at bottom, floored with flags, have windows opening 
to the north, bo so much sunk below the level of the adjoining ground as to possess 
a nearly uniform temperature in summer and winter ; and be at such a distance from 
a frequented liighway or street as not to suffer vibration from the motion of carriages. 

Wines should be racked off in cool weather ; the end of February being the fittest 
lime for light wines. Strong wines are not racked off till they have stood a year or 
eighteen months upon the lees, to promote their slow or insensible fermentation. A 
syphon well managed serves better than a faucet to draw off wine clear from the 
sediment. White wines, before being bottled, should be fined with isinglass; red 
wines are usually fined with white-of-egg beat up into a froth, and mixed with two 
or three times their bulk of water. But some strong wines, which are a little harsh 
from excess of tannin, are finetl with a little sheep or bullock’s blood. Occasionally 
a small quantity of sweet glue is used for this purpose. 

For further information, see ‘ Chemistry of Wine,’ by (t. J. Mulder, edited l)y II. 
Bonce .Jones, M.D. F.B..S. ; and Watts’s ‘Dictionary of Chemistry.’ Also a ‘ Treatise 
on Wine,’ l)y Thudicum and Dupre, London. 1872. This is the most comprehensive 
work on the subject in the English language. 

'llir following Maladies of Wines are certain jiccidental deteriorations, to which 
remedies should be speedily applied : — 

La-Poussc (‘pushing out of the cask’), is a name given to a violent fermentative 
movement, which occasionally supervenes after the wine has been run off into the 
casks. If these have been tightly closed, the interior pressure may increase to such 
a degree as to burst the hoops, or cjiuse the sojims of the staves or ends to open. One 
remedy is, to transfer the wine into a cask previously fumigated with burning sulphur; 
another is, to add to it about lOOOth part of sulphite of lime ; and a third, and perhaps 
the safest, is to introduce A lb. of mustard-seed into each bsirrel. At any rate the 
wines should be fined whenever the movements are allayed, to remove the floating 
ferment which has been the cause of the mischief. 

Turning Sour. —The production of too much acid in a wine is a proof of its con- 
taining originally too little alcohol, of its being exposed too largely to the air, or to 
vibration, or to too high a temperature in the cellar. The best thing to bo done in 
this case is, to mix it with its bulk of a stronger wine in a less advanced statu, to tine 
the mixture, to bottle it, and to cuusiime it as .soon as possible, for it will never prove 
a good keeping wine. 

Table I. 


Name uf the w ine 


i 

I’urt wiue 

Mean 

Madeira 
bherr.v . 

Bordeaux, Claret . 

Caleiivell.i 
i Li^lJon . 

I Malaga . 

Bueeilas 
Bed Madeira 
Malm.H'y 
Marsula 

Champagne (robe) 
„ (white) 
Burgimdy 

Wliite ll» rnuiage . 
K«'d 

Jlock . 

Vin de (jvavu 


!sp. gray. 

i 

1 00 ineaBurcs con- : 
tain at 60° Fahr. 

Name of the w'ino, 
bpirit, &c. 

vSp. gray. 

BiO measures con- 
tain at 60° Fabr. 

Alcohol 
of 0-S-_'5 

Absolute 

alcohol 


Alcohol 
of 0*825 

Absolute 

alcohol 

i 

21*40 

19*82 

1 Froutignaii , 

0*98452 

17*79 

11*84 

{ <)-9720O 

25*8;i 

29*9*2 

i Cote-Boti 

0*5»84y5 

12*27 

11*98 

' 0-t)74G(» 

29*49 

21*7.5 

1 lloussillon 

0*!»8()()5 

17*24 

15*96 

i (CUTS 10 

19*94 

17*91 

CajK} Madeira 

0 97924 

18*11 

1(5*77 

, e-!»7:!3;j 

21*42 

2*2*61 

Muscat . 

0*97919 

18*25 

17*00 

, oaitua 

18*25 

17*00 

Ouustantia . 

0*97770 

19*75 

18*2S> 

' ()•y7700 

19*89 

18*97 

Tinto . 

0*98999 

13*30 

12*9*2 

0*97410 

12*91 

11*95 

Schiraz . 

0*98176 

15-52 

4*95 

0-97092 

16*9*2 

15*11 

Syracuse 

0*98200 

]5**28 

4-16 

: 0'979*20 

18*10 

16*76 

Nice. , 

0*98269 

14*69 

13*64 

■ 0*97S<B; 

18*94 

17*4."* 

Tokay . . . | 

0*98760 1 

9*88 

9*15 

0*y8(KM) 

17**26 

16*98 

Kaisin wine . 

0*97*205 

2.5-77 

23-86 


0-978!)0 

18-42 

17*22 

Drained gnvpe wii 1 e 

0*97926 

18*11 

16-77 


0-9789JJ 

18*49 

17*04 

Lachrynue Christi 


19-70 

18-24 


0*98090 

16*40 

15*91 

Currant wine 

0*97*696 

20-65 

19*08 


0-98190 

15-26 

14*91 

Gooaelxjrry wine . 

0*98550 

11-84 

10*96 


O-StfOOO 

17*26 

15*98 

Elder wine . ) 





0*98608 

11*90 

10-46 

Cyder . . [ 

0*98760 

9-87 

9*14 


0*98458 

12*80 

11*84 

Perry . . ) 





0*98y(M) 

14*59 

19*91 

Brown stout . 

0*99116 i 

6*80 

6*80 


O*98;’>40 

11*95 

11*06 

Ale . . . 

0*98879 

8*88 

8*00 


0-97990 

17-49 

16*14 

Porter . 

1 

4-20 

3-89 


<‘*98495 

1*2*92 

11*10 

Rum 

* 0*93494 1 

68-68 

49*71 


0*t«8‘290 

14*97 

19-.81 

Hollands 

i 0-99855 1 

61-60 

47-77 

1 0-9S87U 

8*88 

8*00 

Scotch whisky 


64-32 

60-30 

1 0U8450 

1*2*80 

11*80 

Irish w-hiaky . 

1 

58*90 

49*91 
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EopinesB or Viscidii^ of Wines . — The cause of this phenomenon, which renders 
wine unfit for drinking, whs altogether unknown, till M. Fran 9 ois, an apothecary of 
Nantes, demonstrated that it was owing to an azotised matter, analogous to gluten ; 
and, in fact, it is the white wines, especially those which contain the least tannin, wliicli 
are subject to this malady. He also pointed out tlio proper remedy, in the addition 
of tannin under a rather agreeable form, namely, the bruised berries of the mountjiin- 
ash (sorhier) in a somewhat unripe state ; of which 1 lb. well stirred in, is sufficient 
for a barrel. ..ifter agitation, the wine is to bo left in repose for a day or two, and then 
racked off. The tannin by this time will have separated the azotised matter from the 
liquor, and removed the ropiness. This wine is to be fined and bottled off. 

% 7'/^c tasie of the cask., wliich sometimes happens to vine put into casks which have 

remained long empty, is best remedied by agitating the wine for some time with a. 
spoonful of olive oil. An essential oil, the chief cause of the bad taste, combines with 
the fixed oil, and rises with it to the surface. 

The qujintity of alcohol contained in different wines has been made the subject of 
elaborate experiments by Braude and Fontenelle, and several others ; but as it must 
evidently vary with different seasons, the results can bo received merely as approxi- 
mate. The proportion given by Brando (Table I. page 1147), has boon reduced to the 
sUindard of absolute alcohol by Fesscr ; and that by Fontenelle (Table II. ), to the same 
standard by .Schuljarth. as in the following Tables. Table 111. gives the alcoholic 
strength of the Khine wines. 

Tablk II. 


Name of the wine 


Absolute 
I alcohol 


TtoussiUon {EasUrn 
Pyrenees.) 


Kivesaltes 

. 1 8 vears old j 

bloG 

Biinyuls . 

. in' ! 

b*22.‘> 

Collioure . 

. ir. ,• : 


Salces 

.10 „ ' 

8 -080 


hrpart/uenf <f the 
Ancle. 


Fitou unci Leucate 10 \rs. olJ 

8 bfi8 

Lapalme . 

. 10 .. 

^ 8-7h0 

Sijeau 

. S .. 


Narbonne . 

. s 

> 8;i7b 

Lezignan . 

.10 

i 8-17o 

Mirepeisset 

. 10 

: 8-.')H9 

Carcassmiiie 

. 8 „ 

7-190 


Name of the wine 

Absolute 

alcohol 

Pepari menf of VHhanlf. 
Nissan . . 9 3 'ears old 

7-890 

Beziers . 

8 

7-728 

IM'jntagiiac 

10 

8-108 

jVIeze 

10 

7-812 

IMontpellier 



Lunel 

8 

7 001 

Frontigiiaii 

b 

7-098 

Bed Hermitage 

4 

.vs;i8 

White .. 


7-0.)(i 

Biirgundv 

‘1 

G-19,) 

(Irave 

8 

.vs:i8 

Chanipagm' (sparkling). 

.V880 

while 

,, 

b-l-lb 

rose 

. 

T9b() 

Bordejiux 

• • . 

0-180 

Toulouse 

. 

b027 


Tahle hi. — Khine 'Winks. 


1 

1 

1 Place of growth 

Sort of grufics 

J Specific gravity 

j 1(*U part 

S .Vichleil 



Al>aolute 

alcuhol 

l)ry 

residue 

Steinberg . . . | 

Kiesliiig 

Origins 

1 -0027* 

10-87 

1 

9-94 

Riidesheim . . ; 

1 -0025 

12-65 

5-39 

Markobrunn . . j 

Kiesling 

0-998b 

11-60 

51 0 

Geisenheim . . . ' 

0-9985 

12-60 

3*05 

Dirnheim . . . | 


1 0 9025 

9-84 

2-18 

Weinheim Hulberg . ! 


i 0*9925 j 

11-70 

2-18 i 

Worms, Li ebfraueu milch | 


0-9930 

10-62 

2-27 

Bingen, Scharlachberg . | 


not j 

12-10 

not 

Eisler, Kleimberger . j 


determined 

11-90 

determined 

Wi(j.sbaden . . V 

Neroberg , . j 


i 0-9950 

10-83 j 

2-78 

Wiesloch . . . | 

i 

1 

0-9945 

9-83 

2^48 
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From the known prices of these wines, it is obvious that the proportion of alcohol, 
although one factor in determining the value of a wine, is not the only absolute one 
nor does it stand in any fixed relation to the commercial value of the wine. It is 
remarkable that the finest sorts of wines contain a much greater proportion of solid 
substances in solution than the inferior sorts ; and that the weight of the residue, which 
the Khenish wines yield on evaporation, offers a safer criterion for determining their 
commercial value than the proportion of alcohol. These solids disguise the acid, take 
off the acrid taste, and at the same time impart body, mellowness, and oiliness. 
Among the extractive matters of new wines are sugar, which gradually disappears by 
keeping ; and also some imperfectly known gummy substances, which become brown- 
ish when the wine is submitted to evaporation. The presence of those in wine appears 
chiefly to be determined by the soil, and the condition and locality of the vineyard ; 
and it is obvious that tlie qualities dependent upon these extractive matters cannot by 
replaced by sugar. 

Port is one of the wines which is richest in alcohol. Ginjal has stated that genuine 
Port wines never contain more than 12*75 per cent, of pure alcohol. 

With regard to alcoholic contents, Madeira r.inks next to Port wine, in which 
respect tliey differ hut little from each other. Liquor wines are as a rule stronger 
than red wines. Juran(,-on, Lachrymse Cliristi, Eenicario, and 8auterne, all contain 
from 12 to 15 per cent, alcohol and more, lied French wines contain less — from 9 
to 14 per cent. Good Bordeaux contains 10, 11, 12 per cent. Burgundy 9, 10, 11 
per cent. Champagne 10, 11 pur cent, llhine wine from 6 to 12 per cent., generally 
from 9 to 10 per (mnt.— Mulder. 

Under the title of the * Deacidification of Wines,’ Professor Liebig published in his 
AnimUn^ a process for effecting that valuable object on old stored \alte dbgdagerte) 
llhine wines. ‘ Most <if these wines,’ he says, ‘ even of tlie most propitious growths, 
and in the best condition, contain a cerUiin quantity of free tartaric acid, on whose 
presence many of their essential properties depend. The juice of all sorts of grapes 
contains bitartrate of potash, and that of those of the young shoots, in good years, is 
satiiratod with it. When tlio iiiust of these sorts of grapes becomes fermented, the tartiir 
tliminishes in solubility proportionally as the alcohol increases, and a part of it falls 
along wntli the yeast. This deposit of Uirtar increases during the first years of the 
valtiiig ; the sides of the casks become encrusted more and more with its crystals, 
in consequence of the continual addition of the new wine to replace what of the liquid 
is lost by evaporation, so as to keep the casks full, and prevent the destruction of the 
M'hole. But this deposition has a limit. By the filling up, the wine receives a certain 
quantity of free tartaric acid, and thereby acquires, at a certain point of con- 
centration, the faculty of re-dissolving the deposited tartar. In the storing of 
many of the liner wines, the tartar again disappears at a eerhiin period. By pro- 
gressive filling up, the proportion of acid proportionally augments, the taste and 
flavour of the wine are exalted, but the acid contents make the w’ine less agreeable in 
use. Amateurs and manufacturers should therefore welcome a means of taking away 
ili(j free tartaric acid witliout altering in any respect the quality of the wine. This 
is pure neutral tartrate of pM)t;ish. When this sjilt, in concentrated solution, is added 
to such a fluiil as the above, there results the sparingly soluble tartar (one part 
of which requires from 180 to 200 parts of water of ordinary temperature for its 
suliitioii), the free acid combines with the neutral salt, and separates as bibirtrate from 
the liquid. If mu add to 100 })arts of a wine which contains one part of free tartaric 
acid, one and a, half part of neutral tartrate of potash, there will separate by rest at 18° 
— 19° Cent., 2 parts of crystalline tartar, and the wine contains now one half part of 
tartar dissolved, in which there are only 0*2 part of the original free acid. In this 
case 0*8 of the free acid has been withdrawn from the wine.’ 

Winks, Brii'ish, are made either from infusions of dried grapes (raisins) or 
from the juices of native fruits, properly fermented. These wines are called sweets in 
the language of the Excise, under whoso superintendence they were placed till 1834, 
when the duties upon them were repealed, as onerous to the trade and unproductive to 
the revenue. The raisins called Lexias are said to produce a dry flavoured wine; the 
Denias a sweet wine ; the black Bmyrnas a strong-bodied wine, and the red Smymas 
and Valenciiis a rich and full Avine. The early spring months are the fittest time for 
this wine-manufacture. The masses of raisins, on being taken out of the packages, 
are either beaten with mallets or crushed between rollers in order to loosen them, and 
}ire then steeped in water in large vats, between a perforated board at bottom and 
another at top. The waiter being after some time drawn off the swollen and softened 
fruit, pressure is applied to the upper board to extract all the soluble sweet matter, 
Avhich passes down through the false, bottom, and flows off by afi appropriate pi^ into 
fermenting tuns. The residuary fruit is infused with additional water, and then 
squeezed : a process which is repeated till all the sweets are drained of? aftet which 
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the ‘rape’ is subjected to severe pressure in a screw or hydraulic press. The wine, 
in the process of the vinous fermentation, is occasionally passed through a great body 
of the rape to improve its flavour, and also to modify the fermentative action ; it is 
afterwards set to ripen in casks, clarified by being repeatedly racked off, and fined 
witli isinglass. 


ToUd of all kinds of Wine Itnportcd in 1873. 



! 

G aliens 

Vuluc 

From Germany . 


495,930 

£77,307 

„ Holland 


574,943 

378,486 

„ Belgium . 


27,287 

17,160 

,, France 


6,242,856 

3,135,034 

„ Portugal . 


4,037,594 

1,358,241 

„ Madeira . 


80,532 

45,391 

„ Spain 


9,389,367 

3,033,113 

„ Canajy Islands . 


6,691 

1,946 

„ Italy . . 

. j 

639,514 

i 130.266 

„ Channel Islands 

. 1 

33,605 

16,500 

,, Gibraltiir . 

! 

14,975 

8,519 

„ Malta 

. . . . j 

22,819 

6,711 

■ ,, British Possessions 

in .‘^outh Africa . | 

17,878 

10,957 

„ British India 

. . . . 1 

24,167 

15,847 

„ Australia , 

1 

37,142 

11,949 

,, Other countric.s. 

. . . . ’ 

37,050 j 

19,899 

Total 

1 

21,682,356 

8,267,326 


Of tliis, of K(jd wine there were 10,049,255 gallons. 

„ White „ 11,633,101 „ 

The quantity entered for home consumption was 18,027,308 gallons, and the amount 
received for duty was 1,775,903/. 


The following shows the quantity entered for home consumption and the .'imonnt of 
duty received, so far as regards the importationB from France, Portugal and Spain. 


France . 
Portugal . ' 

Spain 

Ked 

White 

Gallons 

£ 

Gallons 

£ 

4,099,799 
3,451,740 
[ 1,057,257 

216,426 

430,857 

130,266 

1,614,637 

22,629 

I 6,034,257 

83,535 

2,779 

743,807 


Wine Imports in 1874. 

Gallons Value 

Red wine . . . 9,012,096 £2,019,889 

White wine . . . 9,261,442 4,248,252 


Entered for Home Consumption, 

Red wine . . . . 8,461,705 gallons 

White wine , . . 8,822,680 „ 

WZmMTOVB is the deposit of crude tartar, called ‘ argal,’ which settles on the 
sides and bottoms of wine-casks. See Wine. 

wnulUDmAWZVa. {TrSfilerie, Fr.; HrahtzieJten, IhaUzvg, Ger.) When an 
oblong lump of metal is forced through a series of progressively diminishing apertures 
in a steel plate, so as to assume in its cross-section the form and dimensions of the last 
hole, and to be augmented in length at the expense of its thickness, it is said to be 



WIRE-ROPE 


1151 


wire-drawn. The piece of steel called the draw-plate is pierced with a regular grada- 
tion of holes, from the largest to the smallest; and the machine for OTcrcoming the 
lateral adhesion of the metallic particles to one another is called the draw-bench. The 
pincers which lay hold of the extremity of the wire, to pull it through the successive 
holes, are adapted to bite it firmly, by having the inside of the jaws cut like a file. For 
drawing thick rods of gilt silver down into stout wire, the hydraulic press has been 
had recourse to with advantage. 

Fig. 2117 represents a convenient form of the draw-bench, where the power is ap- 
plied by a toothed wheel, pinion, and rack-work, inovtxl by the hands of one or two 
men working at a winch ; tho 
motion being so regulated by a 
fly-wheel, that it does not proceed 
ill fits and starts, and causo in- 
equalities in the wire. Tho metal 
requires to be annealed, now and 
tlien, between successive draw- 
ings, as otherwise it would Ijocomo 
too hard and brittle for further 
extension. The reel upon wdiich 
it is wound is sometimes mounted 
in a cistern of sour small beer, 
for tho purpose of clearing off, or loosening at least, any crust of oxide formed in the 
annealing, before tho wire eiitei’s the draw'-plate. 

When, for very aceurato purposes of science or tlie arts, a considerable length of 
uniform wire is to be drawn, a plate, with one or more jewelled holes, tliat is, filled 
with one or more perforated rulncs, sapphires, or chrysolites, can alone bo trusted to, 
because the holes even in tho best steel become rapidly wider by abrasion. 'I'lirough 
a hole in a ruby 0*0033 of an inch in diameter, a silver wire 170 miles long has been 
drawn, which possessed r.t tho end tho very same section as at tho beginning : a result 
determined by weighing portions of equal length, as also by measuring it with a 
micrometer. The hole in an ordinary draw-plate of soft steel becomes so wide, by 
drawing 14,000 fathoms of brass wire, that it requires to be narrowed before the ori- 
ginal sized wire can bo again obtained. 

Wire, by being diminishiid one-half, one-third, one-fourth, &c., in diameter, is aug- 
mented in length respectively f<3iir, nine, sixteen times, &c. The speed with which it 
may bo prudently drawn out depends upon the ductility and tenacity of tho metal ; 
but may bo always increasi'd the more the wire becomes attenuated, because its par- 
ticles progressively assume more and more of tho filamentous form, and accommodate 
themselves more readily to the extending force. Iron and brass wires, of 0*3 iuch in 
diameter, bear drawing at the rate of from 12 to 15 inches per second ; but when of 
0*025 (;j\ 7 ) of an inch, at the rato of from 40 to 45 inches in the same time. Finer 
silver and copper wire may bo extended from 60 to 70 inches per second. 

By enclosing a wire of platinum within one of silver ten times thicker, and drawing 
down the compound wire till it bo ~ of an inch, a wire of platinum of rj™ of an inch 
■will exist ill its ceiitri', which may bo obtained apart, by dissolving the silver away in 
nitric acid. Tliis pretty experiment 'w^as first made by Dr. Wollaston. 

The French draw-plates are so much esteemed, that one of tho best of them used to 
be sold in this country for it.s W'cight in silver. The holes are formed with a steel 
punch ; being made large on that side wdiere tho wire enters, and diminishing with a 
regular taper to tho other side. 

WZRS-SOPB. The maimfiicture of ropes made of wire has, of late years, become 
a most important one. Not only are ropes of this description now employed in the 
most extensive coal mines of thi.s country, and for winding generally, but they are 
used for much of tho standing rigging of ships, and for numerous ordinary purposes. 
Perhaps the most important application of wire-rope has been, however, in the con- 
struction of the electric cables. See Electro-telkobaphy. 

Tho Tables on the following page show the relative values of ropes of hemp, iron, 
and steel. 

The applications of wiro aro extraordinarily numerous and interesting. Many 
thousands of lives are every day trusted to ware in the form of wire-rope for 
collieries and mines, and tho lives of the men ascendiiijDj and descending a coal pit 
literally depend from these iron threads. The standing rigging of ships is now gene- 
rally made of wire-rope. 'I'he introduction of telegraphy has given great development 
to tho manufacture of ware. Tho conducting portion of submarine electric tele- 
graph cables is simply a w'ire-rope made of copper wires, while the outside pro- 
tective sheathing generally consists of iron wire. One of the most important appli- 
cations of wire of late years is that of steel wire in the form of the wire-rope used for 
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Table I. 


Bound Wire Bopes^for inclined planes^ mines, collieries, ships' standing riggiiig, ^r. 


IJcmp 

Iron 

St{?el 

Equivalent strength 

Circum- 

Lbs. weight 

Circum- 

Lbs. weight 

Circum- 

Lbs. weight 

Working 

Breaking 

ference 

per fathom 

ference 

per fathom 

ference 

I)er fathom 

load 

strain 







Cwts. 

Tons 

n 

2 

1 

1 



6 

2 



1^ 

u 

1 

1 

9 

3 

3f 

4 


2 

... 


12 

4 




'Ji 

14 

14 

15 

5 


5 

4 

3 


... 

18 

G 


... 

2 

3.* 

14 

2 

21 

7 

6* 

7 

2A 

4 

ij 

‘)i 

24 

8 



n 

44 



27 

9 

G 

9 

oa 

*■8 

5 

14 

3 

30 

10 


... 

2i 




33 

11 

6* 

10 

.^1 

2i 

^8 

G 

2 

34 

36 

12 

7 

12 

64 

7 

24 

O ) 

4 

39 

42 

13 

14 



3 

7i 


45 

15 

7.i 

14 

H 

8 

24 

0 

48 

16 1 



4 

84 



1 51 

17 

s" 

IG 

H 

9 

24 

r>* 

54 

18 ' 



3.; 

10 

2^ 


GO 

20 1 


18 


11 

2J 

! 64 

G6 

22 1 



3f 

12 


1 

1 72 

24 i 

n 

22 


13 

4 

8 

78 

26 1 

10 

2G 

4 

14 



84 

28 




13 

H 

9 

90 

30 I 

11 ’ 

30 


IG 



9(1 

32 


... 

H 

18 

3? 

10 

108 

3G 

12 

i 

34 

4§ 

20 


12 

120 

40 j 


Eovind rope in pit-shafts must be worked to the same load as flat ropes. 


Table II. 


Flat Wire liopes, for pits, hoists, ^'c. ^r. 



Hemp 

Iron 

Steel 

Equivalent strength 

Size in 

Lb.s. weight 

Size in 

Lb.s. weight 

Size in 

Lhs. weieht 

Working 

Breaking 

1 inches 

per fathom 

inches 

]4er fathom 

inches 

per fathom 

loud 

strain 








Cwts. 

'J'OMS 

i 4 

X 

20 

2^x4 

11 



44 

20 

i ^ 

xH 

24 

2.i X 

13 



52 

23 

H 

xlf 

26 

2J>c| 

15 



60 

27 

•5? 

X 14 

28 

3 X 

16 

2 xi 

10 

64 

28 

6 

X U 

30 

3;} X 

18 

2Ax 

11 

72 

32 

7 

X 

3G 

3i X 

20 

x 

12 

80 

36 

H 

x 24 

40 

SjxH 1 

22 

Hxi 

13 

88 

40 

H 

x2i 

45 

4 X 

25 

2^ X 8 

15 

110 j 

45 

9 

x2l 

60 

44 xf I 

28 

3 X 

16 

112 1 

50 

H 

x2J 

56 

4i X 

32 

\Hx 

18 

128 

56 

10 

x2i 

60 

4|x 1 

1 

34 

! H X 

20 

1 

136 

( 1 

1 00 
! 1 


steam ploughing, and it may safely be said that steam ploughing would have remained 
an impossible project without the steel wire-rope. The very great distances, often 
Teaching to 300 yards or more, to which the power is carried by means of the wire- 
rope in steam ploughing, would seem to point to its application to other purposes in 
which power is required to be transmitted to great distances. Many and varied are 
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■wliat may bo terinod the domestic applications of wire. Wire fences, bell-pullS, and, in 
tlio form of gauze, to ventilators, are only a few of tliese. Another most interesting 
eniployment of wire, even in a strictly scientific sense, is for the strings of pianofortes. 
8teel wire is now solely used for this purpose. Professor W. Polo, at the request of 
the Messrs. Proadwood, the pianoforte-makers, some time ago made a number of 
experiments on tliis kind of wire ; of which ho gave a short jvccouut at the Birmingham 
Institution of Mechanical Engineers. Some of the steel wire he tested, which was 
made in Germany, boro as much as 110 and 120 tons to the square inch, or about 
double the breaking strength of good steel. Suspension bridges, a few years ago, used 
to be made very extensively of wire. The two most celebrated erections of this kind 
arc those of Niagara and Freiberg; the wire of the first was made in Manchester, 
and broke at 40 tons to the square inch, while that of Freiberg was made in Switzer- 
land, and stood dO tons to the square inch. The carding of wool and cotton is also 
eifi'cted by means of wire. Brushes of all kinds are now made of steel and iron in this 
form, oven hair-brushes. It is more than probable that^vire would bo much more used 
for eonstructivc purposes if some good and generally applicable means for preventing 
the corrosion of iron and stool could bo brought forward. In fact, that is, for all 
applications of iron, almost the problem of the day. It has been noticed by ctireful 
observers that, though Swedish charcoal iron-wire lias about the same ultimate 
breaking tensile strength as other wire, it is nevertheless much more economical 
than common wire for rope and other purposes in which elasticity and supple- 
ness are required — another proof that breaking strength alone is a very unreliable 


quality. 

Tho ultimate strength of ware generally, and especially that of iron and steel 
wire, almost always decreases as the diameter increases — as is also the case with 
forged and rolled bars, in which the inebils are united in greater bulk. Some 
very small kinds of cliarcoal wire only break wnth loads of aljout 100 tons to the 
square inch; while the average strength of wire may bo taken as double that 
of rolled bar. llollod bars, of various qualities, possess breaking strengths ranging 
from 20 to 40 tons to the square inch, and iron wire will, on an average, be 
also found to vary from 40 to even 80 tons to tho square inch. Tho most extensive 
series of experiments on wires has been due to M. Leblanc, who built a rather con- 
siderable Ijridge of wij’e at Boclio- Bernard, in France. Amongst other important 
inquiries, ho also investigated the question whether wires of a great length did not 
give less resistJinee than shorter lengths on account of the probable greater number 
of fiaws. lie thus took from twelve sets of dilferent wire twelve pieces two meters 
long and twtdve pieces Iwenty-six meters long, and submitted them to tensile loads. 
Tho wire was rather more than one-eighth of an inch in diameter. Tho resistance 
of tho short pieces was found to bo almost tho same as thsit of the long lengths. By 
moans of some experiments extending over a lengthened period, M. Leblanc also 
found that a wire ciiii support during three months a tension at least equal to mne- 
tentlis of that which would break it without diminbiliing its ultimate breaking strength, 
though undergoing elongations of 0-00596 of its original length. General Monn 
also carried out, some years ago, a number of experiments on long lengths of 
wire, in order to determine tho important question whether wires take a permanent 
set with the smallest loads : a fact mainbiined by Mr. Hodgkinson, and which would 
appear to militate against the doctrine of the elastic limit. Tho trials were conducts 
with very groat nicety, and their results seem to show that tho permanent sets ob- 
Borvod by Mr. Hodgkinson were due to the bends taken by the wire when coil^, and 
which afterwards get stretched out under tho loads, as also partly to yanations oi 
temperature. In general it maybe observed that wire, as compared with bar iron, 
seems to be better fur undergoing impulsive forces, as it is perfectly elastic 
loads which, cross-section for cross-section, would break rolled or forged iron. Both 
rolled iron and wire seem to bo able to support for a length of time static loads of an 
amount very near that which would produce rupture. Tho elongations are also in 
proportion to tho loads, but this proportionality seems to cease 
than witli wrought iron. Tho irregularity of the elongations begins 
iron with loads of about half tho breaking loads, and with wire at 
third or one-fourth of tho load that would cause rupture, 

down slowly from a red heat, has the same effect on wire as on wrought » ^ 
is to say.tlm ductility, and tho softness, of both is 

and also breaking strength, are considerably diminished. But few ex^nnwnte 
have yet been published on the strength and ^^her mechanical qualities of 
It may, however, be taken to have, on an average, twice the ultimate ctf 

wire, and a proportionately greater elasticity, comparing diameter with diamet^ 
These qualities allow steel wire-ropo to be made little m^ore than the weight 
iron wire-rope, with the same ultimate bre^ng strength. The additional okatieitgr 
VOL.111. 
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of Bteol wire and of steel wire-rope renders it mnch more supple, and less liable to 
injury through being bent over a drum. A steel rope easily straightens of itself after 
being bent even to a small angle, which is not the wise with iron wire-rope. The 
duration of all ropes is very greatly influenced by the many bendings to and fro 
to which they are subjected, and these influences are intensified by corrosion. Both 
the mechanical and the chemical sources of dotoriorntion act in a loss degree on stool 
wire, as it is stronger, and is, at the same time, less subject to corrosion, as the 
carbon it conjaius, however slight, greatly impedes the action of rust. It has been 
proved that wire-rope which is made of soft annealed wire cannot stand one-quarter 
or one-sixth of the bending to and fro that it can stJind if made of the same wire after 
it has been hardened. It is to be noticed that, although it can matter but little as 
regards absolute length whether a wire-rope elongates or takes a permanent set, iu 
practice this is not the case as to its cross-section or the arrangement of its strands, 
which is injured if the material too easily takes a permanent set. It is easy to imagine 
cases in which this very softness and ductility is cf great value. In the same way wo 
should imagine that the best pianoforte-wire ouglit to have a cerbiin elastic limit 
or a limit up to which it will elo?igate temporarily without baking a permanent 
set, and a certain amount of dm^tiiity or power of elongaitiou without rupture, while 
it should have a cerbiiii ultimate breaking strength. The sjime is the wise with the 
other many applications of wire; most of which, however, will ho best suited l)y 
a high limit of elasticity, or the power of elongating temporarily without taking a 
permanent set. The j'rincip<al seat of the iron wire manufacture in England is 
Ilirmingham, The most important improvement to lie looked for in the wire manu- 
facture is some easy aud cheap means of drawing very long longtlis of wire, 

WOAD {Gitede, Pastel, Fr. ; Waul, Ger. ; Guado, It.), the Isafis tincioria, Linn., 
is almost the only plant growing in the temperate zone which is known to produce 
indigo. It is an herbaceous, biennial plant, belonging to the natural order Cntciferce, 
and bears yellow flowers and largo flattened se(‘d-v('s.sels, M’hich are often streaked with 
purple. The leaves, which are the only part of the plant employed in dyeing, are 
large, smooth, and glaucous, like cabbage-leaves, l>ut cxliibit no external indication 
of the presence of any bhu; colouring-matter, which indeed, according to modern 
researches, is not contained in them ready formed. The plant called by the Komaiis 
plasium, with which, according to Pliny, the Britons, dyed their skins blue, is sup- 
posed to be identiwil witli woad. Before the introduction of indigo into Uie dye-houses 
of Europe, woad was generally used for dyeing blue, and was extensively cultivated in 
various districts of Europe, such as TJniringia, in Germany; Languedoc, in France; 
and Piedmont, in Ital}’. To these districts its cultivation was a source of great 
wealth. Beruni, a rich woad manufacturer of Toulouse, became surety for tlie pay- 
ment of the ransom of Iiis king, Francis I., then a ])nsoner of Charles in 8{)ain. 
The term Pays de cocakpic, denoting a land of great wi.'altli and fertility, is indeed 
supposed to 1)6 derived from the cireumstanco tliuL the woad balls, called in Freneli 
cocaignes, w’cre manufactured chiefly in lianguedoc. 

The woad-leaves were not employed by the dyer in their crude state, but were 
previously subjectod to a process of fermentation, for the purpose of eliminating the 
colouring-matter. The seed having been sown in winter, or early spring, the 
plants were allowed to grow until the leaves were about a span long, and bail assumod 
the rich glaucous apjiearance indicative of maturity, when they were stripped or cut 
off The cropping was repeated several times, at intervals of five or six weeks, until 
the appraacli of winter put a stop to tlie growth of tlic ])lant. Tlie leaves set up in 
the Bucceediftg spring yielded only an inferior article (c.-illed in Ginmian Kompso- 
waid), and it was therefore customary to keep only as many ])l}irits until the following 
year ns were required for ol)taining seed, which, the plant being l»iennial, is only 
produced in the second year. "J'lie leaves, after being gathered, were slightly dried, 
and then ground in a mill to a paste. In Germany it was usual to lay this paste into 
a heap for about twenty-four hours, and then form it by hand into large, ball.*^, wliieli 
were first dried partially in the sun, on lattice-work or rushes, and then ])iled up 
in heaps a yard high, in an airy place, but under cover, wlien they diminished in 
size and became hard. These balls, when of good quality, exhibited, on being 
broken, a light blue or sea-green colour. They are usually sold in this state to 
manofocturers, by whom they were subjected to a second process in order to render 
them fit for the use of the dyer. This process was conducted in the following 
manner : — The woad balls were first broken by means of wooden hammers, and the 
triturated mass was heaped up on a wooden fioor, sprinkled with water, sometimes 
with a little wine, and allowed to ferment or putsrefy. The mass became very hot, 
and emitted a strong ammoniacal odour, and much vapour. In order to regulate the 
procesa, it was frequently turned over with shovels, and again sprinkled w ith water. 
When the heat had subsided, the mass, which had become dry, was pounded, passed 
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through sieves, and tlion packed in barrels ready for use. It had the appearance of 
pigeons dung. 

Ill France the paste obtained by pounding the woad-leaves was taken to a room 
with a sloping pavement, open at one end, laid in a heap at the higher end of the 
room, and allowed to ferment for a period of twenty or thirty days. The mass 
swelled up and often showed cracks or fissures, which were always carefully closed as 
soon as they appeared, whilst a black juice exuded and ran away in gutters constructed 
for the purpose. When the fermented heap had become moderately dry, it was ground 
lignin and formed into cakes, called in French coques^ which were then fully dried, and 
in this state brought to market. In France and Italy a second fermentation was not 
genorally thought essential, but when performed it was conducted exactly in the manner 
j ust described. 

^t the present day woad is nowhere employed alone for the purpose of dyeing 
Iduo, since it is found more economical to use indigo, and the cultivation of the plant 
has therefore declined considerably, and has even become nearly extinct in districts 
whore it was formerly carried on extensively. By woollen dyers, however, it is still 
used, but only as a means of exciting fermentation, and thus reducing the indigo blue 
in their vats ; indeed, the woad employed by them contains little or no blue colouring- 
mutter. See Indigo. 

Numerous attempts have been made to extract the blue colouring-matter from 
woad, in the same way that indigo is extracted from the loaves of the Indigofera iu 
the East- Indies and other countries. At the commencement of the present century, 
when tho price of indigo on tlio Continent of .Europe was very high, a prize of 
100,000 francs was ovcmi offered by tho French Government for the discovery of a 
method of ohUining from the hafia tinctoria, or some other native plant, a dyeing 
material, which, both in regard to price and the beauty and solidity of its colour, should 
form a perfect substitute for indigo. The experiments which were made in conse- 
tjutmeo served to prove that it was quite possible to obtain genuine indigo from woad- 
1 oaves, but that the process could never bo carried on profitably on account of the 
very small proportion of colouring-matter contained in tho plant. Nino parts of fresh 
leaves yield only one p.'irt of the prepared material or pastel, and the latter does not 
afford more than 2 per ciuit. of its weight of indigo. According to Chovreul, tho 
leaves of the Indigofera anif even when grown in the neigh Ixmrhood of Paris, con- 
tain 30 times as much iiidigo-bluo as those of the Imtis tinctoria^ and, when cultivated 
ill tropical countries, the amount is probably still higher. The comparatively high 
price of land and labour would probably itself prove a sufficient obstacle to the suc- 
cessful manulacture of indigo in most European countries, even if tho yield were equal 
to w'hat it is in tho tropics. 

In 1808 Clievreul published tho results of his analysis of woad and pastel. It has 
more recently been made tlie subject of chemical investigation, for tho purpose of 
ascertaining tho state in which indigo-bluo exists iu plants and other organisms. See 
Indigo. — E. S. 

WOOB-PRESBRVXXtTG. The preservation of wood from decay depends upon 
the combination of tho vegctiiblo albumen with some metallic salt or some powerful 
antiseptic agent. BotheU’s invention, which was much employed, consists in im- 
pregnating wood throughout with oil of tar and other bituminous matters contiiining 
creosote, and also with pyrolignito of iron, which holds more creosote in solution 
than any other watery menstruum. 

Tlie wooil was put in a close iron tank, like a high-pressure steam-boiler, which 
was closed and filled with tho tar oil or pyrolignito. The air being exhausted by 
air-pumps, afterwards more oil or pyrolignito was forced in by hydrostatic pumps, 
until a pressure equal to from 100 to' 150 lbs. to the inch was obtained. This pres- 
surt^ was kept up by the frequent working of the pumps during six or seven hours, 
whereby tho wood became thorouglily saturated with the tar oil, or the pyrolignite of. 
iron, and weighed from 8 to 12 pounds per cube foot heavier than before. 

In a large tank 20 loads of timber per day could be prepared. The atmospheric 
action on wood thus prepared renders it tougher, and infinitely stronger. A post 
made of beech, or even of Scotch fir, is rendered more durable, and as strong as one 
made of tho best oak ; tlie bituminous mixture with which all its pores are filled 
acting as a cement to bind the fibres together in a close tough mass ] and the more 
porous the wood is, the more durable and tough it becomes, as it imbibes a greater 
quantity of the bituminous oil, wliich is proved by its incr^sed weight. ^ The mateiMa 
which are injected preserve iron and metals from corrosion; and an iron bolt dnyen 
into wood so saturated remains perfectly sound and free from rust. It also resists the 
attack of insects. 

The efft et produced is that of perfectly coa^nting the albumen in the sap, thus 
preventing its putrefaction. For wood that will be much exposed to the weather, and 
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alternately vet and dry, the mere coagulation of the sap is not sufficient ; for although 
the albumen contained in the sap of the wood is the most liable and the first to putrefy, 
yet the ligneous fibre itsell', after it has been deprived of all sap, will, when exposed 
in a warm damp situation, rot and crumble into dust. To preserve wood, therefore, 
that will be much exposed to the weather, it is not only necessary that the sap should 
be coagulated, but that the fibres should bo protected from moisture. 

Wood prepared with petroleum for sleepers, piles, polos, fencing, &c., is not affected 
by alternate exposure to wet and dry ; it requires no painting, and after it has been 
exposed to the a^r for some days it loses every uripleaKint smell. 

For r.iiiway sleepers it is highly useful, as the commonest Scotch-fir sleeper, when 
thus prepared, will last. Posts for gates or fencing, if prepared in this manner, may 
be made of Scotch fir. The processes which have been introduced for impregnating 
wood with the protosulphate of iron, corrosive sublimate, chloride of lime, and 
similar substances, are also much emplo3"od, and many of them have been found 
to be very useful as preservative agents. The tungstate of soda has been found to bo 
a useful preservative of wood. 

WOOF is the same as Weft. 

WOOXi. In reference to textile fabrics, sheep’s wool is of two different sorts, the 
short- and tlie long-stapled; ojich of W'liieh requires different modes of manufacture in 
the preparation and spinning processes, as also in tlie treatment of the cloth after it is 
woven, to 111 it for the market. Each of these is, moreover, distinguished in commerce 
by the names of ‘ fleece wools ’and ‘ dead U'ools,’ according as they have been sliorn at 
the usual auiiual period from the living animal, or arc cut from its skin after death. 
’J’lie latter are comparatively harsh, w'oak, and incapable of inibiliing tlio <lyoing prin- 
ciples, more especially if the sheep has died of some malignant distemper. The 
annular pores, loading into the tubular cavities of the filaments, seem, in this case 
to have shrunk and become obstruct tub The time of j'oar for shi?op-shcaring most 
favoumblo to the quality of the wool, and the comfort of the animal, is during the 
month of Juno — the period when Lord Leicester liolds liis celebrated rural fete for 
that interesting purpose. 

The wool of the sheep has been surprisingly improvi^d by its domest ic culture. The 
moujlon {OviS aries), the parent stock from which our sheep is undoubtedly derived, 
and which is still found in a wild state upon the mountains of Sardinia, Corsica, 
Barbarj’, Greece, and Asia Minor, lias a very short and coarse fleece, more like hair 
than wool. When this animal is brought under the fostering care of man, tlie rank 
fibres gradually disappear; while the soft wool round their roots, little cous])iciious in 
the wild animal, becomes singularly developed. The male most speedily undergoes 
tliis change, and continues ever afteru^ards to possess far more power in modifying 
the fleece of the offspring than the female parent. The produce of a breed from a 
coarse- wool led ewe and a fine-woolled ram, is not of a mean quality between the 
two, but half-wa^" nearer that of the sire. By coupling the female thus giuieralod 
with such a male as the former, another improvement of one-half will bo obtained, 
affording a staple tliree-fourths finer tlian that of the grandam. By proceeding in- 
versely, the wool would be as rapidly deterionited. It is, therefore, a matter of 
the first consequence in wool husbandry, to exclude from the flock all cuarse-fleuced 
rams. 

Long wool is the produce of a peculiar variety of sheep, and varies in the length of 
its fibres from 3 to 8 incites, .Such wool is not carded like cotton, but eombetl like 
flax, either by hand or appropriate machinery. Short wool is selilom longer than 3 
or 4 inches ; it is susceptible of carding and felting, by which process-'S the filaments 
become densely matted together. The sliorter sorts of combing w^ool are used princi- 
pally for hosiery, though of lat e j’ears the finer kinds have been cxtensivdy worked 
up into merino and mousseline-de-laine fabrics. The longer avooIs of the Leicester- 
shire breed are manufactured into hard yarns, for worstetl-piecus, such as bombazines, 
poplins, crapes, Orleans, &c. 

The wool of which good brosid-cloth is made should be not only shorter, but, 
generally speaking, finer and softer than the w’orsted wools, in order to fit them for 
the fulling process. Some wool-sorters and Avool-staplors acquire practice great 
nicety of discernment in judging of wools by tlie touch and tractiou of the fingers. 
The filaments of the finer qualities vary in thickness from to of an inch ; 
their structure is very curious, exhibiting, in a good achromatic microscope, at 
intervals of about 5J5 of an inch, a series of serrated rings, imbricated towards 
each other, like the joints of Equisetum, or rather like the scaly zones of a serpent’s 
skin. 

The fleece of an average English sheep contains five distinct long sorts and three 
short sorts. The short sorts grow on the belly of the sheep, the finest being under 
the neck and the foredegs. Of the long sohs, the finest is on the shoulders. The 
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next occupies a position almost semicircular round the finest sort, commencing at the 
head, and extending to tlie holly. The third sort adjoins the second, and is of a some- 
■what triangular shape, the base being on the top of the back. The fourth a^oins the 
third on one side, the other side of it being the fifth, which covers the rump, and 
runs down almost straight, 3 or 4 inches wide, to where the wool terminates on the 
hind-legs. 

Tlio harshness of wools is dependent not solely upon the breed of the animal, or the 
climate, but is owing to certain peculiarities in the pasture, derived from the soil. It 
is known, that in sheep fed upon chalky districts, wool is apt to get harsh ; but in 
those upon a rich loamy soil, it becomes soft and silky. The ardent sun of Spain 
renders the fleece of the Merino breed harsher than it is in the milder climate of 
&ixony. The Angora, or Angola, or Angona wool, from Agnolia, 53' N. lat., 
32° 52' E. long., owes its beautiful character to the place of its growth. This wool 
is the same as Mohair. Smearing sheep with a mixture of Uir and butter is deemed, 
in cold countries, favourable to the softness of their -w’ool. 

All wool, in its natural stitc, contains a quantity of a peculiar potash-soap, secreted 
by the animal, called in this country the yolk ; which may bo washed out \)y water 
nlonc, w:ith which it forms a sort of lather. It constitutes from 25 to 60 per cent, of 
the wool, being most abundant in the Merino breed of sheep ; and, however favour- 
.ablo to the growth of the wool on the living animal, should bo taken out before or 
soon after it is shorn, lest it injure the fibres by fermentation, and causo them to be- 
come hard and brittle. After being washed in water, somewhat more than lukewarm, 
the w'ool should bo well pressed, and carefully dried. See Suint. 

Mr. Jlicks, of Iluddorsficld, obtained a patent some years ago for a machine for 
cleaning wool from burs. It consists of 4 rotatory boaters, which act in succession. 
The wool having Ixjen opened and spread upon a feeding-cloth, is carried by it to tho 
drawing-rollers, and is then delivered to the action of the beater, by which it is carried 
along a curved grating to the feed-cloth of another beater, so as to bo made eventually 
quite clean. 

WOO& DTSma. See Dyeing. 


‘WOOXi]L&n‘ IMCikXrirFACTirifci:. In this branch of business, a short-stapled 
soft wool is required capable of being milled or felted, so that in the after-processes a 
finer finish may be brought upon the cloth. 

When tho wool is brouglit into tho w’oollen factory, it is first of all washed by men 
wnth soap-and- water, wlio are paid for their labour by the piece, and are each assisted 
by a boy, who receives the wool as it issues frejm between the drying squeesers (see 
Bleaching). The boy carries off tho w'ool in baskets, and spreads it evenly upon the 
floor of tho drying-room, usually an apartment over the boilers of the steam-engine, 
which is thus economically heated to tho proper temperature. The health of the boys 
employed in thi s business is not found to bo at all injured. 

The wool, when properly dried, is transferred to a machine called the plucker, 
which is always superiutended l)y a buy 12 or 14 years of age, being very light work. 
TTo lays the tresses of wool pretty evenly upon the feed-apron, or table covered with 
an endless moving web of canvas, which, as it advances, delivers the ends of the 
long tufts to a pair of fluted rollers, whence it is introduced into a fanning apparatus, 
somewhat similar to the willow employed in the cotton manufacture, which see. Tho 
filaments are turned out at tho opposite end of this winnowing machine, straightened, 
cleaned, and ready for tho combing operation. According to the old practice of the 
trade, the wool was carded and combed by hand, but this is now entirely supersoded 


by machinery. This was far more severe labour than any subservient to machinery, 

and was carried on in rooms rendered , >1 2118 

close and hot by the number of stoves illllnl 

requisite to heat tho combs, and so enable lill lflulll j 

them to render the fibres soft, flexible, ® 

and elastic. This was a task at which " |H|^n 

only robust men were engaged. They 1ij|jl|H ^|Hn|||n 

use throe implements : 1, a pair of combs ifBllr t 

for each person ; 2, a post, to which one |||w||> 

of the combs can be fixed ; 3, a comb- 'Ij 1 

pot or small stove for lieating the teeth 

of the combs. Each comb is composed either of two or three rows of pointed tapering 
steel teeth, 5, fig. 2118, disposed in two or three parallel planes, each, row being a 
little longer than the preceding. They are mado fast at the roots to a wooden 
stock or head c, which is covered with horn and has a handle fixed into it at right 
angles to the lines of the teeth. The spaces between these two or three planes of 
teeth is about one-third of an inch at their bottoms, but somewhat more at their 


tips. The first combing, when the fibres are most entangled, is performed with 
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the two-row toothed combs ; the second or finishing combing, with the three-row 
toothed. 

In the workshops a post, fig. 2119, is planted upright, for 
resting the combs occasionally upon, during the operation. 
An iron stem g, projects from it horizontally, liaving its 
end turned up, so as to pass through a hole in the handle 
of the comb. Kear its point of insertion into the post, there 
is another staple point, A, which enters into the hollow end 
of the handle; which, between these two catches, is firmly 
secured to the post. The stove is a very simple affair, con- 
sisting merely of a flat iron plate, heated by fire or steam, 
and suniiounted -with a similar plate, at an interval sufficient 
to allow the teeth to be inserted between t\u>m at one side, 
which is left open, while the space between their edges, on 
the other side, is closed to confine the heat. 

In combing the wool, the wwkman takes it up in tresses 
of about four onnc(‘S each, sprinkles it with oil, and rolls 
it about in his hands, to render all the filaments cqiuilly 
unctuous. Some liarsh dry wools require onc-sixteenlh of 
their weight of oil, others no more than a fortieth. lie 
next attaches a heated comb to the post, with its teeth 
}X)intcd upwards, seizes one-half tlie tress of wool in his 
hands, tlirows it over the teeth, then di*!iws it through them, 
and thus repeatedly: leaving a few straight filaments ench time upon the comb. 
When the comb has in this way collected all the wool, it is placed w'ith its points 
inserted into the cell of the stove, with t lie wool hanging down outside, exposed 
to tlie influence of the heat. The other comb, just removed in a boated state from 
the stove, is planted upon the post, and fiirni.shed in its turn with the remain- 
ing tw'o-ounce tress of wool; after which it supplants the preceding at the stove. 
Having both combs now hot, he holds one of them with his loft hand over his knee, 
being seated upon a low stool, and seizing the other with his right hand, he toml>s 
iho wool upon the first, by introducing the teetli of one coml> into the wool stuck in 
the other, and drawing them through it. Tins manipulation is skilfully repeated, till 
the fibres are laid trul}* parallel like a flat tress of hair. It is proper to liegin l/y comb- 
ing the tips of the tress, and to advance progressively’, from the one end tow’ards the 
other, till at length the eomljs are w'orked W’ith their teeth as closely togetlier as is 
possible, without bringing them into collision. If the workman j^roeeoded otlierw’is(‘, 
he would be apt to rupture the filament.s, or tear their ends entirely out of one of the 
combs. The flocks left at the end of the process, because they are too short for the 
comber to grasp them in his hand, are called noy/.s. They are unfit for the worsted 
spinner, and are reserved for the coarse cloth manufacturer. 

The wool finally drawn off from the comb, though it may form a uniform tress of 
straight filaments, must yet be combed again at a somew'hat lower tempiTature, to 
prepare it perfectly for the spinning operation. From ten to twelve slivers are then 
arranged in one parcel. 

To relieve the workman from this laborious and not very salulu’ious task has been 
the object of many mechanical inventions. One of these, considerably employed in 
this country and in France, is the invention of the late Mr. John Collier, of Furls, 
for which a patent was obtained in England, under the name of John j?latl, of Sal- 
ford, in November 1827. It consists of two comb-wheels about ton feet in diameter, 
having hollow iron spokes filled with steam, in order to keep the whole apparatu,s at 
a proper combing heat. The comb forms a circle, made fast to the peripliery of t he 
wheel, the teeth being at right angles to the plane of the wheel. The shafts of the 
two wheels are mounted in a strong frame of cast iron ; not, however, in horizontal 
positions, but inclined at acute angles to the horizon, and in planes crossing each 
other, so that the teeth of one circular comb sweep with a steady obliquity over the 
teeth of the other, in a most ingenious manner, with the effect of combing the tresses 
of wool hung upon them. The proper quantity of long wool, in its ordinary staU;, 
is stuck in handfuls upon the wheel, revolving slow’ly, by a boy, seatod upon the 
ground at one side of the machine. Whenever tlie wheel is dressed, the machine is 
made to revolve more rapidly, by shifting its <lriving-baiid on another pulley ; and it 
is beautiful to observe the delicacy and precision w’ith which it smooths the tangled 
tress. Wlien the wools are set in rapid rotation, the loose ends of the fleece, by the 
centrifugal force, are thrown out, in the direction of radii, upon the leeth of the 
other revolving comb-wheel, so as to be drawn out and made truly straight. The 
operation commences upon the tijis of the tresses, where the wheels, by the oblique 
D^ure of their ehafU. are at the greatest distance apart ; but as the planes slowly 
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approacli to parallolism, tlio teeth enter more deeply into the ttooI, till they pro- 
gressively comb the whole length of its fibres. The machine being then thrown out 
of gear, the tooth are stripped of tho tresses by the hand of the attendant ; the noyli^ 
or short refuse w'ool, being also removed, and kept by itself. 

Tliis operation being one of simple superintendence, not of handicraft effort and skilb 
like the old combing of long wool, is now performed by boys or girls of 13 and 14 
years of age; and places in a striking point of view the influence of automatic 
moehanism, in so embodying dexterity and intelligence in a machine, as to render the 
cheap and tractable labour of children a substitute fur tiio high-priced and often 
refractory exertions of workmen too prone to capricious combinations. The chief 
precaution to be taken with this machine, is to keep tho steam-joints tight, so as not 
to wet the apartments, and provide due ventilation for the opemtives. 

The machine patented by James Noble, of Halifax, worsted-spinner, deserves 
parlicnlar notice, as its mode of operation adapts it well also for heckling flax. 
Ill fig. 2120, its internal structure is exhibited. Th(» framework, a, supports tho 
axle of a wheel, h, ft, in suitJiido bearings on each side. To the face of this wheel 
is affixed the exccntric or heart- wdicel cam, c, c. On the upper part of tho peri- 


2120 



phery of this cam or heart-wheel, a lever, d, d, boars merely by its gravity ; one 
end of wdiicli lever is connected by a joint to the crank, c. By the rotation of 
the crank, r, it will be perceived that the lever d, will be slidden to and fro on 
the ui)per part of tho periphery of tho exccntric or heart-wheel Cfim, c, tho outer 
end of tho lever, d, carrying tho upper or working comb or needle-points, /, as 
it moves, performing an elliptical curve, wdiicli curve will be dependent upon the 


into inese jucv..uiv;n mv/ ^ . 

drawn out and combed straight by the movements of the upper or working comb. 

As it is important, in order to prevent waste, that tlie ends of the wool should be 
first combed out, and that tho needle-points should be made to penetrate the wool 
progressively, tho moveable frame, g, is in the first instance placed as far back as 
possible • and the action of liio lover, d, during tho Avholo operation, is so directed by 
the varying positions of tho cam-wheel, as to allow tho upper comb to enter at first a 
very little way only into tho wool ; but as the operation of combing goes on, the 
frame with tho lower combs is made to advance gradually, and the relative positions 
of the revolving heart cam-wheel c, being also gradually changed, the upper or 
working needles are at length allowed to bo drawn completely through the wool, for 
the purpose of combing out straight the whole length of its fibre. - . .u j i. i 

In order to give the machine the necessary movements, a train of toothed Wtmels 
and pinions is mounted, mostly on studs attacbod to tho side of the frame; w^h 
train of wheels and pinions is showm by dots in the figure, to avoid confusion. The 
driving power, a horse or steam-engine, is communicatod by a band to a nggj on 
the short axle i\ which axle carrioe a pinion, taking into one of the of the 

train. From this wheel tho crank c, that works the lever d, is ^ven ; also, by 
gc«ir from tho same pinion, the axle of the wheel ft, carrying the excentnc or heart- 
wheel cam, is also actuated, but slower than the crank-axle. . . « ^ , 

At the end of the axle of tho wheel ft, and cam c, a bevel-pinion is affeed^hich 
gears into a corresponding bevel-pinion on the end of the lateral shaft A. lUe »- 
verso end of this shaft has a worm or endless screwj, taking into a toothed-wh^l m ; 
and this last-mentioned toothed-whcel gears into the rack at the under part of the 

It will henco bo perceived, that by the movements of the train of wheelSi a iloif 
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motion is given to the frame by which the lower needles carrying the wool are pro- 
gressively advanced ns the operation goes on ; and also, that hy the other wheels of 
the train, the heart-wheel cam is made to rotate, for the purpose of giving such vary- 
ing directions to the stroke of the lever which slides upon its periphery, and to the 
working comb, ns shall cause the comb to operate gradually upon the wool as it is 
brought forward. The construction of the frames which hold the needles, and the 
manner of fixing them in the machine, present no features of importunce ; it is there- 
fore unnecessary to describe them further, than to say, that the heckles arc to be 
heated when used for combing wool. Instead of introducing the wool to bo combed 
into the lower needles by hand, it is sometimes fed in, hy moans of an endless feeding- 
cloth, as shown in fig, 2121. This endless cloth is distended over two rollers, which 
are made to revolve, for the purpose of canying the cloth with the wool forward, by 
means of the endless screw and pinions. 




A slight variation in the machine is shown at fig, 2122, for the purpose of combing 
wool of long fibre, which differs from the former only in placing the combs or needle- 
points upon a revolving cylinder or shaft. At the end of the axle of this shaft, there 
is a toothed wheel, which is actuated by an endless screw upon a lateral shaft. The 
axle of the cylinder on which the needles are fixed, is mounted in a moveable frame 
or carriage, in order that the points of the needles may, in the first instance, be brought 
to act upon the ends of tlu' wool only, and ultimately be so advanced as to enable the 
whole length of the fi])re.s to be drawn through. The progress! \'o advancement of this 
carriage, with the needle-cylinder, is effected by the agency of the endless screw on the 
lateral shaft before mentioned. 

Some combing-ninchine.*^ reduce the wool into a continuous sliver, which is ready 
for the drawing-frame; but the short slivers produced ly the hand-com]>iiig, must be 
first joined together, hy what is called jtlankivg. These slivers are rolled up by the 
combers ten or twelve together, in balls called ‘tops,’ each of which weighs a half 
pound. At the spinning-mill the.so are unrolled, and the slivers are laid on a long 
plank or trough, with the ends lapping over, in order to sj)lieo the long end of one 
sliver into the short end of another. The long end is that which was drawn off first 
from the comb, and contains the longer fibres; the short is that wiiieli comes last 
from the comls and contains the shorter. The wool-comber lays all the slivers of 
each ball the same way, and marks the long end of each by twisting up the end of tlie 
sliver. It is a curious circumstjince, that when a top or ball of slivers is unrolh d and 
Stretched out straight, they will not separate from each other without tearing and 
breaking, if the separation is begun at the short ends ; but if they are first parted at 
the long ends they will readily sej^aratc. 

The machine for combing long wool, for which Messrs. Donisthorpe and Knwson 
obtained a patent in April 1835, has been found to work well, and therefore merits a 
detailed description. 

Fig, 2123 is an elevation, fig. 2124 an end view, and fig. 2125 a plan, in which 
n, a, is the framing ; A, the main shaft, bearing a pinion, which drives the w'heol and 
shaft c, in gear with the w'heel d, on the shaft e. Upon each of tin; wheels c and d, 
there are two projections or studs /, which cause the action of the combs g, g, of 
which A, h, are the tables or carriages. These are capable of sliding along the upper 
^ide-rails of the framing c. Through these carriages or tables A, A, there are open- 
ings or slits, shown by dotted lines, which act as guides to the holders i, i, of the 
combs g, g, rendering the holders susceptible of motion at right angles to the course 
pursued by the tables A. The combs are retained in the holders i, i, by means of the 
leTor-handles J, j, which move upon inclined surfaces, and are made to press on the 
surfhee of the beads of the combs g, g, so as to bo retained in their places ; and they 
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tire also held by studs affixed to the holders, which pass into the comb>heads. From 
the under side of the tables, forked projections t, », stand out, which pass through the 
openings or slits formed in the tables h ; these projections are worked from side to 
side by the frame k^ which turning on the axis or shaft /, /, is caused to yibratej or 
rock to and fro, by the arms w, moved by the 
oxcontric groove n, made fast to the shaft c. The 
tables A, are drawn inwards, by weights suspended 
on cords or strjips o, o, which pass over friction 
pulleys jp, p ; whereby the weights have a constiiut 




tendency to draw the combs into the centre of the machine, as soon as it is released by 
tile studs /, passing beyond the projecting arms //, on the tables. On the shaft c, a 
driving-tooth or catch r, is fixed, which takes into the ratchet-wheel 5, and propels one 
of its teeth at cverj' revolution of the shaft c. This ratchet-wheel turns on axis at t ; 
to the ratchet the pulley v is made fast, to which the cord or band w is secured, as 
also to the pulley .r, on the shaft y. On the shaft y, there are two other pulleys, Zj 
having the cords or bands 
A, A, made fast to them, and 
also to the end of the gauge- 
plates u, furnished with gra- 
duated steps, against w'hich 
tlio Tables A, A, are drawing 
at eacli operation of the ma- 
chine. In proportion as the.so 
gaiige-platcs are raised, the 
nearer the carriages or tables 
A will be able to advance to 
the centre of the machine, 
and thus permit the combs 
g, g, to lay hold of, and comb, 
additional lengths of the 
woolly fibres. The gauge- 
plates n, are guided up by the bars c, which pass through openings, slots, or guides, 
made in the framing a, as shown by d. 

To the ratchet-wheel s, an inclined projection F, is made fast, which in the course 
of the rotation of tlie ratchet-wheel, comes under the lever f, fixed to the shaft g, that 
turns in bearings H. To this shaft- tlio levers i and j, are also affixed ; i serving to throw 
out the click or catch K, from the ratchet-wheel, by which the parts of the machine 
will be released, and restored to positions ready for starting again. The lever 
Serves to slide the drum upon the driving shaft 6, out of gear, by means of the forked 
handle l, when the machine is to be stopped, whenever it has finished combing 
a certain quantity of wool. The combs which hold the wool have a motion upwBjds» 
in order to take the wool out of the way of the combs y, as these are drawn into 


2125 
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the centre of the machine; while the holding!: combs descend to lay the wool among 
the points of the combs g. For obtaining this upward-and-downward motion, tlio 
combs M, M, are placed between the frame n, and retained there just as the combs 
g, gy are upon the holders i, i. The framing n, is made fast to the bar or spindle o, 
which moves vertically through openings in the cross-head p, and the cross-framing 
of the machine q ; from the top of which there is a strap passing over pulleys with a 
suspended weight to it; tlie cross-head being supported by the two guide-rods n, fixed 
to the cross-fnming q. It is by the guide-rods r, and the spindle o, that the frame 
N is made to move up and down ; while the spindle is made to rise by the studs,/’, 
as the wheels c and d come Bucc.essively under the studs s, on the spindle o. 

A quantity of wool is to bo placed on each of the combs g, g, and m, m, the machine 
being in the position shown in fg. 2125. When the main-shaft b, is sot in motion, it 
will drive by its pinion the toothed w'hoel c, and therefrom the remaining parts of the 
machine. The first effect of the movement will be to raise the combs m, m. sufficiently 
high to remove the wool out of the w'ayof the combs g, < 7 , which w'ill be drawn towards 
the centre of tlie machin(\ as soon as they are released by the studs,/) passing the pro- 
jecting arms y, on the tables //; but tho disbince betw'cen the combs ,< 7 , and the 
combs M, M, will depend on the height to which the gauge-plates n have been raisi'd. 
These plates are raised one step at each revolution of the shaft c; the combs g, g, will 
therefore be continually approaching more nearly to tho combs m, m, till tlio plates n, 
arc so much raised as to permit the tables h to approach the plates n, below tlio lowest 
step or graduation, when the machine will continue to work. Notwithstanding the 
plates n continuing to rise, there l>eing only parallel surfaces against which tiio 
tables come, tho combs g, ,< 7 , will successively come to tho same position, till tho 
inclined projection on the ratchet-wheel «, comes under tho lever r, w'hich wdll stop 
the machine. The wool which has been combed, is then to be removed, and a fresh 
quantity introduced. It should be remfirked that the combs g^ g^ arc continually 
moving from side to side of the machine, at the same time that they arc combing out 
tlie wool. The chief object of the invention is obviously to give the above peculiar 
motion to the combs g, g, and m, m, which may bo applied also to combing goat -hair. 

For the purposes of the worsted manufacture, wool sliould be rendered inelastic to a 
considerable degree, so that its fibres may form long lines, capable of being twisted 
into straight level yarn. Mr. Bayliffc, of Kendal, has sought to accomplish this 
object, first, by introducing into the drawing machine a rapidly revolving wheel, 
in contact with the front drawing roller, by whose friction tho filaments are 
lioatxid, and at the same time deprived of their curling elasticity; secondly, by 
emploring a moveable regulating roll(T, by which the extent of surface on tho 
periphery of the wheel that the lengths of wool is to act upon, may be increased or 
diminished at pleasure, and, consequently, llie ('llbct regulated or tempered as tho 
quality of the wool may require ; thirdly, tho employment of steam in a roUitory 
drum or hollow wheel, in place of the wdieel first described, for the purpose of heating 
the wool, in the process of drawing, in order to facilitate tho operation of straightening 
the fibres. 


These objects may bo effected in 
several ways; that is, tho machinery 
may be variously constructed, and still 
embrace the principles proposed. Fig. 
2126, show’s one mode:-— rr, is the fric- 
tion wheel ; h. the front draw'ing rolh'r, 
placed in the drawing-frame in the 
same way as usual ; tho larger w’heel 
a, constituting tho lower roller of 
the i)air of front drawing rollers; c 
and d are the pair of back drawing 
rollers, which are actuated by gear 
connected to the front rollers, as in 
tho ordinary construction of draw'- 
ing machines, tho front rollers moving 
very considerably faster than tlio back 
rollers, and, consequently, drawing or extending tho fibres of the sliver of wool, 
as it passes through between them ; c is a guide-roller, bearing upon tho periphery 
of the large wheel ; / is a tension roller, which press^'s tho fibres of the wool down 
upon the wheel a. 

Now, supposing the back rollers c and <?, to l>e turned with a given velocity, and 
the front roller 5 to be driven much faster, the effect would be, that the fibres of woo) 
constituting the sliver, passing through the machine, would be considerably extended 
between h and d, which is precisely the effect accomplished in the ordinary drawing 
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frame ; but- the whool a, introduced into the machine in place of the lower front 
dmwing roller, being made to rovolre much faster than h, the sliver of wool extended 
over the upper part of its periphery from ft, to the tension roller/, will be subjected to 
very considerablo friction from the contact ; and, consequently, the natural curl of the 
wool will be taken out, and its elasticity destroyed, which will enable the wool to 
proceed in a connected roving down to the spindle or flyer A, where it becomes twisted 
or spun into a worsted thread. 

In order to increase or diminish the extent to which the fibres of wool are spread 
over the periphery of tho wheel a, a regulating roller is adapted to the machine, as 
shown at < 7 , in place of the tension roller/. This regulating roller g, is mounted by 
its pivots in bearings on tho circular arms //., shown by dots. These circular arms turn 
li-josely upon the axle of the wheel a, and are raised or depressed by a rack and a 
winch, not shown in the figure ; tho rack diking into teeth on the periphery of the cir- 
cular arms. It will hence be perceived, that by raising the circular arms, the roller g, 
will bo carried backward, and tho fibres of wool pressed upon tho periphery of the 
wheel to a greater extent. On the contrary, the depression of the circular arms will 
draw tho roller g, forward, and cause tho wool to be acted upon by a smaller portion 
of tho periphery of the wheel a, and consequently subject it to less friction. 

When it is desired to employ steam for the purpose of heating wool, the wheel a, 
is formed as a hollow drum, and steam from a boiler, in any convenient situation, is 
conveyed through the hollow axle to the interior of the drum, which, becoming heated 
by that means, communicates heat also to the w’ool, and thereby destroys its curl and 
elasticity. 

Breaking-frame . — Here the slivers are planked, or spliced together, the long end of 
one to the short end of another ; after which they are drawn out and extended by the 
rollers of the breaking-frame. A sketch of this machine is given in/< 7 . 2127. It con- 



sistB of four pairs of rollers a, u, c, b. The first pair A, Reives tho W(^l from 
inclined trough K, whieh is tho planking-table. The slivers are unrolled, pa^ 
and hung loosely over a pin, in reach of the attendant, who takes a sliver, and lays 
it flat in® he trough, and the end is presented to the rollers A, which bemg in mrtio^ 
will draw the wool in; tho sliver is then conducted through other wlle^M 
shown in tho fi-ntro : when the sliver has passed half through, the end of anoUier 
sliver is placed iTpon ‘he middle of the first and they j]*?" 

this second is pas^d half through, the end of a third is applied upon ^le 
and in this way^the short slivers produced by the combing are joined into one regular 

““Thriowe 7 “iler c, receives its motion from the mill, by meaim of a puUey upon the 

enrontraxis aid ai endless strap. The roUcr whh*. is 

down by a heavy weight, suspended from hooks, which are over 

np^ir roller. iL foLi. pair® of rollers i, moves same vdo^y m 

tifwed by means of a small wheel niain the end of the ams of the to 11 « 

turns a wheel of the same size upon the axis of the roller D, y - , 

mediate wheel d, which makes both rollers turn the “a™* ^7 

second pair of rollers, A and B, move only one-thir a 1 , when out on the 

draw 0 ^ 11 X 0 sliver between n and c, to three fames the 

plaaJung-table. The elow motion of the rollers a, is given by a large wheel •, 
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upon the axis of the roller a, and turned by the intermediate cog-wheels h, c, and d ; 
the latter communicates between the rollers c and d. The pinions on the rollers c and 
D, being only one-third the size of the •wheel a, c and n turn three times as fast as a, 
for A, c, and d are only intermediate wheels. The rollers n turn at the s.'imo rate as 
A. The upper roller c is loaded with a heavy weight, similar to the rollers a ; but the 
other rollers, n and d, are no further loaded than the weight of the rollers. 

The t-vro pairs of rollers a, b, and c, n, are mounted in separate frames ; and that 
frame which contains the third and fourth pairs c, n, slides upon tlie cast-iron frame i', 
which supports the machine, in order to increase or diminish the distaiico between llio 
rollers p and c. There is a screw /, by which the frame of the rollers is moved, so 
as to adjust the machine according to the length of the fibre of the -wool. The space 
between b and c should be rather more than the length of the fibres of the wool. 
The intermediate wheels A and c are supported upon pieces of iron, which are moveablo 
on centres; the centre for the piece -which supports the wheel A is concentric with 
the axis of the roller a ; and the supporting piece for the wheel c is fitted on the centre 
of the wheel d. By moving these pieces the intermediate wheels A and c can be 
always kept in contfict, although the distance between the rollers is varied at times. 
By means of this breaking-frame, the perpetual sliver, which is made up by planking 
the sliver together, is equalised, and drawn out three times in length, and delivensd 
into the can a. 

Bramnrf- frame . — Three of these cans arc removed to the drawing-frame, which is 
similar to the hreaking-frame, except that there is no ])lanking-table e. Tlnve ari! 
five sets of rolhrs. all fixed upon one common frame f, the breaking-frame, wliicli we 
have descrilied. being the first. As fast as the sliver comes through one sot of rollers 
it is received into a can. and then three of these cans are put together and passt'd 
again through another set of rollers. In the whole tlio wool must pass through t he 
breaker and four drawing-frames before the roving is licgun. The draught ladiig 
usually four times at each operation of drawing, and throe times in tin* Itreaking, 
the whole will be 3x4x4x4x4 = 7^»8 : but to suit different sorts of wool the ihrt'e 
last drawing-frames are capable of making a greater ilraught, even to five times, 
by changing the pinions ; accordingly the draught will be 3 x 4 x o x 6 x 5 = loOO 
times. 

The size of the sliver is diminished l)y these repeated drawings, because only three 
slivers are put together, and they are drawn out four times ; so that in iho whole the 
sliver is redneed to a fourih ('r a ninth of its original bulk. 

The breaking-frame ami drawing-frame which are used when the slivers are pre- 
pared by the combing-maeliines. arc diffcrenlly construett d ; they have no jdanking- 
table, but receive three of the perpetual .slivers of the eombiiig-maeliin*' from as many 
tin cans, and clra-w them out from ten to twelve limes. In this ea.so all ihe four rolleis 
contribute to t lie operation of drawing: tiius the second mllers n mcive LfJ times as 
fast as the rollers a ; tlic third rollers c move 8 times as fast as a ; and tlu* fourtli 
rollers i: move U)^ times as fast as a. In this case the motion is given to the diden nt 
rollers by means of bevelled wheels, .and a horizontal axi.s which extends neross 
the ends of all the f >iir rollers, to communicate motion from one pair of ruller.s to 
anotlier. 

There are three of these systems of roller.^, which are all mounted cm the same 
frame ; and the first one through which the wool jiasses is called the ‘ hreaking-frame ’ ; 
but it docs not differ from the others, wliicl) arc called ‘dr.iwing-franies.’ The .slivtrs 
which have passed through one system of rollers are collected four or five togetiier, 
and put through the drawing-rollers. In all the slivers pass through tliree drawings, 
and the whole extension is seldom less than 1,000 times, and for some kinds of wool 
much greater. 

After the drawing of the slivers is finished, a pound weight is taken, and is mea- 
sured by means c;f a cylinder, in order to ascertain if the drawing has been properly 
conducted ; if tlie sliver docs not prove of the length proposed, according to the size 
of worsted which is intended to be spun, the pinions of some of the drawn iig-framos 
are changecl, to make the draught more or less, until it is found by experiment that 
one pound of the sliver measures the required length. 

Roving-frame. — Tlii.s is provided w'ith rollers, the same as the drawing -frames : it 
takes in one or two slivers together, and draws them out four times. By this exten- 
sion the sliver becomes so small that it would break with tlie slighU^st force, and it is 
therefore necessary to give some twist ; this is done by a spindle and flyer. See 
Roving., under Cottok SpiNNnca. 

Sginningframe.—liXun is so much like tlic roving-frame tliat a .short description 
will be su^ient. The spindles are more delicate, and there are lliree i)airs of rollers, 
instead of two; the bobbins, which are Uikcn off from tlie spindles of the roving- 
frame when they are quite full, are stuck upon skewers, and the roving which proceeds 
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from them ii conducted between the rollers. The back pair turns round slowly ; the 
middle pair turns about twice for once of the back rollers ; and the front pair makes 
from twelve to seventeen turns for one turn of the back roller, according to the degree 
of extension which is required. 

The spindles must revolve very quickly in the spinning-frame, in order to give the 
requisite degree of twist to the worsted. The hardest twisted worsted is called ‘ tammy 
warp ’ ; and when the size of this worsted is such as to lie 20 or 24 hanks to the pound 
w-eight, the twist is about 10 turns in each inch of length. The least twist is given 
to the worsted for fine hosiery, which is from 18 to 24 hanks to the pound. The 
twist is from 5 to 6 turns per inch. The degree of twist is regulated by the size of 
the whirls or pulleys upon the spindle, and by the wheel-work which communicates 
the motion to the front rollers from the band-wheel, which turns the spindles. 

It is needless to enter more minutely into the description of the spinning machinery, 
because the fluted roller construction, invented by Sir Bichard Arkwright, fully 
described under Cotton Spinning, is equally applicable to worsted. The'difibr- 
enco between the two is chiefly in the distance between the rollers, which in the 
worsted-frame is capable of being increased or diminished at pleasure, according to 
the length of the fibres of the wool ; and the draught or extension of the roving is 
far greater than in the cotton. 

Heeling. — The bobbins of the spinning-frame are placed in a row upon wires before 
a long horizontal reel, and the threads from 20 bobbins are wound off together. The 
reel is exactly a yard in circumference, aud when it has wound off 80 turns it rings 
a bell ; the motion of the reel is then stopped, and a thread is passed round the 80 
turns of folds which each thread has made. The reeling is then continued till another 
SO yjirds is wound off, which is also separated by interweaving the same throiid ; each 
(.f tli('.s(' si'parate parcels is called ‘a ley,’ and when 7 such leys are reeled it is called ‘ a 
hank,’ winch contJiins oGO yards. When this quantity is reeled off, the ends of the 
binding tnread are tied together, to bind each hank fast, and one of the rails of the 
read is struck to loosen the hanks, and they are drawn off at the end of the reel. 
These hanks are next hung upon a hook, and twisted up hard by a stick ; then 
cloubled, and the two parts twisted together to make a firm bundle. In this state the 
hanks are weighed by a small index-machine, which denotes what number of the 
hanks will weigh a pound. And they are sorted accordingly into different parcels. 
It is by this moans that the number of the worsted is ascertained as the denomination 
for its fineness : thus No. 24 means that 24 hanks each containing 660 yards will 
weigh a pound, and so on. 

This Alcuoinination is different from that used for cotton, because the hank of 
cotton contains 840 yards instead of 600 ; but in some places the worsted hauk is 
made of the same length as the cotton. 

’J\) pack up tlie worsted for market, the proper number of hanks is collected to 
make a pound, according to the number which has been ascertained; these are weighed 
as a proof of the correctness of the sorting, then tied up in bundles of one pound each, 
and four of those bundles are again tied together. Then CO such bundles are packed 
up in a sheet, making a bale of 240 lbs. ready for market. 

Of the treatment of short wool for the cloth manufacture. —Short wool resembles cotton 
not a little in the structure of its filaments, and is cleaned by the willg, as cotton is by 
tile willow, which opens up the matted fleece of the wool-stapler, and cleans it from 
accidental impurities. Sheep’s wool for working into coarse goods must be passed 
repealed ly through this machine, both before and after it is dyed; the second last 
time for the purpose of Lleiiding the different sorts together, and the last for imbuing 
the fibres iutimately with oil. The oiled wool is next subjected to a first carding opera- 
tiou called scribbling, whereby it is converted into a broad thin fleece or lap, as cotton 
is by the breaker-cards of a cotton-mill. The woollen lap is then worked by the 
cards proper, which deliver it in a narrow band or sliver. By this process the wool 
expands greatly in all its dimensions ; while the broken or short filaments get entan- 
gled by crossing in every possible direction, which prepares them for the fulling opera- 
tion. See Carding, under Cotton Spinning. 

The sluhbing machine, or hUly, reduces the separate rolls of cardings into a con- 
tinuous slightly-twisted spongy cord, wliich is sometimes called a roving. Fig. 2128 
is a perspective representation of the slubbing machine in most common use. A, A, 
is the wooden frame ; within which is the moveable carriage d, p, which runs upon 
the lower side mils at a, a, on friction wheels at 1, 2, to moke it move easily back- 
wards and forwards from one end of the frame to the other. The carriage contains 
a series of steel spindles, marked 3, 3, which receive rapid rotation from a long tin 
drum F, bv means of a series of cords passing round the pulley or whorl of each 
spindle, dihis drum, C inches in diameter, is covered with paper, and^ extends across 
the whole breadth of the carriage. The spindles are set nearly upright in a fmne. 
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and about 4 inches apart; their under ends being pointed conically, turn in brass 
sockets, called * steps/ and are retained in their position by a small brass collet, which 
embraces each spindle at about the middle of its length. The upper half of each 
spindle projects above the top of the frame. The drum revolves horizontally before 
the spindles, having its axis a little below the line of the whorls ; and receives 
motion, by a pulley at one of its ends, from an endless Ijand which passes round a 
wheel B, like the large domestic wheel formerly used in spinning wool by hand, and 
of similar d mensions. This wheel is placed upon the outside of the main frame of 
the machine, and has its sliafts supported by upright standards upon the carriage i>. 
It is turned by the spinner phicod at o, with liis right hand applied to a winch n, 
which gives motion to the drum, and thereby causes the spindles to revolve with 
great velocity. 

Each spindle receives a soft cylinder or carding of wool, which comes through 
beneath a wooden roller c, c, at the one end of the frame. This is the IMly roller ^ so 



much talked of in the controversies between the operatives and masters in the cotton- 
factories, as an instrument of cruel punishment to children, though no such macliine 
has been used in cotton-mills for half a century at least. Tliese wooden rolls 
proceed to the series of spindles, standing in the carriage, in nearly a liorizoiital 
plane. By the alternate advance and retreat of the carriage upon its railwjiy, the 
spindles are made to approach to, and recede from, the roller c, with the (ift'eet of 
drawing out a given length of the soft cord, uith any desired degree of twist, in the 
following manner : — 

The carding-rolls are laid down straight, side by side, upon the endh^ss eloilj. 
strained in an inclined direction between two rollers, one of wliich is seen at u. and 
the other lies behind c. One carding is allotted to a spindle ; the toUl number of 
each in one machine being from 60 to 100. The roller c, of light wood, presses gently 
with its weight upon the cardings, while they move onwards over the endless doth, 
with the running-oul of the spindle Ciirriage. Immediately in front of the said roller, 
there is a horizontal wooden rail or bar a, with uMother beneath it, placed across the 
frame. The CJirding is conducted through beUveen these two burs, the moveable 
upper one being raised to let any aliquot portion of the roll ])ass freely. When this 
bar is again let down, it pinches the spongy carding fast ; wliem-e this mechanism is 
called the ‘ clasp.* It is in fact the clove, originally used by Hargreaves in his cotton- 
jenny. The moveable upper rail g, is guided between sliders, and a wire 7, descends 
from it to a lever c. When the spindle carriage d, n, is wheeltKl close liome to the 
billy roller, a wheel 6, lifts the end 6 of the lever, which, by the wire 7, raises the 
upper bar or rail o, so as to open the clasp, and release all the card-rolls. Should the 
carriage be now drawn a little way from the clasp bars, it would tend to pull a 
corresponding length of the cardings forward from the inclined plane n, c. There 
is a small catch, which lays hold of the upper bar of the clasp g, and hinders it from 
idling till the carriage has receded to a certain distance, and has thereby allowed 
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from 7 to 8 inches of the cardings to be t^kon out. A stop upon the carnage then 
conios against tho catch, and -witlidrawB it ; thus allowing the upper rail to fell and 
pinch tho carding, while the carriage, continuing to recede, draws out or stretches 
that portion of tho roll which is between the clasp and the spindle-points. But during 
this time the wheel has been turned to keep the spindles revolving, communicating 
the proper degree of twist to the cardings in proportion to their extension, so as to 
prevent them from breaking. 

It might be iraaginod that the stubbing cords would be apt to coil round tho spin- 
dles ; but as they proceed in a somewhat inclined direction to the clasp, they receive 
merely a twisting motion, continually slipping over tho points of the spindles, without 
getting wound upon them. Wlienever the operative or slubber has given a duo 
degree of twist to the rovings, he sots about winding them upon the spindles into a 
conical shape, for which purpose he presses down the faller-wire 8, with his loft hand, 
so as to boar it down from tho points of the spindles, and place it opposite to their 
middle part. IIo next makes tho spindles revolve, while ho pushes in tho carriage 
slowly, so as to coil the slabbing upon the spindle into a conical cop. The vvire 8, 
regulates the winding-on of tho whole series of slubbings at once, and receives its 
proper angle of depression for this purpose from the horizontal rail 4, which turns 
upon pivots in its ends, in brasses fixed on the standards, which rise from the 
carriage n. By turning this rail on its pivots, tho wire 8 may bo raised or lowered 
in any degree. The slubber seizes the rail 4 in his left hand, to draw the carriage 
out ; but in returning it, ho depresses the faller-wire, at the same time that he pushes 
tho carriage before him. 

The cardings are so exceedingly tender, that t hey would readily draw out, or even 
break, if they were dragged with friction upon the endless cloth of tho inclined piano. 
To save this injurious traction, a contrivance is introduced for moving the apron. A 
cord is applied round tho groove in tho middle part of tho upper roller, and after 
passing over pulleys, as shown in the figure, it has a heavy weight hung at the one 
end, and a light weight at the other, to keep it consUntly extended, while the heavy 
weight tends to turn the* rollers with their endless cloth round in such a direction as 


to bring forward the rovings, without putting any strain upon them. Every time 
that the carriage is pushed homts.tho larger weight gets wound up; and when the 
carriage is drawn out, the greater weight turns the roller, and advances tho endless 
apron, so as to deliver the carding at the same rate as tho carriage runs out ; but 
when the proper qiiiintity is delivered, a knot in the rope arrives at a fixed stop, 
which does not permit it to move any further; while at tho same instiint the roller 5 
quits the lover G, and allows tho upper rail a, of the clasp to fall, and pinch the carding 
last; tho w'heel e, being then sot in motion, makes the spindles revolve; and the 
carriage being simultaneously dr.‘iwn out, extends tho slubbings while under tho 
infiueiufo of twisting. In w'iiiding up the slubbings tho operative must toke care to 
push ill the carriage, and to turn the wheel round at such lutes that the spindles will 
not bike up faster than the carriage moves on its railway, or he would injure the 
slubbings. The maehine reejuires the attendance of a child, to bring the cardings 
from the card-engine, to place them upon tho sloping feed-cloth, and to join tho ends 
of the fresh ones carefully to tho ends of tho others newly-drawn under the roller. 
(Slubbings intended for warp-yani must be more twisted than those for weft; but each 
luu.st receive a degree of torsion relative to tho quality of the wool and of the cloth 
intended to bo made. In general, how'cver, no more twist should be given to the 
slubbings than is indispensable for enabling them to be drawn out to the requisite 
slenderness without breaking. This twist torms no part of the twist of the finished 
yarn, for tho slubbing will be twisted in tho contrary direction, when spun afterwards 

ill the ionny or mule. . i « v . 

It may here bo remarked, that various machines have been constructed of late years 
for making continuous card-ends, and slubbings, in imitation of the carding and 
roving of tho Cotton Sfinnino; to which article therefore the reader may be re- 
ferred. The wool slubbings are now spun into yarn, in many factories, by means 
of tlie mule. Indeed, in France the finest yarn, for the mousseUne-de-laine fabnes, is 
beautifully spun upon tlio self-actor mule of Sharp and :Roberts.» , * 

Tenter tho cloth is returned from the fulling-miU it is stretched upon 
the tenter frame, and left in the open air till dry. 

In the woollen manufacture, as the cloUi suffer, by the operation of the fulling- 
mill, a shrinkuL'c of its breadtii to well-nigh one-halt, it must at ^ 
nearly double its intended width when finished. Superfine six-quarter broad dothg 
must therefore be turned out of the loom twelve-quarters wide. 


’ See this admirable machine fully described and delineated In Dr. Dre’s CoWm Manvfwtusn 
Great BritaUif vol. ii. ■ 
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Burling is the name of a process, in which the dried cloth is eraininod minutely in 
every part, freed from knots or uneven threads, and repaired by sowing any little 
rents, or inserting sound yarns in the place of defective ones. 

Teaaling, — The object of this operation is to raise up the loose filaments of the 
woollen yarn into a nap upon one of the surfaces of the clotli, by scratching it either 
with tliistle-heads, called ‘ teasels,’ or with teasling-cards or brushes, made of wire. The 
natural teasels are the balls which contain the seeds of tlio plant called Bipsacm ful- 
lonum ; the scales which form the balls, project on all sides and end in sharp elastic 
points, that turn downwards like hooks. In teasling by hand, a number of these balls 
are put into a small wooden frame, having crossed handles, eiglit or teo inches long, 
and when thus filled, form an implement not unlike a curry-comb, which is used by 
two men, who seize the tejisel-frame by the handles, and scrub the face of the cloth, 
hung in a vertical position from two horizonUil rails, made fast to the ceiling of the 
workshop. First, they wet the cloth and work throe times over, by strokes in the 
direction of the warp, and next of that of the weft, so as to raise all the loose 
fibres from the felt, and to prepare it for shearing. In large manufactories, this 
dressing operation is performed by a machine called a ‘ gig-mill,’ which originally 
consisted, and in most places still consists of a cylinder bristled all over with the 
thistle-heads, and made to revolve rapidly w’hilo the cloth is drawn over it in a 
variety of directions. If the thistle bo drawn in the line of the warp, the points 
act more efiicaciously upon the weft, being perpendicular to its softer spun yarns. 
Inventors who have tried to give the points a circular or oblique action between the 
warp and the weft, proceed ajipiirontly upon a false principle, as if the cloth were 
like a plate of metal, whose substiince could bo pushed in any direction. Teasling 
really consists in drawing out one end of the filaments, and leaving the body of them 
entangled in the cloth; audit should cease and pull them porpeudicularly to their 
length, because in this way it acts upon the ends, which being least implicated, may 
be most readily disengaged. 

When the hooks of the thistles become clogged with floclcs of wool, they must bo 
taken out of the frame or cylinder, and cleaned by children with a srafill comb. 
Moisture, moreover, softens tlicir points, and impairs their toasling powers ; an clfeot 
w'hich needs to be counterbalanced, by taking them out, and drying tliem from time to 
time. Many contrivances have, therefore, been pro})osed, in which metallic teasels of 
an unchangeable nature, mounted in rotatory machines, driven by power, have been 
substituted for the vegetable, which being required in prodigious quantities, become 
sometimes excessively scarc.e and deiir in the clothing districts. In 1818, several 
schemes of that kind were patented in France, of wliich those of M. Aruold-Merick, 
and of MM. Tauriu freres, of Klboeuf, are described in the 16th volume of ‘ Brevets 
d’lnveution Expires.’ Mr. Daniell. cloth-manufacturer in Wilts, renewed this inven- 
tion under another form, by making his rotatory cards with two kinds of metallic 
wires, of unequal lengths ; the one set long, thin, and delicate, representing the points 
of the thistle ; the other, shorter, stiflfer, and blunter, being intended to stay the cloth, 
and to hinder the former from entering too far into it. But none of these processes 
liave succeeded in discaixiing the natural tefisel from the most eminent manufactories. 

The French Government purchased in 1807, the patent of Douglas, an English 
mechanist, who had, in 1802, imported into France, the best system of gig-mills then 
used in tlie west of England. A working set of his machines having been placed in 
tlio Conservatoire des Arts, for public inspection, they wore soon introduced into most 
of the French establishments, so as generally to supersede teasling {lainage) by hand. 
A description of them was published in the tliird volume of the ‘ Brevets d’lnvention.’ 
The following is an outline of some subsequent improvements - 

1. As it was imagined that the seesaw action of the hand-operative was in some 
respects more effectual than the uniform rotation of a gig-mill, this was attempted to 
be imitated by an alternating movement. 

2. Others conceived that the seesaw motion was not essential, but that it was advan- 
tageous to make the teasels or cards act in a rectilinear direction, as in working by 
hand ; this action was attempted by placing the two ends of the teasel-fntme in grooves 
formed like the letter D, so that the teasel should act on the clotli only when it came 
into the rectilinear part Mr. Wells, machine-maker, of Manchester, obtained a patent, 
in 1832, for this construction, 

3. It was supposed that the teasels should not act perpendicularly to the weft, but 
obliquely or circularly upon the face of the cloth. Mr. Ferrabee, of Gloucester, 
patented 1880, a scheme of this kind, in which the teasels are mounted upon two 
endless diaius, which traverse from the middle of the web to the selvage or list, one to 
the right, and another to the left hand, while the cloth itself passes under them with 
such a velocity, that the effect, or resultant, is a diagonal action, dividing into two 
equal parts the rectangle formed by the veft and warp yams. Throe patent machines 
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of Mr. George Oldland — the first in 1830, the second and third in 1832 — all proceed 
upon this principle. In the first, the teasels are mounted upon disks made to turn flat 
upon the surface of the cloth ; in the second, the rotating disks are pressed by cork- 
screw spiral springs against the cloth, which is supported by an elastic cushion, also 
pressed against the disks by springs; and in the third machine, the revolving disks 
have a larger diameter, and they turn, not in a horizontal, but in a vertical plane. 

4. Others fancied that it would bo beneficial to support the reverse side of the cloth 
by flat hard surfaces, while acting upon its face with cards or teasels, Mr. Joseph 
Cliseld Daniell, having stretched the cloth upon smooth levcd stones, teasels them by 
hand. 

5. Messrs. Charlesworth and Mcllor obtained a patent, in 1829, for supporting the 
back of the cloth with elastic surfaces, while the part was exposed to the toasling 
action. 

6. Elasticity has also been imparted to the teasels, in the three patent inventions of 
Mr. Sevill, Mr. J. C. Daniell, and Mr. E. Atkinson. 

7. It lias been thought useful to separate the teasel-frames upon the drum of the 
gig-miil, by simple rollers, or by rollers heated with steam, in order to obtain the 
combined clfecl of calendering and teasling. Mr. J. C. Daniell, Mr. G. Hadcn, and 
Mr. J. Eaynor, have obtained patents for contrivances of this kind. 

8. Several French schemes have been mounted for making the gig-drum act upon 
the two sides of the cloth, rreven to mount two drums on the same machine, 

Mr. JoiuiS, of Lei^ds, contrived a. very excellent method of stretching the clotli, so 
as to prevent the formation of folds or wrinkles. (St‘o Newton’s ‘ Journal,’ vol. viii. 
2nd series, pag(j 126). Mr. Collier, of Paris, obtained a patent, in 1830, for a greatly 
improved gig-mill, upon Douglas’s plan, which is now much esteemed by the Frencli 
clothiers. The following figures 2129, 2130) and description exhibit one of the 
latest find best toasling raiichincs. It is the invention of M. Dubois & Oo., of Louvier.s, 


and is now doing excellent work in that celebrated seat of the cloth manufacture. 

In the fulling mill, the woollen web acquires body and thickness, at the expense of 
its other dimensions ; for being thereby reduced about one-third in length, and one- 
half in breadth, its surface is diminished to one-third of its size fis it comes out of the 
loom ; find it has, of course, iucriiased threefold in tliicknes.s. As the filaments drawn 
forth by teasling, fire of very unequal lengths, t.liey must bo shorn to mfike them level, 
and with different degrees cf closeness, according to the quality of the stuff, and the 
appearance it is desired to have, llut, in general, a single openition of each kind is 
insuffiei(‘nt ; whence, after Iniving passed tlio cloth once through the gig-mill, and once 
through the shearing-machine (tondevse), it is ready to receive a second toasling, 
deeper tlmn the first, find then to suffer a second shcfiring. Tims, by the alternate 
repetition of those processes, as often as is deemed proper, the cloth finfilly acquires 
its wished-fer appearfince. Doth of those operations are veiy delicate, especially the 
first; and if they bo ill conducted, the cloth is weakened, so as to tefir or vcfir most 
readily. On the other hand, if they be skilfully executed, the fabric becomes not only 
more sight ly, but it acquires strength and durability, because its face is changed into 
a species of fur, which protects it from friction and humidity. 

Fi(/s. 2129, 2130, represent the gig-mill in section, and in front elevation, a, b, c, d, 
a' if o' I)' iieing the strong frame of iron, cast in one piece, having its feet enlarged 
a little more to the inside than to the outside and bolted to largo blocks in the stone 
pavement. The two uprights are bound together below by two cross-beams a .being 
fiistened with scrcw-l>olts at the cfirs ; and at top, by two wrought-iron 

stretcher-rods d, whose ends are secured by screw-nuts at D, ®'. The drum is mounted 
upon a wTought-iron shaft f, which boars at its right end {fig. 2130), exterior to the 
frWe, usual riggers, or fast-aud-looso pulley. JT,/, rhich mobou to the 
machine by a band from the main slniftof the mill. On its right end, within the frame, 
the shaft has a bevel-wheel i--. for transmitting movement to the cloth as will be 
afterwards explained. Throe crown wheels o, of which one is shown in the spet'™. 
fiq. 2129, are, iis usual, keyeil by a wedge to the shaft F. Their contour is as 

lind, with six semi-cylindrical hollows, separated altematoly by “ ^ 

the perit.hery. One of those tlireo wheels is placed in the middle of the shaftj^and. 

the otlier two, towards its extremities. Their size may be judg^ of, from 

of fiq 2129 After having set them so tliat all their spokes or radii c^espond exa^y, 

the 16 sides n are made^fast to the 16 portions of the periphery, which 

the three wheels. These sides are made of sheet-iron, craved in a ^tto tom, 

fiq. 2129, but rounded off at the eaijfl. 2130, and each of them is 

felloes of the wheels by three holts h. The elastic part of the plato iron allows of their 

left Bi^cfoi wolf their tot portions furthest ^ 

may^Ue pretty truly on a cylindrical surface, whose axis would coincide with that of 

the shaft f. „ 

Voi.III. 
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Between the 16 skies there are 16 intervals, which correspond to the 16 hollowings 
of each of the wlieels. Into these inten’uls are adjusted, with proper precautions, 16 
frames bearing the teasels which are to act upon the cloth. These are fitted in as 
follows Each has the shape of a rectangle, of a length equal to that of the drum, 
hut their breadth only large enough to contain two thistle-heads set end to end, Uius 
making two rows of parallel teasels throughout the entire length (see the contour in 
,^<7. 2129). A portion of the frame is represented in 2131. The large side i, against 
which the tops of the tonsels rest, is hollowed out in a semi-cylinder, and its opposite 
side is cleft throughout its whole length, to receive the ttiils of the teasels, which are 
seated and comprcssotl in it. There are, moreover, cross-bars i, which serve to 
maintain the sides of the frame i, at an invariable distance, and to form short 
compartments for keeping the thistles compact. The ends are fortified by stronger 
bars k, A:, with projecting bolts to fasten the frsimes between the ribs. The distance of 
the sides of the frame i, i', ought to be such, that if a frame he laid upon the drum, 
in the interval of two ribs, the side i will rest upon the inclined plane of one of the 
ribs, and the side i' upon theinclined plane of the other (see Jig. 2129) ; while at the same 
time the bars k, of the two ends of the frame rest upon the flat parts of the ribs 
themselves. This point being secured, it is obvious, that if the ends of the bars k bo 
stopped, tho frame will bo made fast. But they need not bo fixed in a permanent 
manner, because they must be frequently removed and replaced. They are fastened by 
tlio clamp, Jigs. 2132, 2133, which is shut at the one end, and furnished at tho other 
with a spring, which can l)e opened or shut at pleasure. 2 and 4, in Jig. 2130 (near 
tlie right end of the shaft f), shows tho place of tlie clamp, Jigs. 2132, 2133. The bar 
of tlie right hand is first set in the clamp, by holding up its other end ; the frame 
is tlicn let down into the left-hand clamp. 
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The cloth is wound upon the lower beam q, jig. 2129 ; thence it passes in conUict 
W'ith a wooden cylinder t, turning upon an axis, and proceeds to the upper beam p, 
on to which it is wound ; by a contrary movement, tho cloth returns from tho beam . 
p to Q, over the cylinder t ; and may thus go from the one to the other as many times 
as sliall be requisite. In these successive circuits it is presented to the action of the 
teasels, under certain conditions. In order to bo properly teasled, it must have an 
equal tension throughout its wdiole breadth during its traverse : it must be brought 
into more or less close contact M’itli the drum, according to the nature of the cloth, 
and the stage of the operation ; sometimes being a tangent to the surface, and 
sometimes embracing a greater or smaller portion of its contour, it must travel with a 
determinate speed, dependent upon the velocity of the drum, and calculated so as to 
produce the best result : the macliiao itself must make the stuff pass alternately from 
one W'inding beam to the other. 

lj\Jiq. 2130, before the front end of the machine, there is a vertical shaft l, as high 
as the framework, which revolves with gi’eat facility, in the bottom step /, the middle 
collet l\ and top collet I", in the prolongation of the stretcher d. Upon this upright 
shaft are mounted — 1, a bevel -wheel U; 2, an upper bevel-pinion m, with its boss v ' ; 
3, a lower bevel-pinion n, with its boss n. The bevel-wheel l' is keyed upon the 
shaft L, and communicates to it the movement of rotation which it receives from the 
pinion J'^ with which it is in gear ; but the pinion which is mounted upon the shaft 
F of tho drum, participates in the rotation which this shaft receives from the prime 
mover, by means of the fast rigger-pulley /'. The upper pinion m is independent 
upon the shaft l ; that is to say, it may be slidden along it, up and down, without 
being driven by it ; but it may be turned in an indirect manner by means of six curved 
teeth, projecting from its bottom, and which may be rendered active or not at pleasure ; 
these curved teeth, and their intervals, correspond to similar teeth and intervals u^n 
the top of the boss which is dependent, by feathered indentations, upon the rotation 
of L, though it can slide freely up and down upon it. When it is raised, therefore, it 
comes into gear with M. The pinion n, and its boss, have a similar mode of beixiig 
thrown into and out of gear with each other. The bosses m' and w', ought always to- 
be moved simultaneously, in order to throw one of them into gear, and the other ont 
cf gear. The shaft l servos to put the cloth in motion, by means of the berel- 
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-wheels t" and q", upon the ends of the beams r and q, wliich take into the pinions 
H and N. 

The mechanism destined to stretch the cloth is placed at the other end of the 
machine, where the shafts of the beams, p, q, are pi’olonged beyond the frame, and 
liear at their extremities p' and q', armed each -with a brake. The beam p ( /iff. 2129), 
turns in an opposite direction to the drum ; consequently’’ the cloth is wound upon r, 
and unwound from q. If, at the same time as this is going on, the handle; r, of tlie 
brake-shaft, bo turned so as to clasp the brake of the pulley q' and release that of the 
pulley p', it is obvious that a greater or smaller resistance will be occasioned in the 
beam q, and the cloth which pulls it in unwinding, Mill be able to make it turn only 
vrhen it has acquired the requisite tension ; hence it will he necessary, in order to in- 
crease or diminish the tension, to turn the liandlo r' n little more or a little less in the 
dirMtion which clasps the brake of the pulley o'; and as the brake acts in a very 
equable manner, a very" equable tension will lake, place all the time that the cloth 
tiikes to pass. Besides, should the diminution of the diameter of the l)eam q render 
the tension less efficacious in any considerable degree, the Ijrake M'ould need to l)e un- 
damped a very little, to restore the primitive tension. 

When the cloth is to lie returned from the beam r to the beam o, z must bo 
lowered, to put the shaft l out of gear above, and in gear below ; then tlie clotli-l>eam 
Q, being driven by that vertical sliaft. it udll turn in the same direction as the drum, 
and will wind the cloth round its surface. In order that it may do so. M’ith a suitable 
tension, the pulley q' must lie left fre('. by^ clasping the brake of the pulley r' so as to 
oppose an adequate resistance. 

The cloth is brought into more or less close contact with the drum ns follows;-— 
There is for this purpose a -wooden roller t, against wdiich it presses in passing from 
the one -winding beam to the oilier, and which may have its position clinngcd rela- 
tively to the drum. It is obdous, for example, that in departing from the yjosition 
represented in fy. 2129, where the cloth is nearly a tfingent to the drum, if tl)(^ roller 
t' be raised, tlie doth "will cea.se to touch it; and if it be lowered, the doth will, on 
the contrary, embrace the drum over a greater or loss portion of its periphery. 3’or 
it to produce these effects, tlie roller is borne at each end, I’y” iron gudgeoms, upon the 
lu'ads of an arched rack t" { f </. 2129). u’hore it is held merely by’ pins. Thc.se racks 
have the same curvature as the circle of the frame, against -wliich they are ad justed by’ 
two bolts; and ly mean.'^ of slits, >vhich these bolts traverse, they- mav be slidd(;ii up- 
wards or down-wards, and consequently raise or depress the roller t. But to gi’aduate 
the movements, and to render them equal in the two racks, there is a shaft u, sup- 
ported by the uprights of the frame, and which carries, at each end. piniim.s r', r", 
which work into the two racks t', t": this shaft is extended in front of the frame, 
ujjoij the side of the head of the machine (fig. 2130), and there it carries a ratclut- 
•wdied u, ■with a handle 2 d. The workman, therefore, reqnircis merely tx3 lay hold of 
the handle, and turn it in the direction of the ratchet-wln'el, to raise the raek*;, and 
the roller T, which they carry ; or to lift the click or catch, and turn tlie lomdle in 
llie opposite dirtK'tion. when lie wishes to low'er the roller, so as to apply the cloth to 
a larger portion of the drum. 


(h.oTii Croppino. 

Of machines for cropping or shearing w'oollen cloths, th<.y;o of Lewis and Davis have 
been very generally used. 

2134 is an end view, and fig. 2135 is a side view', of Lewis's madiirie for 
shearing cloth from list to list. Ft^. 2136 is an end view of the carriage, -with the 
rotatory cutter detached from the frame of the machine, and upon a larger scale : a is 
a cylinder of metal, on -which is fixed a triangular steel wire ; this wire is previously 
bent pound the cylinder in the form of a screw-, as repre.sented at a, a, in fig. 2134 , 
and, being hardened, is intended to constitute one edge of the .shear or cutter. " 

The axis of the cylindrical cutter a turns in the frame 5, which, liaving proper 
adjustments, is mounted on pivots c, in the standard of the travelling carriage d, d; 
and e is the fixed or ledger blade, atmehed to a bar/, -w-hieh constitutes the other edge 
of the cutter; that is, the stationary bhide, against -whieh the edges of the rotatory 
cutter act; / and g are flat springs, intended to keep the ciolli (show'n by dots) up 
against the cutting edges. The form of these flat springs / g is shown at. figs. 2137 
and 2188, as consisting of plates of thin metal cut into narrow slips (fig. 2138 ), or 
perforated with long holes (fig. 2137). Their object is to support the cloth w’hich is 
intended to pass between them, and operate as a spring bed, bearing the surface of the 
cloth against the cutters, so that its pile or nap may lie cropped off’ or shorn as tlie 
carriage d is draim along the top rails of the standard or frame of the machine h h, 
by means of cords. 
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The piece of cloth to bo bhorn is wound upon the boam Ar, and its end is tJh,en con* 
ducted through tho machine, between the flat springs /’and g (as shown in fg, 2136 ), 
to tho other beam Z, 
and is then made fast ; 
the sides or lists of tho 
cloth being held and 
stretched by small 
liooks, called ‘habit- 
ing hooks.’ The cloth 
being thus placed in 
tho machine, and 
drawn tight, is held 
dtstendod by moans of 
ratchets on the ends 
of tho beams k and 
/, and palls. In com- 
nieiicing tho opera- 
tion of shearing, the 
carriago a must bo 
brought back, as in 
Jig. 2136, so tliat tho 
cutters shall bo close to the list ; the frame of the cutters is raised up on its pivots 
as it recedes, in order to keep the cloth from injury, hut is lowered again previously 
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to being put in action. A band or winch is applied to the rigger or pulley //<, which, 
l>y means of an endless cord passed round the pulley w, at the reverse end of the axle 
of niy and round tho other 

pulleys 0 and y?, and tho small 2137 2138 

pulley q, on the axle of tho 
cylindrical cutter, gives the 
cylindrical cutter a very rapid 
rotatory motion ; at tho same 
time a worm, or endless screw, 
on the axle of m and n, taking 
into tho teetli of the largo 
wheel r, causes that wdieel to 
revolve, and a small drum s, 
upon its axle, to coil up tho 
c.ijrd, by which tho carriago d, 
with the cutters a and c, and 
the spring Ijed / and are 
6 lowl 3 % but progressively, made 
to advance, and to carry the 
cutters over tho face of the 
cloth, from list to list ; tho 
rapid rotiition of tho cutting 
cylinder a, protlucing the operation of cropping or shearing the pile. 

Upon tho cutting cylinder, betwoen the spiral blades, it is proposed to place strips 
of plush, to answer the purpose of brushes, to raiso the nap or pile as the cylinder 
goes around, and thereb}- assist in bringing the points of tho wool up to the cutters. 

The same contrivance is adapted to a machine for shearing tho cloth lengthwise. 

Fig. 2139, is a geometrical elevation of one side of Mr. Davis’s machine. Fig, 2140, 
a plan or horizontal representetion of the same, us seen at top \ and Jig, 2141, sec* 
tion taken verticuliy across the machine near tho middle, for tho purpose of di^lay* 




1174 


WOOLLEN MANUFACTURE 


ing the working parts more perfectly than in the two preceding figures. These 
thi^ figures represent a complete machine in working condition, the cutters being 
worked by a rotatoiw motion, and tho cloth so placed in the carriage as to be cut 
from list to list, a, a, a, is a frame or standard, of wood or iron, firmly bolted 
together by cross braces at the ends and in the midillc. In the upper side-rails of the 
standard, there is a series of axles carrying aiiti-frictiou w^heels, b, bf b, upon which 



the side-rails c, c, of the carriage or frame that bears the cloth runs, when it is pass- 
ing under the cutters in the operation of shearing. The side-rails c, c, are straight 
bars of iron, formed with edges r, on their under sides, which run smoothly in the 
grooves of the rollers b, h, h. These side-rails arc firmly held together by tho end 
stretchers (L d. The sliding frame has atbiched to it the two lower rollers c, c, upon 
which the cloth intended to be sliorn is wound ; the two upper laUral rollers,/’,/, over 
which the cloth is conducted and held up; and tho tw'o end rollers//. //, by which the 
habiting rails h, h, are drawn light. 



In preparing to shear a piece of cloth, the wliole length of the piece is, in the fir.st 
place, tightly rolled upon one of the lower rollers c, which must be something longer 
than the breadth of the cloth from list to list. The end of tho piece is then raised 
and passed over the top of the lateral rollers /,/, whence it is carried down to the 
other roller c, and its end or farral is made fast to that roller. The hooks of tho 
habiting rails h, h, are then put into the lists, and the two lower mllers c, c, with tlio 
two end rollers g, g, are then turned, for the purpose of drawing up the cloth, and 
straining it tight, which tension is preserved by ratchet-wheels attached to the ends 
of the respective rollers, with palls dropping into their teeth. Tiie frame carrying 
the cloth is now slidden along upon the stop standard rails by hand, so tiiat tlie list 
shall be brought nearly up to the cutter i, i, ready to commence the shearing ope- 
»tion ; the bed is then raised, which brings the cloth up against the edges of the 
shears. 
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The construction of the bed will be seen by reference to the cross-section fig, 2141. 
It consists of an iron or other metal roller, X-, Xr, turned to a truly cylindrical figure, 
and covered witli cloth or leather, to afford a small degree of elasticity. This zuUsr 
is mounted upon pivots in a frame, Z, /, and is supported by a smaller roller w, 
similarly mounted, which roller is intended merely to prevent any bending or 
depression of the central part of the upper roller or bed k, X% so that the cloth may be 
kept in close contact with the whole length of the cutting blades. 



In order to allow the bed h to rise and j'.il),ior tlu* purpose of bringing the cloth up 
to the cutters to bo shorn, or lowering it aw'.'iy from them after the operation, the frame 
/. /, is made to slide iiy) and down in the grooved standard n, the moveable part en- 
closed within the standard being shown by dots. This standard is situated about 
the middle of the machine, crossing it immediately under the cutters, and is made 
fast to the frame a, by bolts and screws. There is a lever, o, attached to the lower 
(Toss-rail of the standard, which turns upon a fulcrum-pin, the extremity of the 
shorter arm of which lever acts under the centre of the sliding-frame, so that by the 
lover 0 , the sliding-frame, wdth the bed, may bo raised or louvered, and when so raised, 
be held up by a spring-catchy. 

It being now* explained by what means the bed which supports the cloth is con- 
structed, and brought up, so as to keep the cloth in close contact with the cutters, 
while, the operation of shearing is going on; it is necessary, in the next place, to 
describe the construction of the cutters, and their mode of working; for which pur- 
pose, in addition to what is shown in the first three figures, the cutters are also repro* 
sented detached, and upon a larger scale, in jig. 2142. 

In this figure is exhibited a portion of the cutters in the same situation as in jig, 
21^6 ; and alongside of it is a s6'Ction of the siime, taken through it at right angles 
to the former ; y), is a metallic bar or rib, somewhat of a wedge fonn, which is 
fastened to the top part of the sUndard a a, seen best in 2135. To this bar a 
straight blade of steel g, is attiiched 
])y screw's, the edge of which stands n 
forw'ard even with the centre or axis ; j 
of the cylindrical cutter /, and forms i 
the ledger blade, or lower fixed edge 
of the shears. This blade remains 
stationary, and is in close contact 
with the pile or nap of the cloth, when the bed X*, is raised, in the manner above 
described. 

Idle cutler or upper blade of the shears, is formed by inserting two or more strips 
of plate steel, r, r, in twisted directions, into grooves in the metallic cylinder i, i, the 
edges (»f which blades r, as the cylinder i revolves, traverse along the ^ge of the 
lixed or ledger-blade g, and by their obliquity produce a cutting action like shears ; 
tli(? edges of the two blades taking hold of the piled or raised nap, as the cloth 
passes under it, shaves oft’ the superfluous ends of the wool, and leaves the face 
smooth. 

Kotatorv motion is given to the cutting cylinder i, by means of a band leading 
from tlie wheels, which passes round the pulley fixed on the end of the cylindfliFt, 
the wheel *• being driven by a band lending from the rotatory part of the etemft* 
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engine, or any ottier first mover, and passed round the rigger t, fixed on tlio axle s. 
Tension is given to this band by a tightening pulley, u, mounted on iin adjustable 
sliding'piece v, which is secured to the stjindard by a. screw ; and this trigger is 
thrown in and out of gear by a clutch-box and lever, which sets the machine going, 
or stops it 

In order to give a drawing stroke to the cutter, whicli will cause the piece of cloth 
to be shorn ojff with better effect, the upper cutter has a. slight lateral action, pro- 
duced by the axle of the cutting cylinder being made sufficiently long to allow of its 
sliding laterally about an inch in its bearings ; which sliding is effected by a cam v\ 
fixed at one end. This cam is formed by an oblique groove, cut round the axle 
(see V},jig. 2142), and a tooth, a*, fixed to the frame or standard which works in it, as 
the cylinder revolves. By means of tliis tooth, the cylinder is made to slide laterally, 
a distance equal to the obliquity of the groove u\ which produces the drawing sti’okc 
of the upper shear. In order hiat the rotation of the shearing cylinder may not be 
obstructed by friction, the tooth .r, is made of two pieces, sot a little apart, so as to 
afford a small degree of elasticity. 

The manner of passing the cloth progressively under the cutters is as follows : — 
On the axle of the wheel .v, and immediately behind that wheel, there is a. small rigger, 
from -which a band passes to a wheel ?/, mounted in ;m axle turning in bearings on the 
lower side-rail of the standard a. At the reverse extremity of this axle, tliere is an- 
other small rigger 1, from which a Ijaiid passes to a wdieel 2. fixed on the axIeJi, which 
crosses near the middle of the machine, seen mfig. 2141. Upon this axle there is a 
sliding pulley 4, round which a cord is passed several times, wdiose extremities arc 
made fast to the ends of the sliding carriage d\ when, lh(;reforc, this jmlloy is locked 
to the axle, which is done by a. clutch box, the previously-clescribod movements of the 
macliine cause the pulley 4 to revolve, and l)y ineiins of the rope passed round it, to 
draw the frame, with the cloth, slowly and pr(»gressivoly along under the cutters. 

It remains only to point out the contrivance whereby the machinery throws itself 
out of gear, and stops its operations, when the edge of the cloth or list arrives at the 
cutters. 

At the end of one of the habiting rails, 4, there is a. stop affixed by a nut and screw 
6, whicli, by the adv.ince of the carriagt;, is Immght up and made to press against <i 
lever 6 ; when an arm from this lever C, acting under the catch 7, raises the catcli up, 
and allows the hand-lever 8, w'liich is pressed upon l>y a strong spring, tx) throw the 
clutch-box 10, out of gefir with the wheel 8 ; whereby the revolution of the maehino 
instantly ceases. The lower part of the lever 6, being eonuected by a joint to the top 
of the lever y, the receding of the b-ver 6, draw’s back the low’er catch,;, and allows tlio 
sliding frame. /, /, within the bed k, to descend, iiy now turning the low'er rollers c, c, 
another portion of the cloth is brought up to be shorn; and when it is properly 
habited and strained, by the means above described, the carriage is slidden back, and 
the parts being all thrown into gear, the operation goes on as l^cforc. 

Mr. Hirst’s improvements in manufacturing W’ooilen cloths, for w’liieli a patent was 
obtained in Februaiy’ 1830, apply to that part of the procesf; w’liere a permanent lustre 
is given usually l>y W’hat is called roll-boiling ; that is. stowing the elotli, wlien tightly 
wound upon a roller, in a vessel of hot waiter or steam. As there are many disadvan- 
tages attendant upon the operation of roll -boiling, sucli as injuring ilit! cloths, by over- 
heating them, which w’eakens the fil;>re of t]i(3 wool, and also changes some colours, he 
substituted, in place of it, a ])artieular mode of acting upon the cloths, l)y occasional 
or intermitted immersion in liot water, and also in cold wruter ; which operations may 
be performed either w’ith or without pressure upon the cloth, as circumstances may 
require. 

llie apparatus -which he proposed to employ for carrying on his imja'oved process 
is shown in the accompanying drawings. Fig. 2143, is a front view of the apparatus, 
complete, and in working order;////. 2144. is a section, taken tran.sversely through the 
middle of the machine, in the direction of Jig. 2145 ; ami Jig. 2145 is an end view of 
the same, a, a, a, is a vessel or tank, made of iron or W’ood, or any other suiUiblo 
material ; sloping at the bfick and front, and perpendicular at the ends. . This tank 
must be sufficiently large to admit of half the diameter of the cylimler or drum, 5, 5, 5, 
being immersed into it, which drum i.s about four feet in dianietitr, and about six feci 
long, or something more than the width of the piece of dotli int»mded to be operated 
upon. This cylinder or drum, b, b, is constructed Ijy combining segments of wood cut 
radially on their edges, secured by scrcw-holts to tlie rims of the iron wheels, having 
arms, with an axle passing through the middle. 

The cylinder or drum being thus formed, rendered sniootli ou its periphery, and 
mounted upon its axle in the tank, the piece of cloth is wound upon it as tightly as 
possible, whi(ffi is done by placing it in a heap upon a stool, as at c,J{g. 2144, passing 
4ti end oyer and between the tension rollers ri, c, and then securing it to the drum ; 
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the cloth is progressively drawn from the heap, between the tension-rollers, which 
are confined by a pall and ratchet, on to the periphery of the dram, by cansing, the 



dmra to r( volve upon its axis, until the whole piece of cloth is tightly around upon the 
drum ; it is then bound round with canvcis or other wrappers, to keep it secure. 



If tlio tank lias not been previously charged with clean and pure water, it is now 
filled to the brim, as shown 2144, and opening the stopcock of the pipe /, which 

leads from a boiler, the steam is allowed 
to blow through the pipe, and discharge 
itself at the low’cr end, by which means 
the temperature of the water is raised 
in the tank to about 170° Fahr, Before 
the temperature of the water has got 
up, the drum is set in slow rotatory 
motion, in order that the cloth may 
bo uniformly heated throughout; the 
drum making about one rotation per 
minute. The cloth, by immersion in 
the hot water, and passing through tlio 
cold air, in succession, for the space ot 
about 8 hours, gets a smooth soft face, 
the texture not being rendered hai’sh, 
or otherwise injured, ns is frequently 
the case by roll-boiling. 

Uniform rotatory motion to the 
drum is shown in Jig. 2143, in which 
an endless screw or worm is placed 
horizontiilly, and driven by a steam-engine or any other first mover employed in the 
factory. This endless screw takes into the tooth of, and drives, the vertical wheel H, 
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upon the axle of which the coupling-box t, £, is fixed, and, consequent!}', continually 
revolres with it. At the end of the shaft of the drum, a pair of sliding clut-ches 
/fc, are mounted, which, when projected forward, as shown by dots in Jig. 2143, pro- 
duce the coupling or locking of the drum-shaft to the driving-wheel, by which the 
drum is put in motion ; but on withdrawing the clutches k, from the coupling-box 
i, i, as in the figure, the drum immediately stands still. 

After operating upon the cloth in the way described, by passing it through hot 
water for the space of time required, the hot water is to he w'ithdrawn by a cock at the 
bottom, or otherwise, and cold water introduced into the tank in its stead; in whicli 
cold water the cloth is to be continued turning, in the manner above described, for the 
space of 24 hours, which will perfectly fix the lustre that the face of the cloth has 
acquired by its immersion in the hot iv’ater, and leave the pile or nap, to the touch, in 
a soft silky state. 

In the cold-water operation lie sometimes employs a heavy pressing-roller /, wliich, 
being mounted in slots in the frame or standard, revolves with the large drum, rolling 
over the back of the cloth as it goes round. This roller may be made to act upon the 
cloth with *any required pressure, by depressing the screws w?, m, or by the employ- 
ment of weighted levers, if lliat should be thought necessary. 

Pressing is the last finish of cloth to give it a smooth level surface. The piece is 
folded back-wards and forwards in yard-lengtlis, so as to form a thick package on tln^ 
board of a screw or hydraulic press. Jietw’cen every fold sheets of glazed paper arc 
placed to prevent the contiguous surfaces of the cloth from coming into contiict; and 
at the end of every 20 yards, three hot iron plates are inserted between the folds, the 
plates being laid side by side, so as to occupy the whole surface of the folds, Tliin 
sheets of iron not heaUd are also inserted aboA’o and below the hot plates to moderate 
the heat. When the packs of cloth are properly folded, and piled in sufficient number 
in the press, they arc subjected to a severe compression, and left under its influence 
till the plates get cold. Tlie cloth is now t-iiken out and folded sigain, so tliat tlie 
creases of the fonner folds may como opposite to the flat faces of tlio paper, and be 
removed by a second pressure. In finishing superfine cloths, hoNvever, a very slight 
pressure is given with iron plates but moderately warmed. Tin; satiny lustre am I 
smootlines.s given by strong compression with much heat is objectionable, as it renders 
the surface apt to become spotted and disfigured by rain. 

Pass's Patent Improvements in IVool-eornhing Machinery, March 13, ISoJ. — The first 
improvements described have relation to the machine for forming the w'ool into slieets 
of a nearly uniform thickness, technically known as the ‘ sheeter,’ and consists chiefly 
in combing wdtli the ordinary sheeting-drum or cylinder-rollers, desiguatcid, from 
their resemblance to porcupine quills, * porcupine rollers these rollers having their 
toeth or quills set in row’s, and the rows of one roller gearing or taking into the sp.aces 
between the row s of tlie other. 



Pig. 2146 is an elevation of a sheeting-machine thus constructed ;—f f is the 
general frame-work upon which the several working parts of the machine are inouuted. 
A is the main or sheeting-drum or cylinder, wliich is studded w itb rows of comb or 
‘porcupine* teeth «, «, the length and fineness of which are varied accortling to 
t&e length of the staple of the wool or ether material to be operated upon. Instead of 
tbe rows consisting each of a single set of teeth, two, three, or more sets may be 
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combined together. The number of wires which may be placed on one line should 
vary with the quality of the wool or other material. In long-staple machines, the 
number may vary from four to ten or more, and in short-staple machines from five 
to twenty and more per inch, b, b, are two fluted feed-rollers ; c, c, two poicnpin# 
combi ng-rollers, by which the wool is partly combed while passing ^m the feed- 
rollers to the surface of the sheeting-drum ; an end elevation of the porcupine 
combing-rollers on an onlargetl scale is given at fy. 2147. The teeth c, c, are set in 
rows, and the rows of one roller take or gear into the spaces between the rows of the 
other. D is a grooved guide-roller for preventing the wool or other material escaping 
the combining action. The wool or other material is laid by the attendant evenly upon 
the upper surface of an endless web a, which works over the under feed-rollers, and 
a plani roller h, which is mounted in bearings on the front of the machine. The 
feed-rollers gradually supply the wool thus spread upon the endless web to the two 
porcupine combing-rollers, where it is partly combed and separated, and being so 
prepared, it is laid hold of by the teeth of the sheeting-drum, by which it is still 
further drawn out on account of the greater velocity with which the surface of the 
sheeting-drum travels. When a sufficient quantity of the wool or other material has 
been thus collected on the surface of the drum, it is removed by the attendant passing 
a hooked rod acro.ss the surface of the drum, and raising up one end of the sheet, 
when the whole may be easily stripped off and removed, being then in a fit state for 
being supplied to the comb-filling machine, next to be described. 
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is the sheeting drum as before ; n, u, the fluted feod-rollers ; c, c, the porcupine 
combing-rollers, \fhich gear into the fluted ones ; n, d, are the grooved guide-rollers ; 
F, F, are brush-cylinders, which may in the case of long -work be dispensed with ; a, o, 
are the endless webs upon which the wool is laid. The framing and gearing by 
which the several parts are put in motion are omitted in the drawings, for the purpose 
of clearly exhibiting the more imporhint working parts of the machine. The arrange- 
ment of sheeting machines just described, so far as regards the employment 
of a fluted feed-roller in conjunction with a porcupine combing-roller, and grooved 
guide-roller, is more especially applicable to sheeting fine short wool, but may also 
be applied with advantage to wool or other material of a longer staple. In the case 
of fine short wool, the sheet may be drawn olf by means of rollers, in the manner 
represented in Jiff. 2149. h, h, are the drawing or straightening rollers, and i the 
receiving roller. During the operation of drawing the wool and winding it on the 
receiving roller, the sheeting cylinder must have a motion imparted to it in the 
reverse Erection. 

The next head of Mr. Ross's specification embraces several improvements in comb- 
filling machines, which have for their common object the partial combing of the wool 
while it is in the course of being filled into the combs. Wo select for exemplification 
what the patentee regards as the best of these arrangements: Jiff. 2150 is a side 
elevation of a comb filling machine as thus improved, a, a, is a .skeleton drum, 
which is composed of two rings a a, affixed to the arms h, 5, which last are mountc'd 
upon the main shaft of the machine, which has its bearings upon tlie general fram 
F, F ; ii\ n- are the }>oreupine combing rollers, and c', c- brnshes l)y which the por 
cupine cHimbing rollers arc ch'ansod from the wool that collects upon them, and be 



which the wool is again delivered to the conibs c, r; d, o, are Uie I'ccd-rollcrs, and r 
an endless web which runs over the lower feed-roller and the plain roller c, which is 
situated at the front of the machine; ii, n, are the driving pullevs, by which the 
jfower is applied to the machintu and i, i, j, the M'hed gearing by which motion is 
communicated to the different parts. Tiie wool which has UTulcrgone the process of 
sheeting in the machine first described is spread upon the endless web i<:, and i:: 
passing between the feed-rollers, and between or under or over the porcupine combing 
rollers, is taken liold of by the combs c, c, us they revolve, and, being drawn unden* 
the first porcupine roller n’ and the brush c', the continued revolution of the drum 
and combs causes the w’ool to be brought into eonUict with tlie oilier porcupine 
combing roller b® and brush l''\ As the combs get filled, the wool is thus continuously 
being brought under Llie action of the porcupine ctanbiug rollers and brushes ; and 
each new portion of tlie wool taken up is instantly combed out. I'or soim; iiurjtoses 
the combing will be found carried so far by this operation that the w(mj1 will require 
no further preparation previous to being formed into slivers in the machine just 
described, and which is calculated for filling the combs and combing the wool or 
other fibrous material, when the staple is some considerable length (say from 4 to 10 
inches), there are two porcupine comb rollers with their brushes employed ; but the 
patentee did not confine himself to that number, as in some cases a single porcupine 
combing roller and brush will be found sufficient fur the purpose of faciliuting the 
l>roce«8 of combing and filling the combs ; three or more rollers and brush cylinders 
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may be used witli advantage ; such as where the staple is short, or where the fibrous 
material operated upon is very close, and separated with difficulty. 

Mr. Rosb next describes some improvements in the combing machine of his inven- 
tion patented in 1841, and now extensively used. The following general description 
will indicate with sufficient distinctness to those familiar with the machine, the nature 
of the improvements : — 

‘ First, I give to the saddle combs in the said machino a compound to-and-fro 
and up-and-down movement, whereby they recede from and advance towards the 
comb gates, and simultaneously therewith alternately rise and fall, so that each time 
the comb gates pass the saddle combs, they do so in a different plane, and thus the 
position of the combs in relation to each other, as well as to the hold they take of the 
wool or other material, is constantly being changed. Secondly, I employ a fan to 
lasli tho wool in the comb gate or Hying comb up against the saddle comb, which 
renders it impossible for the w’ool to pass by tho saddle comb without being acted 
upon by it. Thirdly, 1 atbicli the. springs by which the gates are actuated to tho 
lower arms of the combing gates, instead of their being placed parallel to tho upright 
shaft of tho machine as formerly, whereby a considerable gain in space and com- 
pfictness is effected ; and fourthly, I use breaks to prevent tho sudden jerk which is 
caused when tho w’ool in the comb gate leaves its liold of tho saddle comb or incline 
plane, and also to counteract the suddeu recoil of tho springs by which the comb 
gates are pressed in wlicn these springs are released from the grip or pressure of the 
incline plane.’ 

Mr. Koss concludes with a description of an improved method of heating the combs 
which has for its object ‘ the economising of fuel, the better heating of tho combs, and 
the prevention of mishikes in removing the combs before they have been a sufficient 
time exposed to the heat.’ 

The body of the boating box or stove is dindod by a partition into two portions, 
which communicate together at the back or further end of the stove, so that the flame 
and heated vapours, after having circulated under and along the sides of tho 
two lower comb chambers, ascend into the upper portion of the stove, w'hero they 
have to traverse along the sides .and over the top of the two upper chambers, 
ultimately escaping into tho chimney through a pipe. The length of the heating box, 
(R’ the chamher.s, sliould he about double the length of the combs. The coltl 
combs are inserted at one cud, and on being put into their places push the more 
heated combs tow'ards the other end of the chainbers, from which they are removed. 
Se(5 Alpaca ; Moiiaiu. 

Few of our manufactures luive been more stationary than that of woollen goods. 
Our ancestors appear to have given iniich attention to the weaving of woollen cloth, and 
to liave produced a fabric; of much excellence. All that tho moderns have done is to 
quicken the process of production by the application of steam-power to the machinery 
employed, and they have introduced, in consequence of this application, a few now 
and ingenious machines. The sox>histication of many woollen fabrios, especially 
carpets, with the flbre of jute, is destructive of one branch of our woollen manu- 
facture. 


Exfukts. 


British Mamifacturcs, 1873. 

lbs. 

Value 

£ 

Sheep and lambs’ W'ool, British . . . . . 

Other sorts, including foreign dressed in the United 

7.034,736 

620,848 

Kingdom, and flocks and ragwool .... 
Woollen and worsted yarn : 

4,677,983 

132,909 

Woollen (carded) 

696,704 

101,608 

Worsted (combed) 

34,047,803 

5,291,885 


Woollen and Worsted Manufactures. 


Broad cloths, coatings, duffels, &c., plain, all wool . 

Do. do. -wool with other materials 

Narrow cloths-, coatings, duffels, &c., plain, all wool . 
Do. do. wool mixed with other materials • 

Worsted stuffs, all wool . • • 

„ wool mixed with other material 

Blankets and blanketing 

Flannels . • • . . . * . ^ ‘ * 


lbs. 

12,960,423 
9,933,214 
6,316,365 
9,424,841 
22;751,816 
260,132,877 
6,202,382 
8, -244, 931 


Value 

£ 

3,093,736 

1,603,998' 

946,664 

1,056,252 

1,632,783 

12,744,699 

625,677 

466,187 
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WooUm and Worsted Manufactures (continued). 


Valiio 

£ 


Cai^ts, not being rugs 




lbs. 9,921,100 

1,597,383 

Woollen shawls .... 




No. 477,593 

179,672 

„ rugs, wrappers, &c. 




No. 496,498 

188,512 

„ hosiery .... 




. 

288,821 

„ small wares, &c. 





1,128,609 

„ yarn, ... 




. 

484,548 

Foreign and Colonial Produce. 

lbs. 

Value 

M, 

Wool 

Alpaca, vicuna, and llama 




136 

27 

Sheep and lambs’ . 




. 123,246.063 

8,889.898 

Other kinds and flocks . 




347,362 

17,902 

Woollen yarn 




34,777 

6.066 

„ for weaving 




31,664 

4.241 

„ unenumerated . 


, 



2,136 

Woollen manufactures ; — 

Cloths and stuffs (pieces) 

, 

, 


. 68,064 

223.096 

Unenumerated 

, 

• 

, 

85,753 


Imposts. 


Sheep or Lambs* Wool, 1873. 


From Russia, northern ports 





lbs. 

2,721,698 

Value 

& 

142,492 

„ „ southern ports 





8,446,966 

466,603 

„ Denmark .... 





2,110,361 

128.633 

„ Germany .... 





8,294,628 

665,784 

„ Holland .... 





646,097 

44,161 

„ Belgium .... 





1,694,761 

«2,97r 

„ France .... 





1.567,166 

110.622 

„ Portugal .... 





2,464,426 

141,258 

„ Italy 





262,432 

14,153 

„ Austrian Territories 





1,624,591 

75,825 

„ Turkey .... 





8,234,491 

388,347 

» Egypi- 





4,688,323 

211,048 

., Morocco .... 





816,965 

48.581 

United States of America 





3,605,387 

160,261 

„ Peru 





2,307,919 

1.30,463 

,, Chili 





588,266 

30,810 

„ Uruguay .... 





2,842,742 

117,784 

,, Argentine Republic 





10,733,762 

412,168 

„ Gibraltar .... 





928,880 

44,181 

„ British Possessions in South Africa 




42,067,187 

2,868,250 

„ British India : Bombay and Sciude 




19,363,268 

878,286 

„ Australia .... 

. 




186,664,946 

11,861,064 

„ British North America . 





299,384 

18.663 

„ Falkland Islands . 





246,828 

16,327 

„ Other countries • 

• 




626,391 

30,166 

Total. 


• 



313,496,742 

18,983,876 

Other kinds and wool floeks . 





lbs. 

712,121 

Value 

£ 

18,818 

Woollen yam for fancy purposes . 

. 

. 



326,259 

69,194 

1,496,463 

„ weaving . 


♦ 

, 

. 

13,169,662 

Uneuumerated .... 

, 

, 



... 

28,467 

Woollen manufaeturee : 

01oth and stuff (pieces) . 





346,408 

1,428,156 

Unenumerated • . , . 

• . 

• . 

■ 

. , 

. ... . 

. 2,418,606 
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Tahle skovring Quantity oj Wool conauTned in United Kingdom, 1868-71. 



1868 

1869 

1870 

isn 

Production of English wool 

Export of n 

lbs. 

lGr»,549,736 

0,806,180 

lbs. 

155,691,096 

11,686,238 

LLs 

149,516,679 

10,613,482 

lbs. 

144,986,712 

10,625,366 

Retained for home consumption . 

155,743,555 

143,904,858 

138,903,197 

134,360,346 

Imports retained for homo con- 
sumption : — 

Foreign and colonial . 

Alpaca and mohair 

130,714,423 

7,505,556 

164,323,794 

7,970,413 

145,968,091 

8,083,749 

196,814,906 

11,249,464 

Total 

1293,963,534 

i 

316,199,065 

292,955,037 

342,424,716 

Export of foreign and colonial 
wool for 12 months ending 
August 31 

94,301,347 

1 

110,106,168 

121,171,030 

117,478,482 


>rom the following Table some idea may be gathered as to the diflference in weight 
of English wool : — 


Production of British Wool in 1872. 


Coniitifis 

No. of sheep 
and laitibs 
ill 1871 

Weifjht per flet?cc 
in 1872 

Lbs. 

! Bedford, West and North Ridings, York. 

1,508,226 

lbs 

9,803,469 

1 Berkshire, Bucks, Cambridge . 

822,109 

6J 

4J 

5,138,181 

' Chester, Essex, Monmouth 

628,776 

2,986,686 

Cornwall, Huntingdon, Kent, Northamp- 
ton, Leicester 

2,339,008 

7 


16,373,056 

Cumberland, Dorset, Norfolk, Salop, 
Westmon-land 

2,453,951 


13,496,730 

Devon, Gloucester, Nottingham 

1,509,649 

7h 

11,322,367 

Durham, Rutland 

283,734 

51 

1,489,604 

Hants, Hereford, Hertford, Lancaster, 
Oxford, SUiiford 

1,931,701 

6 


11,590,206 

Derby, Warwick, Worcester . 

793,581 

55 


4,563,091 

3,857,200 

East Riding, York 

482,150 

8 


Lincoln 

1,488,827 

8J 

13,027,236 

Middlesex, Suffolk 

460,001 

5 


‘2,300,005 

Northumberland , ' . 

853,172 



5,758,911 

Somerset ' 

639,215 

7i 


4,634,309 

Surrey, Sussex, Wilts, Isle of Man, 
Channel Islands 

1,391,517 

44 


5,913,947 

Wales 

2,706,415 

4j 


12,855.471 

Scotland 

6,882,747 

5j 


86,184,422 

Ireland 

4,228,721 



26,429,506 

Deduction for slaughter between 1871 
and 1872 

31,403,500 

10,650,577 

3i 

187,674,397 

31,051,731 

- 

Net clip of wool, 1872 , 

• t 

156,722,606 


There is some variation every year in the weight per fleece, according to the season. 
Probably the clip of 1872 is slightly above the average in weight though not in number. 
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Imports of Foreign and Colonial Slierp and Lamhd Wool, Alpaca, 


(000*8 omitted). 














cf 

S *0 


Years 

Total 

quantities 

Australia 
nud New 
Zealand 

Cape and 
Natal 

Spain 

□ 

03 

I 

c 

ce 

1 

s 

« 

Other 

European 

countries 

River 

I’Jate 

United 

States 

e 

Otlier 

parts 

Alpaca, 11a 
vicnfla, an 
goats’ woo 

Years 

1 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lt«. 

lbs. 

lbs. 

ll>s. 

lb.s. 

lbs. 


179C 

3,484 



3,339 

14 


81 




50 


1796 

1800 

8,608 



6,063 

421 


1.925 




197 


1800 

1801 

7,361 



5,395 

196 

*31 

1.181 




558 


1801 

1800 

6,757 



6,444 

715 

8 

400 

:: !' :: 


191 


1806 

|l8ll 

4,730 



2,581 

30 


2.014 

• . 

104 


1811 

1812 

6,979 



1,666 



5,245 


3.5 

.. 

.33 

-O 

1812 

d814 

16,479 

33 


6,723 

3..5S1 

687 

4,413 



.. 

42 


1814 

1815 

13.634 

73 

23 

6,9.30 

3.243 

298 

3.013 

41 

•) 


4 

r- S 

1815 

1816 

7,516 

14 

10 

2.959 

2,833 

229 

1.211 

206 

4.3 


12 


1816 

1817 

14,o:.l 


12 

6.282 

4.924 

14 

2.(.*28 

23 

1-19 

1 

20 


18J7 

1818 

24.718 

87 

14 

8,761 

8,674 

772 

5,838 

300 

269 

2 

1 


1818j 

1819 

13,7.36 

71 

IS 

4,999 

4.163 

459 

3,111 

876 

21 


16 


1820 

9,776 

99 

14 

3,536 

5.221 

76 

732 

69 

1 

8 

20 

'"V 

1820 

1821 

16.622 

175 

12 

6.969 

8.6‘15 

67 

712 

8 


18 

15 

Si ^ 

1821 

1824 

1824 

22.564 

.383 

25 

5.021 

15.433 

261 

1,429 

o 

1 

7 

2 

S, 

1825 

4.3 ,8 17 

.324 

28 

S.2(»6 128.931 

1 .992 

3.910 

331 

80 


15 


1825 

1820 

15,989 

i.Kx; 

4 

1,619 ilO,,599 

697 j 

1,307 

205 

,5 

128 

318 


1826 

1831 

31.652 

2.493 

48 

3.475 

23.0-16 

264 1 

2.294 

13,250 

12 

16 


4 

0 ^ 

S 

1831 

1836 

64.240 

4.997 

332 

2.818 

32,028 

5.415 

1.073 

6:13 

1.086 i 

2,007 

18:46 

1841 

56,180 

12.3!*9 

1 ,080 

1,088 '21,124 

4.132 

3.5<;2 

.5,106 

59 

:;,o()9 1 

4,621 

CJ 

1841, 

1844 

65,070 

1 7,602 

2.197 

919 

22.119 

5,402 

8.4-17 

2.1 -Ml 

29 

2.766 

3,410 

1844! 

:184.V 

75,552 

24,177 

3.513 

1.074 18,681 

8.709 

8.686 

2,934 

835 

:’.,it75 

2.966 

< 184.5 

;lR4(i 

65.255 

21,789 

2.958 

1,020 ; 16.233 

4,766 

6,624 

314 

901 

4. .571 

6.077 

^ 11846! 

1851, 

83,311 

41,810 

5.817 

383 

8.261 

5.896 

8,323 

85:; 

591 

4,550 

6,820 

iI851i 

1856 119,124 

52.052 

14.305 

55 

8,f>40 

2,562 

11.378 i 

2.568 


1 5,386 

6.289 I 

5.887 

18,56: 

;i8.’57il33,(Mi,'i 

49,210 i 

14,288 

397 

5.965 

10,308 

13,060 1 

3.768 

3.782 

19.371 

7,251 1 

5,614 

1S.57| 

'1858 130,529 

51,105 j 

16.598 

in 111,009 

6,fKl7 

10,188 : 

5.235 

952 

I7.:i:i4 i 

4.S'7:: i 

6,478 

1 8.5^j 

|1859 135,786 

53,700 

14.269 j 

154 

12.411 

10.978 

16,577 : 

3.485 


] 4,363 { 

f5.S45 ; 

5,003 

1S5!)| 

1800 151,218 

59.166 

16,574 

1,000 

631 

9.954 

8.730 

18.551 

2,875 

1,091 

20.214 ' 

i 7.:: 15 ' 

5,716 

1K6(»' 

jl86M50,058 

68,506 I 

18,676 

3.351 

12.619 

8,145 

5.625 1.096 

19.161 

' 6,257 

6.441 

ls61 

1862 175,991 
[1863 180,812 

71.339 ; 

18,931 i 

39«; 

8.717 ; 18,1 87 

17,209 ' 

6.0.50 

192 

17.9.5!> 

9.8.57 : 

7.154 

1 S62 

77,173 i 

20,167 

256 

8,801 

13,483 

12.89:: 

1(»,4.‘.7 

678 

,20.670 

9.397 

6.s;i7 

isc:; 

! 1864:21 1,210 

99,037 1 

19.881 ! 

712 

9.628 

15.400 

17.609 

1 

891 

,20,42.5 

S.'.iJl 1 

7,401 

ls(;4 

1 865121 7,609 

109,734 ; 

29,220 

116 

7,138 

15.0.50 

13,420 

lo.;;s3 

45 

17.105 

7.202 

8.196 

ls(;,5 

il866!243,751 ill 3.773 '29.249 

123 

11.402 

16.908 

15.160 

11,747 

1 ,256 

25,680 

115,235 

1 IO .443 

S.OKI 

1866 

:1867i286.3.';i 

133,108 1.36.127 

41*4 

4,185 

8.065 

1 9,317 , 

11.084 

656 

ill, 9.53 

6,127 

1867 

1968 259,811 

155,745 !;55,.094 

663 

5,812 

8.273 

8,(»59 

8.368 

827 

! 17,602 

! 9,586 

8,882 

1868 

11869 262,847 1158,478 j 

34,308 

274 

7„30.9 

7.423 

110,368 . 

1 

8,027 

59 

18,797 

d 0,1 20 

7.786 

1869 


Tiie final OOO’fj are omitted in thi;-: table, and must Lo added to tlic sums tdven : thus, the total 
quantity of wool, 6:c., imported in 1809 was 202,847,000 lbs. 


Imports (>f Wool in l&T*!. 



Lbfi. 

Value 

Sheep and lambs' 

338,800,481 

£ 

20,489,055 

Alpaca, vicuna, and Ibima 

4,186,081 

557,586 

Goats' hair or wool 

8,013,706 

1,046,178 

Woollen yam 

13,114,130 

1,492,715 

•» rags 

.07,361,920 

547,279 

Woollen Manufacture : 

Of goats* wool, mixed or not with other materials 

! 

48,404 

Of wool other than goats’, or of wool mixed with cotton, 

1 Pieces 


cloth, and stuffit 

205,222 

i 

1,033,581 

Unennmemted. 

2,940,684 
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Erports of Wool in 1874. 



, Yards 

Lbs. 

Value 

Sheep or lambs’ 

Woollen and worsted yarn .... 

1,047,333 

34,999,602 

& 

918,878 

8,588,963 

Woollm and Worsted Manufctcturcs : 

Woollen cloths, &c 

AVorsted stuffs, &c., all wool .... 

„ wool mixed with other materials 

Blanketing 

I'lannels 

Carpets, not being rugs 

Hosiery of wool, &c 

Small wares 

40,177,001 

22,720,919 

238,438,689 

7,225,102 

8,764,697 

9,133,604 

37.983,903 

8,822,948 

55,065,952 

8,701,200 

3,044,017 

15,066,473 

3,499,409 

1,474,628 

10,412,866 

850,390 

484,464 

1,474,831 

280,777 

1,183,669 

Total of woolh'n and worsted manufiictures ^ 



22,794,977 


WOOTZ, is the Indian name for Steel. The Indian wootz is prepared in very 
rude furnaces, in ;i most primitive manner, from haematite and magnetic iron ore ; 
charcoal being the fuel employed. See Steel. 

WORMWOOB {Artemesia Ahsinthia). An intensely bitter herb, used medici- 
nally ; and it is said to be sometimes employed as a substitute for hops, in brewing 
inferior kinds of beer. 

WO&STZD. Yarns made of long wool drawn out into long filaments by passing 
it, when oiled, through heated combs, as described under Woollen Ma.n it facto rk. 
Numerous machines have been introduced for combing wool, and may now be said to 
have entirely superseded the old fashion of hand-combing. 


X 


XAMTBZXirS, the name given by Kuhlmann to tlio yelloiy dyeing-matter of 
madder. See MAnnER. The name has also been applied to an animal product. 

V A ^ - Several species of this genus of Lilincca; are known in 
Australia as ‘ grass trees.’ They yield ‘ Botany-Bay resin ’ and ‘ Black-lwy gum.’ 

XYBOXBZirB — Nitramidine. By acting on starch with funiing nitric acid, a 
transparent jolly is formed, and on adding water, xyloidine is precipitated as a white 

granular substance. • i. u 

This name has been given to some preparations of collodion which have been pre- 
pared by acting on some variety of woody fibre with nitric acid, until it became sus- 
ceptible of solution in sulphuric ether. Many photographers are of opinion that 
collodion thus prepared is in many respects superior to that obtained by dissolving 
gun-cotton in ether. Our own experience does not enable us to pronouns on this, 
l)ut wo have heard some very intelligent operators express a verj" opposite opinion. 
Chemically the collodions will be the same, but it is possible that there may bo a 
physical difference, and few, except those who have had much experience in the 
changes produced by light on chemical compounds, can form any corr^t idea of the 
differences in actinic power of producing change in bodies physically dmerent, though 
chemically the same. Xyloidine, or rather sawdust treated with a mixture of nitoc 
acid and sulphuric acid, until rendered explosive, has been proposed for use in blasting 
rocks. Another modified form of the same kind ol blasting powder has been made 
by saturating deal sawdust wdth nitrate of potash, and then mixing the preparation 
with some sulphur and yellow prussiate of potash. Neither of these explosive powders 
has, however, come into use. They .are dangerous, as being liable to spontaneous 
combustion. See Collodion ; Gun-Co'iton. ^ *1 i • v 

A hydrocarbon found in coal-naphtha and in the oils which separate 
wdien crude wood-spirit is mixed with water. 

VoL. III. 4 G 
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YAMM. {Fil, Pr. ; Gam. (?or.) Wool, cotton, or flux, spun into thread. 

TMAAT. See Beer, and Fermentation. 

TMLBTv AftTXFXCXAXi. Mix 2 part s by \rcight of line flour of pain barlny-mal f , 
■rrith 1 part of ■vrheat-flour ; stir 60 lbs. of this mixture gradually into 100 quarts 
of cold water, with a wooden spatula, till it forms a smooth pap. Put this pap inlo 
a copper over a slow fire : stir it well till the temperature rise to fully 166*^ to 160*^ 
Fahr., when a partial formation of sugar will take place, but. this swortouing must not 
be pushed too far ; turn out the thinned paste into a flat cooler, and stir it. from tinn; 
to time. As soon as the wort has fallen to 69*^ Fahr.. transfer it to a. tub, and add for 
every 60 quarts of it 1 quart of good fresh beer yeasi, which will t hrow the wort, 
into brisk fermonfcition in the course of 12 hours. This preparation will bo good 
yeast, fit for bakers’ and brewers’ uses, and will continue fresh and active for thrc(! 
days. It should be occasionally stirred. 

The German yeast imported into t.his country in largo quantities, and employed hy 
our bakers in baking cakes, and other ianeif bread, is made by putting tlie J'nfrrh' fr. 
(see Peku, Bavarian) into thiek s.iek.*^ of linen or lieinpeu yarn, letting the liquid 
part, or beer, drain away; j'lacing the drained sacks between boards, and exposing 
them to a gradually increasing ]»ressurc, till a mass of a thin clie.i'sy eoiisistcncy is 
obtained. This cake is broken into small pieces, which .are wrajipod in sejtiiratc liin M 
cloths ; tliesc parc(ds being afterwards enclosed in waxed clotli, for exportation. ’I’ln' 
yoast-cake may also be rammed hard into a pitched cask, which is to he closed air- 
tight. In this state, if kept cool, it may he preserved active for a. eonsiderablo time. 
AVhen this is tribe used for beer, the proportion requin'd should lie mixed with a 
quantity of wori^; at 00® I’ahr., and the mixture left for a little to work, and send up 
a lively froth ; when it is quite ready for adding to the coohjd worts in the fermenting 
IjJick. 

’nSAST, PATSISTT. Boil 0 ounces of hops in 3 gallons of water 3 hours ; strain 
it off, and let it stand 10 minutes ; then add half a pock of ground malt, stir it well up 
and cover it over; return t.lie hops, and put the same quantity of water to tin m again, 
boiling them the same tinn* as before, straining it off to the first mash ; stir it iiji, and 
let it remain -i liours, tlnn strain it off, and set it to work at. 90°, witli 3 pints of 
}*aU'nt yeast ; let it stand about 20 hours ; lak»'the. scum the t(»]n and strain it 
through a hair-sicvi* ; it will be then lit for use. One pint is suflicient to make a 
bushel of bread. 


Dried Yeast Imported in 1873. 

Viiliio 

From Germany 

28.980 

i'79, 6fj9 

., Holland . 

. 1M.416 

281.469 

., Belgium . 

4.711 

13.182 

,, Other countries 

10 

27 

Total . 

. 147,226 

374,347 


Dried yeast Imporlcd in 1874 : 163,8(»8 cuts.; A'alue 390,007/. 

TB&&OW COPPXm ORS. See Copukh Pyrites. 

TSOUbiDW RTSS. {Teinturcs javne.'^, Vr. •, Gdlfarho). Gct.) Aiinuiio. 0)1 v 
broom {Genista tincioria). fmtw, fusict, Persian or Frvrah berries, (jui rrifroa hark', 
savf-wort, {Serratula twetoria), turmeric, weld, and v^iilov'-l caves, are tbe ]»*incipal 
yellow dyes of the vegetable kingdom ; chromate of had, iron vo'idr, nitric acid (for 
silk), sutphide of antimony, and sidphidc of arsenic, are tliose of tin; mineral kingdom. 
Under these articles, as also under Calico-Printincj, DvKf.vo, atid Mordants, ain[)]o 
instructions will be found for communicating this coI(»ur to t extile and other liijrous 
substances. Alumina and oxide of tin are the most approved bases of the above vege- 
table dyes. A nankin dye may be given with hahlah, espt;ciully to cotton oiled prepa- 
ratory to the Turkey-red prwess. »Seo Madder. 

TMiXiOW, MXXWB, is a poisonous yellow pigment. Sec Arsenic and Orpiment. 

TVUCiOW YOnJkXu See Muntz’s Metal. 

YWW, Taxus baccata, the common yew, yields ii durable timber, and was the 
fa vourite w ood for the old long-bows. 

TmXJL is a rare earth, extracted from the minerals gadolinite and yttrotantalite. 

It is an oiide of the metal yitfium. 
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ZAFFUSa Soe Co halt. 

ZXiA. Indian com or maizo is obtained from an American grass, the mays. 
It is now largely cultivated in tJie East Indies and in Northern Africa, and is grown 
to some extent in the south of Europe. ‘Popped corn’ is prepared j)y heating the 
grains on a hot metnl phite, when they open and expose their starchy contents ; sweet- 
ened and coloured, they form a sweetmeat known as * cornhall.’ 

ZEDOART. {Zkloairc.Vv.\ ZUiincr, (\q,v.) The root of a cuciirhitacoous plant 
imported from ( 'oylon, Malabar, and Cochin-China, employed sometimes modiciiialiy. 
It occurs in wrinkled pieces, externallyash-coloured, internally brownish-red ; possessed 
of a fragrant odour, and of a pungent, arom.atic, bitteri.sh t;isi i'. 

ZEOXiZTES. A group of minerals consisting of h3-drons silicates of alumina and 
other bases. They gelatinise with acids, and intuinesce when heated, whence their 
name (C^'w, r-co, to boil). They arc found in the cavitif's of amygdaloi'dal rocks, and a 
few also occur in mine ral reins. None of tliem is of any uso in the arts. 

ZIWC [Atornir. vriyhf, o'i-o ; sywhol, Zn) is a, mot.il of a bluish -white colour, of 
considerahlc lustre when broken, but easily tarnished by the air; its fracture is hackly, 
and foli.ited witli small facets, iiTegiilarly set. It has little cohesion, and breaks in 
thin ]tlatcs before the hammer, unless it has beim previously subjected to a process of 
lamination, .at tlio temperatun^ of from 220° lo 1100° balir., by which it becomes 
iiifillcablo atid ductile. On tills .singular property a patent was liikcn out by Alessrs. 
ITobson and Sylvester, of Sheffield, raanj’^ years ago, for manufacturing sheet zinc for 
(Mivering the roofs of houses, and sheathing ships ; but the low price of copper at that 
tiuH', and its superior tenacity, rendered their patent, ineffective. The specific gravity 
of zinc varies from G*9 to 7'2, according to tin; degree of condensation to which it has 
been subjected. It melts under a. red heat, at 773° Fahr. When strongly heated 
with contact of air, the metal takes fire, and Inirns with a brilliant bluish-white light, 
while a few fiocculi of a M’oolly-looking white matter rise out of the cru- 

cible aii:l float in tlu' air. The result of this combustion is .a wliitc powder, formerly 
called ‘ flowers,’ but now oxid(? of zinc. 

The principal ores of zinc are, the sulphide called Umdr, tlio carbonate called cafa- 
mlnc,, and the silicates of zinc, 

1. crystallises in rhombic dodecahedrons ; its fracture is highly eonchoidal; 
lustre, adamantine; colours, black, brown, red, yellow, and green; transparent or 
translucent ; spec. grav. 4. It is a simple sulphide of the metal (ZnS) ; and, therefore, 
consist s in its pure state, of 32‘5 of zinc and 16 of sulphur. It dissolves in nitric acid, 
with disengagement of sulphurette I hydrogen gas. It occurs in beds and veins, nc- 
coniiwinied chiefly hy galena, iron pyrites, copi)er pyrites, and heavy spar. Tlnu’e is 
a radiated variety found .at Przibram, rem.arkable for containing a largo proportion of 
cadmium. Jllcnde is found in great, quantities in Derbyshire and Cuml:>eriand, as also 
ill Coniwaall and many other localities. It is frequently termed ‘ black jack.’ 

2. Calamine is a inim.-ral occurring usually in concretionary forms and compact 
niass('s, yellowish-wiiite when pure, but frequently brown through the presence of iron, 
it crystallises in rJioniliohedra, and lias a, spec. grav. of about 4’4. It is a. normal 
c.irbonate of zinc (Znt ).( -O-- ZnCO^) containing, when pure, about 62 per cent, of 
zinc. It is an abundant oro in Derbyshire, Cumberland, Belgium, Sardinia, Silesia, 

The carbonate is termed by some writers Smithsonito, a name applied by others 
to the hydrous silicate. See Calamine. 

3. Smithsonilc or Electric calamine is an ore occurring in compact masses, and in 
mammillatecl, botryoidal, and fibrous forms. It is found in Carinthia, Hungary. 
Belgium, New Jersey, &c. It is a. liydroius silicate, containing 2ZnO.SiO- + HO 
(Zn“S10^ + H^O). Many writers term this ore calamine. 

4. Willcmife. An anhydrous silicate of zinc, containing 2ZnO.SiO' (Zn^SlO^). It 
is found at A^ieille Montagne, near Aix-la-Chapelle, and at Franklin and Stirling, in 
New Jersey. 

6. '/Amite, Spartalitc, or Red cine ore occurs at Mine Hill and Sterling Hill in New 
Jersey, where it is associated with fr.uiklinite. It is an oxide of zinc (ZnO) containing 
alittle oxide of manganese. An artificial oxide of zinc is sometimes found crystallised 
among blast-furnace products. 

The zinc ores of England, like those of France, P-clgium, and Silesia, occur in two 
geolo^cal positions. The first is in tiic carboniferous or mountain limestone. The 
blende and the calamine most usually accompany the veins of galena which traverse 
that limestone ; though there are many lead mines that yield no calamine ; and, on th^ 
Other Imnd, tliere arc veins of calamino alone, as at Matlock. 

4o2 
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In almost every part of England ■where metalliferous limestone appears, there are 
explorations for lead and zinc ores. The neighbourhood of Alst-on-moor, in Cum- 
berland, of Castleton and Matlock, in Derbyshire, and tho small metalliferous belt 
of Flintshire, are peculiarly marked for their mineral riches. On tho north side 
of the last county, calamine is worked in a rich mine of galena at Holywell, whore it 
presents the singular appearance of occurring only in the ramifications that the lead- 
vein makes from east to west, and never in those from north to south ; while the 
blende, abundantly present in this mine, is found indifferently in all directions. 

The second locality of calamine is in the magnesian limestone formation. The 
calamine is disseminated through it in small contemporaneous veins, which, running 
in all directions, form tho appearance of a network. These veins have commonly a 
thickness of only a few inches ; but in certain cases they extend to 4 feet, in conse- 
quence of the union of several small ones into a .single mass. There were formerly 
explorations for calamine in the magnesian limestone, situated chiefly on tho flanks of 
the Mendip Hills, a chain which extends in tho north-west and south-east direction, 
from the Canal of Bristol f o Frome. Calamine was chiefly worked in the parishes of 
Phipham and Jloborough, as also near Bickford and Broadfiold-Doron, by means of a 
groat number of small shafts. The miners paid for the privilege of working a t^ix of 
1^. sterling per annum, to the Lords of tho Treasury ; and they sold tho ores, mixed 
Avith a considerable quantity of carbonate of lime, at Phipham, after washing it 
slightly in a sieve. Very little is at present worked in this district. Calamine is 
now largely imported into this country from Spain and the United States of America. 

Metaxltibgy of Zinc. 

Boasting of Ores. — Blende, or sulphide of zinc is, previous to its treatment for 
metal, carefully roasted in a reverberatory furnace, over the bottom of which it is 
spread in a layer of almut 4 inches in thickness. A strong heat is necessiiry for this 
purpose, and during tlio operation tho charge is frequently stirred with a strong iron 
rake, with a view of exposing fresh surfaces to the gases of the furnace. The appa- 
ratus most commonly employed in this country for roasting sulphide of zinc consists 
of a reverberatory furnace about 36 feet in length and 0 feet in width, provided with 
a fireplace of tho usual construction. The sole or hearth of this ap]-);iratus is divided 
into three distinct beds, of which that nearest tho fire-bridge is 4 inches lower than 
tliat which is next it, which is again 4 inches lower than that nearest the chimney. 
In addition to the beat derived from tho fireplace, the gases escaping from the re- 
ducing furnaces are usually introduced immediately before the bridge, and a considcjr- 
able economy of fuel is thereby effected. 

When the furnace has been sufficiently heated, a charge of 1 2 cwts. of raw blende 
is introduced into the diAusion nearest tho chimney, and equally spread over the 
bottom, care ])eing taken to stir it from time to time by moans of an iron rake, as 
before described. After the expiration of about eight hours this charge is worked on 
to the floor of the compartment forming the middle of tlie furnace, and a new 
charge is introduced into tho diA’ision next tho chimney. About eight hours after 
thi.s charging the ore on the middle bed is worked on to the first, Av’hilst that on the 
hefirth next the chimney is equally s])read on the niiddltj one aud a ucaa' charge intro- 
duced into the division next the stiick. After the expiration of another period of 
eight hours the charge on the first hearth is drawn, the ore on the middle and third 
hearths moved forward, and a fourth cliarge introduced as ]>efore. In this way the 
operation is continuous, and each furnace will effect tho calcination of a]»oiit 36 cwts. 
of ordinary blende in the course of 24 hours. 

Calamine is usually prepared for smelting by calcination in a furnace resembling 
an ordinary lime-kiln, tho heat }>eing often supplied by means of four fireplaces 
arranged externally, and so placed that the heated gases may be drawn into it, and 
regularly distributed through the interstices existing between the masses of ore. Cala- 
mine subjected to this treatment commonly loses about one-third of its Aveight, and is 
at the same time rendered so friable as easily to admit of being reduced to fine powder 
by an ordinary edge-mill. 

Belgian Process . — When this method of treating zinc ore is employed, the furnace 
represented in^. 2151 is commonly used. 

Fig. 2161 represents, on the left hand, a front elevation of the furnace, and on 
the right a sectional elevation through the ash-pit and fireplaces f is tho fireplace, 
whilst A is the cairity into which are introduced the retorts destined for the- distillation 
of tho metal. The products of combu.stion escape by the openings (j into a flue, by 
which they are conducted into the calciner for the purpose of ecionomising tlie waste 
heat. These furnaces are either arranged in couples, back to back, or in groups of 
four, for the purpose of rendering the structure more solid, and economising heat. 
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In the arched chamber a are placed 48 cylindrical retorts, 3 feet 6 inches in 
length from h to d, and 7 inches internal diameter. These are made of refractory 
fire clay, well baked and supported behind by ledges of masonry a, b, fig» 2162, 
whilst in front, at c d, they rest on fire-clay saddles let into an iron framing. Short 
conical fire-clay pipes, 10 inches in length from d tjo c, are fixed in the mouths of 
these retorts by means of moistened clay, and project for a short distance beyond 
the mouth of the furnace. To these are adapted thin wrought-iron cones 18 inches 
in length from e to/, tapering off to the smaller extremity to an orifice of about three 
quarters of an inch in diameter. The inclined position of the retorts, the method 
of adjusting the pipes, and the general arrangement of the apparatus are shown in 
2i62, in which r, r, r, r, represent the nozzles of thin wrought iron. When a new 



furnace is first lighted the retorts are introduced without being previously baked, but 
care must be taken that they be perfectly dry and seasoned, and for this reason it 
is necessary to keep a large stock constantly on hand, in a storehouse artificially 
heated by means of some of the fines of the establishment. The heat is gradually 
increased during three or four d.iys, at the end of which period charges of ore are 
introduced, the clay cones are luted in their places, and the furnace is brought into full 
working Order. The charge of a furnace consists of 1,680 lbs. of roasted blende, or 
calcined calamine, and 840 lbs. of coal-dust. The ore and coal-dust, after being finely 
divided and intimately mixtKl, is slightly damped and subsequtuitly introduced into the 
retorts by meiins of a serai-cylindrical scoop, by the aid of which an experienced 'work- 
man will effect the charging without spilling the smallest quantity of the mixture. 

In this country the retorts in tlie lower tier iiro usually not charged, as they are 
extremely liable to be broken, and are therefore only employed to moderate the heat 
of the furnace. On the Continent, however, the fireplace is frequently covered by a 
hollow arch, and in that case every retort requires a charge of ore. 

The mixture introduced into the r(!torts varies, to .a cerUiin extent, with their 
• position in the furnace, for in spite of every precaution to prevent inequality of 
temperature, it is foiiud impossible to heat the whole of them alike, and those next 
the fire, therefore, from being the most strongly heated, are liable to work off first. 
As soon as tlio retorts have been charged the clay cones are luted into their places, 
and carbonic oxide gas, which burns with a blue flame at the mouth of the cones, 
quickly makes its appearance. The quantity of this gas gradually diminishes, and as 
soon as the flame assumes a greenish-white hue, and white fumes are observed to be 
evolved, the sheet-iron cones are put on, and the furnace at once enters into steady 
action. From time to time, as the iron cones become choked with oxide, they are 
taken off and gently tapped against some hard substance, so as to remove it, and 
then replaced. The oxide thus collectted is added to the mixture prepared for 
the next charge. After the expiration of about six hours from the time of charging 
the wrought-iron tubes are successively removed, and the metallic zinc scraped from 
the clay-pipes into Jtn iron ladle. This, when full, is skimmed, and the oxide added 
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to that obtained from the nozzles, whilst the pure metal is cast into ingots, weighing 
about 28 lbs. each. At the expiration of twelve hours from the time of charging, the zinc 
is again tapped, and the residue remaining in the retorts withdrawn. The retorts are 
immediately recharged, and the operation of reduction is conducted as above described. 

The residues obtained from the retorts, after t he first working, are passed through 
a crushing-mill, mixed with a further quantity of small coal, and again treated for the 
metal they contain. The earthen adapters or cones, wlien unfit for further service, 
are crushed and t:*eated as zinc ores. 

In order to work these furnaces with economy, it is of the greatest importance that 
they should bo constantly supplied with a full number of retorts, since the amount of 
fuel consumed, and the general expenses incurred for each furnace, will be the same if 
the apparatus has its full complements of retorts, or if one half of them are broken 
and consequently disabled. 

It is therefore necessary, in all zinc-smelting establishments, to keep a large stock 
of well-seasoned retorts, which, before being introduced into the furnace, to make good 
any deficiency caused b}’’ breakage, are heated to full redness in a kiln provided for 
that purpose. The Rolgian process of zinc smelting is that which is at present most 
employed in this country. The principal localities in which zinc ores are treated arc 
Swansea, Wigan, Llanelly, and Wrexham. 




Silesian Process . — In the zinc works of Silesia the furnaces employed differ con- 
siderably from those used in the Belgian process. 

Fig. 2153, represents an elevation, and fig. 2154, a vertical section of the Silesian 
furnace. The distillation is effected in a sort of muffle of baked clay, m, figs. 2155 



and 2156 ; these are each about 3 feet 3 inches in 
length, and 20 inches in height. TIio front of this 
muffle is pierced with two apertures. The lower open- 
ing, d, serves to remove the residues remaining in the 
retorts after each operation, and is closed during the 
process of distillation by a small door of baked clay, 
firmly luted in its place. In the upper opening is 


2156 


introduced a hollow clay arm, bent at right angles, 
a, 5, c, and which remains open at c. An opening at 


b, permits of charging the retort by means of a proper 
■IB scoop, and this, during the operation, is clos^ by a 
M I luted clay-plug. From six to ten of these muffles or 

1 ( /• retorts are arranged in rows, on either side of a fur- 

nace provided with suitable apertures for their intro- 
duction. They are securely luted in their places, and the openings closed by sheet- 
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iron doors, by which the loo rapid cooling of the pipe a, o, is prevented. The fuel 
employed is coal, which is burnt on the grate g, situated in the centre of the furnace. 
The retorts are charged with a mixture of calamine and small coal, or more frequently 
coke-dust, since, when coal is employed, the products of distillation are found to be 
liable to choke the pipe b, c. 

The zinc escapes by the opening c, of the adaptor, and is received into the cavities 
o, of the furnace. 

The furnace idiown in Jigs, 2167» 2158, 2159, is for remelting the metallic zinc. 

Fig, 2157, is a. front view ; Jig. 2158, is a trans- 
verse section ; Jig. 2159, a view from above; a, is 
the fire-door; b, the grate ; c, the fire-bridge ; d, 
the flue ; c, the chimney ; /, /, /, cast-iron melting- 
pots, which contain each about 10 cwts. of metal. 
The heat is moderated by the successive addition 
of pieces of cold zinc. The inside of the pots 
is sometimes coated with loam, to prevent the iron 
being attacked by the zinc. 

In some establishments, and particularly those 



2160 



at Stolberg in Prussia, the retorts have the form represented by i^Jig. 2160, c is an 
adapter also of fire-clay ; n a cone of wrought iron, and a a small vessel of thcj same 
material for the collection of the oxide, and furnished in the bottom wildi an aperture 
for the escape of the gases generated. 



These are arranged on either side of a grate as represented, ^g. 2161 ; an internal 
opening serving for two retorts, and of which there are usually twelve in each 
furnace, e i.s the fire-door ; f grate ; g chamber in masonry of furnace ; h dia- 
phragm of fire-brick supporting adapter, in the depressed part of which the metallic 
zinc is collected and subsequently removed by a scniper, as in the case of tho 
cone of the Belgian retort. The wrought-iron vessel A, is supported by a chain or 
wire J. 

Fig. 2162 represents a longitudinal elevation of the roasting furnace employed. 



were sometimes quadrangular, sometimes round; the latter form being preferable. 
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They were mounted with from 6 to 8 crucibles or pots {fiffs. 2163, 2164), arched over 
with a cupola a, placed under a conical chimney Ik which served to give a strong 
draught, and to carry off the smoke. In this cone there were as many doors, c, c, <?, 
as there were pots in the furnace ; and an equal number of vents d, d, d, in the 

cupola, through which the smoke might 
escape, and the pots be set. In the 
surrounding w'all tliere were holes for 
taking out the pots when they becamo 
unserviceable ; after the ]x>ts were set, 
these holes wore bricked up. The pots 
were heated to ignition in a reverbera- 
tory furnace before being set, and wore 
put in by means of iron tongs supported 
upon two wheels, as is the case with 
glass-house pots. In fya. 2163, 2164, e, 
is the grate ; /, the door for fuel ; tho 
ash-pit. The pots, A, ?i, h, have a hole 
in the centre of their bottom, which is 
closed witli a wooden plug, when they 
are sot charged with calamine, mixed 
with coal; which coal prevents tho 
mixture from falling through the orifice, 
when the heat rises and consumes tho 
plug. The solo of the hearth ?, upon 
which the crucibles stand, is perforated 
under each of them, so that they can bo 
reached from below ; to the bottom 
orifice of tho pots, when the distillation 
begins, a long sheet-iron pipe, is 
joined, which dips at its end into a vessel, Z, for receiving in drops the condensed 
vapours of the zinc. The pot is charged from above, through an orifice in the lid, 
which is left open after the firing until the bluish colour of tho flames indicates tho 
volatilisation of the metal, immediately whereupon the whole is covered witli a fire- 
tile, m. The iron tubes are liable to become obstructed during the distillation, and 
must therefore be occasionally cleared by means of an iron bar. When the operation 
is terminated the pipes must bo removed, and the carbonficeous and other residu.'il 
matters extracted from the pots. In this fi^re, 1, 2, is the level of tho upper floor ; 
3, 4, level of the lower ceiling of the lower floor. Fig. 2164 is a ground plan on 
the level of 1, 2 ; only one half being here shown. — J. A. P. 

The general consumption of Spelter throughout the world is about 67,000 tons per 
annum ; of which about 44,000 tons are made to take the shape of rolled sheets, and 
these are estimated to be applied as follows, each quantity being somewhat below tho 
truth : — 

Tons. 



Roofing and architectural purposes 

23,000 

Ship-sheathing 

3,500 

Lining packing-cases .... 

2.500 

Domestic utensils ..... 

12,000 

Ornaments 

1,500 

Miscellaneous 

1,500 


44,000 

Five-and-twenty years ago the quantity used for roofing did not exceed /ijOOO tons ; 
none was employed for ship-sheathing or lining packing-cases ; and stamped ornaments 
in zinc date only from 1852. 

From the low temperature at which zinc fuses, and from the sharpness of im- 
pressions possessed by castings in this metal, it is much employed on the Continent for 
the production of statues and statuettes. The uses of this metal in the preparation of 
alloys has already been noticed under the head of Alloys. It is also employ(d like 
tin for coating iron, producing what is known as ‘ galvanised iron.’ (See Galvaniskd 
Iron.) The disinfectant liquor of Sir W. Purnott is chloride of zinc, and the oxide 
of this metal is much employed as a pigment in place of white lead. (See Burnett’s 
Fluid, and Zinc White.) 
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Imports of Zinc in the Year 1873 and three previons Years {as per Board of Trade 

Eeturns). 


Tears 

Crude Zinc 

Zinc manufactures 


Quantities 

Value 

Quantities 

Value 


Tons 

£ 

Tons 

£ 

1870 

19,921 

366,461 

9,360 

220,394 

1871 

20,968 

431,309 

8,792 

207,866 

1872 

14,874 

302,329 

12,417 

340,827 

1873 

20,038 

478,628 

12,470 

367,935 


Zinc Imported in 1874. 

Quantities Value 

Crude, in cakes . . 22,216 tons £492,874 

Manufactures. . . 252,607 cwts. 372,176 


British Zinc or Spelter Exported in the Year 1873 arid four previous Years {as per 
Board of Trade Eeturns). 


Years 

Quantities 

Value 


Tons 

£ 

1869 

10,145 

207,840 

1870 

7,345 

141,281 

1871 

6,452 

115,281 

1872 

5,047 

101,812 

1873 

3,430 

85,739 


ZXKTCXlsrO OF XXtOlSr. Iron may bo conveniently coated, in tlio humid way, l>y 
a solution of sulphate of zinc, or one of the double salts of chloride of zinc and sal- 
ammoniac, as now used in soldering and welding. To secure success, the zinc 
solution should bo weak, and only a weak galvanic current should be used, otherwise 
the zinc precipitated will again separate from the iron in scales. With proper pre- 
cautions, the deposit may be made as thick as strong paper. The article must bo ■well 
cleansed before undergoing the operation. See Galvanised Iron. 

ZXirC PXtXXTTXXrG. If this art bo not calculated to supersede wood engraving, 
it can bo applied ■with great advantage for certain purposes in the etching style, for 
maps, plans, drawings of machines, &c. A zinc plate is covered with an etching 
ground, the drawing etched in tho usual manner with the needle, and bitten in. The 
etching ground is now removed, the deep lines cleaned with acid, and then tho whole 
plate, in a warm state, covered with an easily fusible metal, with which, of course, 
the lines of tho drawing arc tilled up. When the meUil thus laid on is cold and firm, 
the whole plato is planed until tho zinc appears again, and only the lines of the 
drawing remain filled with the fusible metal, which is easily distinguished by its 
white colour from tho gray (jf tho zinc. Tho whole plate is now etched nevcral 
times ; tho former lines of tlio drawing, filled with easily fusible negative metal, are 
not aflbeted by tho acid, while the pure zinc is eaten away. In this manner a drawing 
for printing in the copper-plate press can bo converted into one in relief for use in 
ordinary printing press. 

ZXKC WBXTXi. Under this name oxide of zinc is now largely used as a sub- 
stitute for w'hito lead. For this purpose it is prepared by heating metallic zinc in 
earthenware retorts, and bringing tho zinc-vapour into contact with a current of air, 
whereby it becomes oxidised. Instead of using metallic zinc, the reduction of the ore 
and oxidation of the metiil may bo performed at one operation. Thus, at tho New 
Jersey AVorks and the Lehigh Zinc AVorks a mixture of ore and charcoal is treated in 
muffle-furnaces, and tho oxide obtained is blown into chambers, in -which it is collected 
in largo muslin bags. In some Continental works the metallic zinc is exposed to the 
action of superheated steam, when oxide of zinc is formed, whilst hydrogen is liberated, 
the gas being applied in some cases to illuminating purposes. 

ZXBCOXr. See Hyacinth and Gems. 

ZX&COXrXA is a rare earth, extracted from tho mineral zircon, which is a Bilicata 
of zirconia. Zirconia itself is an oxide of zirconium. It has lately been proposed to 
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employ zirconia, instead of lime or magnesia, in t!ic preparation of cylinders for the 
oxyhydrogen light. 

SntCOirXVlIf may be prepared in an amorphous form by passing the vapour of 
chloride of zirconium over heated sodium, or by heating the double fluoride of zirconium 
and potassium with an alkaline metal, and treating the product wdth dilute nitric acid. 
Thus prepared, it appears as a dull brown pou'der, combustible in the air at a tem- 
perature below redness. 

M. Troost wished to determine whether zirconium, already found in this amorphous 
state by Berzelius, was a metal similar to magnesium, or aluminium, or a moUilloHi 
not unlike carbon, boron, or silicon. Ho obtained eryslallised zirconium by heating 
the fluoride of zirconium and potassium witli excess of aluminium, and removing the 
aluminium by solution from the insoluble residue. The zirconium thus obtained 
appears in hard brittle crystidlinc laminae, of specific gravity 4Tr». 

Zirconium in ite chemical properties approaches near to silicium, and perhaps even 
nearer to titanium. Crystalline zirconium withstands t lie action of oxygen at a reil 
lieat, becomes slightly oxidised at a white heat, and burns only when subjected to the 
oxyhydrogen-flame. It Imrns in chlorine, how'cver, at a dull heat. Odd acids have 
no action upon it, and warm acids affect it but slightly. Its true solvent is hydro- 
fluoric acid. Like silicium, zirconium presents throe different physical condilions, viz. 
the amorphous, graphitoVd, and crystallised. Zirconium forms only oue oxide, known 
as circonia. 

ZZXA.VZA« It has recently been suggested to employ Canada Grass {Ziiravia 
aquatica) .as a paper-making material. This plant grows abundantly on the shores 
of Lakes .Erie, Ont.'trio, and St. Clare, and is known to the Indians as Tiiscarora. The 
fibre is said to be easil3’ bleached and comparatively free from silica, whde it yields 
a paper of good colour and texture, wtll adapted to the printers use. It is rassertod 
tliat a supply of lOO.OtK) tons ptT annum may bo readily obtained from Canada. 

ZZZTPBVS. Several species of tliis genius of the Bucktliorn order {Tihamnncea') 
yield edible fruits. Z. Jiijnha, and some others, furnish tlic fruit known an jujube. 

ZO&OZTE. A selenido of lead and copper, from Zorge and Tilkerodc in tlio 
Ilartz. 

Z08TSBA. The Crass-wraek {Zostcra marina) is a marine plant common on 
the cotist of Britain. It is collected and dried for Ufce as a substitute for hay in 
packing. 
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